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Ntroduction

Australia’'s construction sector stands at a pivotal
juncture where labour shortages, flat productivity
and ambitious net zero targets converge with a
rapidly advancing portfolio of emerging
technologies (ETs).

This report was commissioned to provide businesses,
industry bodies, unions, government agencies and training
organisations with a clear, evidence-based assessment of
how sixteen priority technologies — ranging from Al driven
analytics and BIM centric digital twins, to drones, early stage
3 D printing, robotics and blockchain — are reshaping the
landscape today and what that means for the next decade.

@i [F]5ENCHMARK” &

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu




DIGITAL BLUEPRINT Emerging Technologies Research Project

Purpose and objectives

The study’s overarching objective is to gauge the readiness of Australia’s construction ecosystem to adopt,
scale and derive value from these technologies. Specifically, it seeks to:

e map the commercial momentum, maturity and perceived relevance of each ET;
e identify the benefits, barriers and workforce implications reported across
research and practice;

e surface areas of consensus and tension among key stakeholder groups; and

e propose practical levers to accelerate safe, productive and sustainable adoption.

Research design and evidence base

To ground the analysis, four complementary evidence streams were synthesised:

1. Google desktop scan - 970 Australian web results capturing market narratives
and vendor claims.

2. Literature review - 342 peer-reviewed and grey sources providing global
research insight.

3. Stakeholder surveys - 37 quantitative responses spanning contractors,
technology vendors, educators, regulators and business leaders.

4. Semi-structured interviews and round-tables - 12 in-depth conversations
offering practice-level perspectives.

Selection of the sixteen technologies

Technologies were shortlisted because they demonstrate early or accelerating commercial deployment,
address Australia’s productivity, safety and sustainability challenges, and are substantively covered across
academic, industry and practitioner sources. The portfolio comprises:

e 3-D printing e Drones
o Al e  Exoskeletons

e Augmented reality e |oT
e Autonomous vehicles e Mixed reality

[ =] BIM Robotics
Blockchain Simulators
Cybersecurity Site sensors
Digital twins Virtual reality
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Report structure

The report is arranged to lead the reader from
broad context to detailed evidence. Two concise
definition chapters — one describing the sixteen
emerging technologies and another clarifying
additional technical terms — provide a common
vocabulary and a starting point for the report. A
detailed table of contents then allows readers to
navigate quickly to areas of interest.

The executive summary distils headline findings
at a glance. The major discussion chapter
examines the overall research findings, while the
recommendations chapter translates them into
actionable levers for business, industry,
government and training providers.

Emerging Technologies Research Project

The core body of evidence is presented in four
dedicated write ups: a Google desktop scan
narrative, a literature review, a survey analysis
and an interview synthesis — each explaining
methodology and key insights. An appendix
closes the report.

By combining rigorous academic review with real
world stakeholder input, the report provides a
credible baseline from which Australia’s
construction community — from small trade
contractors to large tier one builders — can chart
a coordinated, scalable and people centred
digitalisation pathway.

An Important Note on Referencing

To keep this document clear, engaging, and accessible for busy industry readers, we have chosen not to
clutter the narrative with in-text citations. Experience shows that long strings of academic references can
interrupt the flow, distract from the key insights, and make a practical report harder to skim, digest, and
share with project teams. Instead, every source we consulted — peer-reviewed papers, industry white
papers, web articles and the like — has been logged in a master Google Sheet, giving full transparency
without over-complicating the main text. Readers who wish to trace specific data points or explore further
detail can do so easily via that sheet, while everyone else can focus on the strategic findings and

recommendations.
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=1 Definitions

3D Printing

In the building and construction sector, 3D
printing — also known as additive manufacturing
— creates physical objects by adding material
layer upon layer from a digital 3D model. At the
large end of the spectrum, gantry-style and
robotic-arm printers extrude construction-grade
concrete, polymers, or specialised composites to
form full-scale walls and structural elements on
site. At the smaller end, desktop-sized or
modular printers fabricate bespoke brackets,
facade components, MEP fittings, and other
precision parts off-site for rapid assembly.
Whether deployed at building scale or
component scale, the technology is reshaping
design freedom, production efficiency, and
material utilisation — though widespread
adoption still hinges on clearer design codes,
standardisation, and regulatory guidance for
both large- and small-format applications.

Al

Artificial Intelligence (Al) refers to computer
systems capable of performing complex tasks
that typically require human intelligence, such as
reasoning, decision-making, problem-solving, and
learning. These systems use advanced algorithms
and techniques to analyse vast amounts of data,
recognise patterns, and generate outputs like
content, forecasts, recommendations, or
decisions based on predefined objectives.

Al encompasses various specialised domains,
including machine learning, natural language
processing, computer vision, and deep learning.
These technologies enable Al systems to adapt
and improve their performance over time,
simulating human-like cognitive functions
without significant human oversight. Al
applications are diverse, ranging from speech
recognition and autonomous vehicles to medical
diagnosis and intelligent software agents.

Augmented reality

Augmented Reality (AR) is an interactive
technology that enhances the real world by
overlaying digital information onto the user's
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physical environment in real-time. This
technology integrates computer-generated
content, such as visual elements, sounds, or
other sensory inputs, with the user's perception
of reality, creating a seamless blend of virtual and
physical experiences.

AR systems typically consist of input devices like
cameras and sensors, processing software, and
displays that can range from smartphones to
specialised headsets. Unlike Virtual Reality, which
creates a fully simulated environment, AR
enriches the user's existing surroundings,
allowing for interaction with both digital and
physical elements simultaneously. This
technology has diverse applications across
construction, offering new ways to visualise
information, enhance decision-making processes,
and improve user experiences.

Autonomous vehicles

Autonomous vehicles (AV) in the building and
construction industry refer to self-operating
machines that utilise advanced technologies such
as Al, robotics, and sensor systems to perform
construction tasks without human intervention.
These vehicles, including driverless trucks,
excavators, and bulldozers, are equipped with
GPS sensors and programmed to respond to Al
algorithms, enabling them to navigate complex
construction environments efficiently. They can
handle repetitive tasks such as earthmoving,
grading, and paving with high precision,
optimising project timelines and reducing labour
costs.

The integration of autonomous vehicles in
construction offers several benefits, including
enhanced safety by removing humans from
hazardous tasks, increased productivity through
continuous operation, and improved precision in
executing tasks. Additionally, these vehicles can
optimise logistics, reduce delays, and minimise
errors, leading to cost savings and better
structural integrity. As the technology advances,
autonomous construction vehicles are poised to
transform the industry by making construction
processes faster, safer, and more sustainable.
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Blockchain

Blockchain, within the building and construction
industry, is a decentralised digital ledger
technology that securely records and verifies
transactions across a network of computers. It
offers transparency, immutability, and security,
making it ideal for addressing challenges in
construction such as fragmented data silos,
disputes, and inefficiencies. Blockchain enables
real-time tracking of materials, automates
contract execution through smart contracts, and
ensures secure sharing of sensitive project data
like designs and financial information. These
features help reduce fraud, enhance
accountability among stakeholders, and
streamline processes such as procurement,
payment schedules, and quality control.

The integration of blockchain into construction
workflows has transformative potential. For
example, smart contracts can automate
payments based on project milestones, reducing
delays and disputes while improving cash flow
management. Blockchain also facilitates
provenance tracking for materials, ensuring
authenticity and preventing the use of
counterfeit products. Additionally, its
compatibility with technologies like IoT allows for
enhanced real-time monitoring of equipment
and environmental conditions on construction
sites. By fostering collaboration, improving
efficiency, and ensuring transparency across all
phases of a project’s lifecycle, blockchain is
revolutionising the construction sector.

BIM

Building Information Modelling (BIM) is a
collaborative process that involves creating and
managing digital representations of the physical
and functional characteristics of buildings and
infrastructure throughout their lifecycle. It
encompasses the generation, management, and
sharing of a comprehensive digital model that
integrates various aspects of a built asset,
including its geometry, spatial relationships,
geographic information, and properties of
building components.

BIM extends beyond traditional 3D modelling by
incorporating additional dimensions such as time
(4D), cost (5D), and asset management (6D),
enabling stakeholders to plan, design, construct,
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and operate facilities more efficiently. This
approach facilitates improved decision-making,
enhances project coordination, and supports
sustainability efforts by providing a shared
knowledge resource for information about a
facility from its earliest conception to demolition.

Cybersecurity

Cybersecurity is the practice of protecting
computer systems, networks, programs, and data
from digital attacks, unauthorised access, and
other malicious activities. It encompasses a range
of technologies, processes, and practices
designed to safeguard information technology
assets, including hardware, software, and
sensitive data, from theft, damage, or disruption.

This multifaceted discipline involves various
components such as application security,
network security, operational security, and
disaster recovery planning. Cybersecurity
measures aim to maintain the confidentiality,
integrity, and availability of digital systems and
information, which are crucial for individuals,
businesses, and organisations in an increasingly
interconnected world. As cyber threats continue
to evolve in sophistication and frequency,
cybersecurity has become an essential aspect of
risk management strategies across industries.

Digital Twins

A digital twin is a virtual representation of a real-
world physical object, system, or process that is
continuously updated with real-time data. This
technology integrates various components,
including sensors, data processing systems, and
advanced simulation models, to create an
accurate digital counterpart that mirrors the
behaviour, performance, and lifecycle of its
physical twin. Digital twins enable organisations
to monitor, analyse, and optimise their assets or
processes in a virtual environment, facilitating
improved decision-making, predictive
maintenance, and enhanced operational
efficiency.

The concept of digital twins extends beyond
simple simulation, as it incorporates a two-way
flow of information between the physical and
virtual entities. This bidirectional data exchange
allows for real-time monitoring, scenario testing,
and the application of insights gained from the

July2025 7|Page



DIGITAL BLUEPRINT

digital model to the physical counterpart. Digital
twins are utilised across various industries,
offering potential benefits such as reduced
downtime, optimised performance, and
accelerated innovation.

Drones

Drones, also known as unmanned aerial vehicles
(UAVs) or unmanned aircraft systems (UAS), are
flying robots that can be operated remotely or
autonomously without an onboard human pilot.
These devices incorporate advanced technologies
such as sensors, GPS, cameras, and artificial
intelligence to navigate, perceive their
surroundings, and perform various tasks.

Drones, or unmanned aerial vehicles (UAVs), are
transforming the building and construction
industry by providing efficient, cost-effective, and
safe solutions for various tasks. These devices
are equipped with advanced sensors, cameras,
and GPS technology to capture high-resolution
aerial imagery and real-time data. In
construction, drones are widely used for site
surveying, topographic mapping, progress
monitoring, and safety inspections. They enable
construction teams to collect accurate data
quickly, reducing the time required for traditional
surveys and improving decision-making
processes during all project phases.

The integration of drones in construction offers
numerous benefits, including enhanced safety by
reducing the need for workers to access
hazardous areas, improved resource
management through equipment tracking, and
better communication via real-time monitoring.
Drones also facilitate the creation of 3D models
and orthomosaic maps, which help in project
planning, quality control, and identifying on-site
issues early. By streamlining workflows and
minimising human error, drones contribute to
faster project completion and significant cost
savings, making them an indispensable tool in
modern construction practices.

Exoskeletons

An exoskeleton is a wearable device designed to
augment or enhance human physical capabilities
by providing mechanical support and assistance
to the user's body. Exoskeletons in the building
and construction industry are wearable devices
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designed to provide support and assistance to
workers, enhancing their physical capabilities
while reducing the risk of injuries and fatigue.
These devices, often referred to as exosuits, are
equipped with motorised joints that offer lift
support, weight dispersion, and posture
correction, making them particularly useful for
tasks involving heavy lifting, carrying, and
repetitive movements. Exoskeletons can be
categorised into passive and active types, with
passive models providing support without
external power and active models using motors
and sensors to actively assist with movement.

The integration of exoskeletons in construction
may offer several benefits, including reduced risk
of musculoskeletal disorders, increased
productivity, and improved ergonomics. By
alleviating physical strain, exoskeletons may
enable workers to perform tasks more efficiently
and safely, which is especially beneficial in high-
risk construction environments where injuries
are common. Additionally, exoskeletons may
extend the working lifespan of aging workers by
providing them with the necessary support to
continue performing physically demanding tasks
beyond their natural physical limits.

loT

The Internet of Things (loT) in the building and
construction industry refers to the integration of
interconnected devices and sensors that collect
and exchange data to enhance operational
efficiency, safety, and sustainability on
construction sites. |oT solutions enable real-time
monitoring of equipment performance, worker
safety, and environmental conditions, allowing
for proactive management of potential risks and
optimisation of resources. This technology
facilitates streamlined workflows by automating
tasks, improving asset utilisation, and reducing
downtime through predictive maintenance.

loT applications in construction are diverse and
include tools and asset tracking, personnel
monitoring, and environmental sensing. For
instance, IoT sensors can monitor concrete
curing processes, ensuring optimal conditions for
structural integrity. Additionally, loT enhances
site security through surveillance systems and
access control, minimising theft and
unauthorised access. By providing actionable
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insights and automating processes, loT
contributes to cost savings, improved project
timelines, and enhanced overall project
management efficiency in the construction
sector.

Mixed Reality

Mixed reality (MR) in the building and
construction industry is a technology that
seamlessly blends digital and physical elements
to create an interactive, real-time environment. It
enables users to engage with both tangible and
virtual components simultaneously, enhancing
their ability to interpret spatial relationships and
project data. MR facilitates the creation of virtual
replicas of construction plans, allowing architects,
designers, engineers, and project managers to
visualise projects with unprecedented accuracy.
This technology is particularly useful for on-site
collaboration, as it provides workers with
interactive heads-up displays that superimpose
digital models onto real-world environments,
improving project coordination and decision-
making efficiency.

The integration of MR in construction offers
numerous benefits, including enhanced
collaboration, improved quality control, and
increased safety. MR enables teams to share
holographic data in real-time, facilitating remote
collaboration and reducing the need for physical
meetings. It also enhances quality assurance by
allowing precise comparisons between digital
models and physical structures, helping to
identify discrepancies early in the project
lifecycle. Additionally, MR can help identify
potential safety hazards during the design phase,
reducing risks and improving overall project
outcomes.

Robotics

Robotics in the building and construction
industry refers to the application of automated
machines and robotic systems to perform tasks
traditionally carried out by human workers.
These systems are designed to handle repetitive,
labour-intensive, or high-risk activities such as
bricklaying, concrete pouring, welding,
excavation, and demolition. Construction robots
leverage technologies like sensors, artificial
intelligence (Al), and machine learning to navigate
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complex environments, adapt to dynamic site
conditions, and execute tasks with precision and
efficiency. By automating these processes,
robotics enhances productivity, reduces errors,
and improves safety on construction sites.

The integration of robotics offers significant
benefits to the construction sector, including
shortened project timelines, reduced labour
costs, and improved quality control. For instance,
robotic arms equipped with advanced end-
effectors can fabricate structural components
directly on-site, while autonomous drones can
conduct site surveys with high accuracy (Cemex
Ventures 2024; Procore 2024). Additionally,
robots are increasingly employed for inspection
and maintenance tasks in hazardous
environments, minimising risks to human
workers. As robotics technology continues to
evolve, its transformative potential in
construction is expected to address longstanding
challenges such as labour shortages and
inefficiencies while paving the way for more
sustainable and innovative practices.

Simulators

Simulators for high-risk work are advanced
training tools that replicate real-world, hazardous
work environments and equipment to provide
safe, immersive learning experiences for
operators and trainees. These simulators range
from low-fidelity static models to high-fidelity,
computer-driven systems that closely mimic the
physical and operational characteristics of actual
machinery and workplace scenarios. They allow
trainees to practice critical skills, decision-making,
and safety procedures without the risks
associated with on-the-job training in potentially
dangerous situations.

The use of simulators in high-risk industries
offers numerous benefits, including standardised
training experiences, objective performance
assessment, and the ability to safely expose
trainees to rare or emergency scenarios that
would be impractical or unsafe to recreate in real
life. By providing a controlled environment for
skill development and error management,
simulators contribute to improved operator
safety habits, reduced accidents, and enhanced
overall workplace safety in high-risk sectors such
as construction, mining, and heavy industry.
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Site Sensors

Site sensors are advanced devices deployed in
construction environments to monitor, collect,
and transmit real-time data about various
aspects of the project and its surroundings.
These sensors can be installed on-site,
embedded in materials, or worn by workers to
capture information on structural integrity,
environmental conditions, safety parameters,
and project progress.

The applications of site sensors in construction
are diverse and include structural health
monitoring, environmental tracking, worker
safety, and project management optimisation.
For instance, sensors can detect changes in
temperature, humidity, dust levels, and noise,
while others monitor concrete curing processes,
equipment usage, and worker movements. By
providing continuous, accurate data, site sensors
enable project managers to make informed
decisions, enhance safety measures, improve
efficiency, and ensure compliance with
regulations, ultimately contributing to more
sustainable and cost-effective construction
practices.
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Virtual Reality

Virtual reality (VR) in the building and
construction industry refers to the use of
immersive, computer-generated environments
that allow stakeholders to visualise, interact with,
and experience construction projects before they
are built. By employing VR headsets and other
tools, architects, engineers, and clients can
explore 3D models of buildings or infrastructure
in a realistic virtual space. This technology
enhances design accuracy, facilitates
collaboration, and helps identify potential issues
early in the project lifecycle, reducing costly
revisions and improving overall project efficiency.
In addition to design and planning, VR is widely
used for safety training and skill development.
Workers can engage in realistic simulations of
construction sites to practice operating
machinery or navigating hazardous scenarios in a
risk-free environment. This not only improves
safety awareness but also reduces on-site risks.
Furthermore, VR enables remote project
walkthroughs for clients and stakeholders,
fostering better communication and decision-
making while saving time and resources. By
integrating VR into construction workflows, the
industry can achieve improved project outcomes,
enhanced safety measures, and greater client
satisfaction.
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Other Definitions

4D/5D/6D BIM

4D BIM adds the dimension of time (scheduling)
to traditional 3D models, 5D BIM incorporates
cost information, and 6D BIM includes facility
management and lifecycle data. These extended
BIM dimensions enable comprehensive project
planning, cost management, and asset
maintenance throughout a building's entire
lifecycle.

API (Application
Programming Interface)

An APl is a set of protocols, routines, and tools
that allows different software applications to
communicate and share data with each other. In
construction technology, APIs enable integration
between different systems such as BIM software,
project management platforms, and 10T sensors,
facilitating seamless data exchange and
interoperability across the digital construction
ecosystem.

ASQA (Australian Skills
Quality Authority)

ASQA is the national regulator for vocational
education and training in Australia. It regulates
training providers to ensure they meet the
standards for delivering quality training and
assessment services, including approving and
monitoring RTOs that provide construction-
related qualifications and emerging technology
training.

Builder

In this context, a builder refers to construction
companies and contractors who undertake the
physical construction of buildings and
infrastructure projects. This includes general
contractors, specialist subcontractors, and
construction firms of various sizes from small
"mum and dad" operators to large tier-one
construction companies that manage major
projects and coordinate multiple trades and
suppliers.
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CDE (Common Data
Environment)

A CDE is a centralised digital workspace where all
project information is collected, managed, and
shared among project stakeholders. It provides a
single source of truth for project data, ensuring
all team members work with the most current
information and reducing errors caused by
outdated or conflicting documentation.

Certification

Certification is the formal recognition that an
individual, product, or process meets specific
standards or competency requirements. In
construction technology, certification may apply
to worker qualifications, technology systems,
building methods, or safety procedures,
providing assurance of quality and compliance
with industry standards.

Change Management

Change management is the systematic approach
to transitioning individuals, teams, and
organisations from current practices to desired
future states. In construction technology
adoption, change management involves
planning, implementing, and monitoring the
human and organisational aspects of technology
implementation to ensure successful adoption
and utilisation.

Clash Detection

Clash detection is a BIM process that identifies
conflicts between different building systems
(such as structural, mechanical, electrical, and
plumbing elements) during the design phase.
This technology helps prevent costly construction
errors by resolving conflicts before construction
begins, reducing rework and project delays.

COAG (Council of
Australian Governments)

COAG is the peak intergovernmental forum in
Australia comprising the Prime Minister, state
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and territory premiers, chief ministers, and the
president of the Australian Local Government
Association. In the context of construction
technology policy, COAG processes facilitate
coordination between federal, state, and local
governments on regulatory reforms and
standards that affect the construction industry.

Compliance

Compliance refers to conforming to rules,
regulations, standards, and legal requirements
that govern construction activities. In the context
of emerging technologies, compliance includes
meeting building codes, safety regulations,
environmental standards, and quality
requirements when implementing new
construction methods or technologies.

CPD (Continuing
Professional
Development)

CPD refers to the ongoing learning activities that
professionals undertake to maintain and
enhance their knowledge, skills, and
competencies throughout their careers. In
construction, CPD requirements may include
technology training, safety updates, and
certification renewals that ensure practitioners
remain current with industry developments and
regulatory changes.

Digital Transformation

Digital transformation is the comprehensive
integration of digital technology into all areas of
business operations, fundamentally changing
how organisations operate and deliver value to
customers. In construction, this involves adopting
digital tools and processes that replace
traditional paper-based workflows, manual
processes, and isolated systems with connected,
data-driven approaches.

Digitalisation

Digitalisation is the process of converting analog
information and processes into digital formats,
enabling the use of digital technologies to
improve business operations. In construction,
digitalisation includes activities such as
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converting paper drawings to digital formats,
implementing electronic document management
systems, and using mobile devices for data
collection and communication.

ESG (Environmental,
Social, and Governance)

ESG criteria are standards for measuring an
organisation's environmental impact, social
responsibility, and governance practices. In
construction, ESG considerations increasingly
influence project decisions, with technologies
being evaluated for their contribution to
sustainability goals, worker safety, and ethical
business practices.

Fragmentation Paradox

The Fragmentation Paradox describes the
situation where construction technology
solutions exist and are being implemented
successfully but remain hidden in organisational
silos and are not shared across the industry. This
paradox represents both the industry's greatest
challenge and most immediate opportunity,
where proven innovations operate in isolation
rather than being disseminated for wider benefit,
forcing other organisations to reinvent solutions
rather than learning from existing successes.

Government Agency

Government agencies are public sector
organisations at federal, state, or local levels that
develop policy, provide services, regulate
industries, or deliver public infrastructure. In
construction technology adoption, these agencies
play roles as regulators, funders, procurers of
construction services, and policy developers
influencing how emerging technologies are
adopted and implemented.

Grey Literature

Grey literature refers to research and
information produced outside traditional
commercial or academic publishing channels.
This includes government reports, industry
association studies, policy briefs, technical
reports, conference papers, consulting firm
research, and professional body publications.
Grey literature is particularly valuable in
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construction technology research as it often
contains current information about emerging
trends, real-world applications, and policy
developments that may not yet appear in peer-
reviewed academic journals.

Industry Body

Industry bodies are organisations that represent
the interests of businesses and professionals
within specific sectors. In construction, these
include peak associations, professional institutes,
and trade organisations that advocate for their
members, develop industry standards, provide
training and networking opportunities, and
influence government policy affecting the
construction sector.

Interoperability

Interoperability refers to the ability of different
systems, applications, or devices to work
together and exchange information effectively. In
construction technology, interoperability enables
different software platforms, hardware devices,
and data formats to communicate seamlessly,
reducing duplication of effort and improving
project coordination across diverse technology
environments.

ISO (International
Organisation for
Standardisation)

ISO is an independent, non-governmental
international organisation that develops and
publishes international standards. In
construction technology, ISO standards provide
globally recognised frameworks for quality
management, information security,
environmental management, and technical
specifications for emerging technologies.

KPI (Key Performance
Indicator)

KPIs are measurable values that demonstrate
how effectively an organisation is achieving key
business objectives. In construction technology
contexts, KPIs might include metrics such as
project completion time, cost variance, safety
incident rates, productivity measures, or
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technology adoption rates that help assess the
success of digital transformation initiatives.

Legacy System

Legacy systems are older technology platforms,
software applications, or processes that remain
in use despite newer alternatives being available.
In construction, legacy systems often include
established project management software,
accounting systems, or communication tools that
may have limited integration capabilities with
newer emerging technologies.

MOUs (Memoranda of
Understanding)

MOUs are formal agreements between two or
more parties that outline their mutual
understanding and cooperation on specific
matters. In construction technology adoption,
MOUs might establish partnerships between
training providers and technology vendors,
collaboration frameworks between industry
bodies, or data-sharing arrangements between
government agencies and private sector
organisations.

NCC (National
Construction Code)

The NCC is Australia's primary set of technical
design and construction requirements for
buildings and other structures. It provides the
minimum requirements for safety, health,
amenity, accessibility, and sustainability in the
design and construction of new buildings and the
renovation of existing buildings.

Off-site Construction

Off-site construction refers to manufacturing
building components or entire modules in a
controlled factory environment before
transporting them to the construction site for
assembly. This approach often incorporates
advanced technologies and automated processes
to improve quality, reduce waste, and accelerate
project delivery.
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Pilot Project

A pilot project is a small-scale, preliminary
implementation of a new technology, process, or
approach used to test feasibility and gather data
before full-scale deployment. In construction
technology adoption, pilot projects allow
organisations to evaluate emerging technologies
in controlled environments, assess their benefits
and challenges, and develop implementation
strategies for broader rollout.

Practitioners

In this context, practitioners refer to people
directly involved in day-to-day construction work
or technology delivery, including builders, site
managers, engineers, technology vendors, and
training instructors, rather than academics or
policymakers. These are the individuals who
implement and use emerging technologies in
practical, operational environments.

Prefabrication

Prefabrication is the practice of assembling
building components in a manufacturing facility
before transporting them to the construction
site. This method enables greater quality control,
reduces construction time, minimises weather-
related delays, and often incorporates advanced
manufacturing technologies and automation.

Procurement

Procurement is the process of sourcing and
acquiring goods, services, and works needed for
construction projects. In technology adoption
contexts, procurement includes selecting
technology vendors, negotiating contracts, and
establishing frameworks that encourage
innovation while maintaining quality and value
for money.

R&D (Research and
Development)

R&D encompasses activities aimed at developing
new technologies, improving existing processes,
or gaining new knowledge. In construction, R&D
efforts focus on advancing building methods,
materials, and technologies to improve
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productivity, safety, sustainability, and quality in
construction delivery.

Regulatory Inertia

Regulatory inertia refers to the slow pace at
which regulations, codes, and standards adapt to
technological innovations and industry changes.
In construction, regulatory inertia creates
barriers to technology adoption when building
codes, approval processes, and compliance
frameworks lag technological capabilities,
preventing or delaying the implementation of
proven innovative methods and technologies.

Regulatory Sandbox

Aregulatory sandbox is a framework that allows
businesses to test innovative products, services,
or approaches with relaxed regulatory
requirements under regulatory supervision. In
construction, regulatory sandboxes enable trials
of new building methods, technologies, or
materials that may not fully comply with existing
codes, allowing regulators to assess their safety
and effectiveness before updating standards.

ROI (Return on
Investment)

ROl is a financial metric used to evaluate the
efficiency and profitability of an investment,
calculated as the ratio of net profit to the cost of
investment. In construction technology adoption,
ROI analysis helps organisations assess whether
the benefits gained from implementing new
technologies (such as time savings, cost
reductions, or improved safety) justify the initial
and ongoing costs of implementation.

RTO (Registered Training
Organisation)

RTOs are educational institutions that are
registered and regulated by government
authorities to deliver vocational education and
training in Australia. In the construction sector,
RTOs provide apprenticeships, trade
certifications, and professional development
programs that may include training on emerging
technologies and digital skills relevant to modern
construction practices.
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SME (Small and Medium-
sized Enterprises)

SMEs are businesses that fall below certain size
thresholds for revenue, employees, or assets. In
Australian construction, SMEs typically include
smaller contractors, specialist trades, and family-
owned construction businesses that may face
different challenges and opportunities in
adopting emerging technologies compared to
larger tier-one construction companies.

Subcontractors

Subcontractors are specialist companies hired by
main contractors to perform specific portions of
construction work. In technology adoption,
subcontractors play crucial roles as they often
directly implement new tools and methods on
construction sites, making their capability and
willingness to adopt technology critical to
successful implementation.

TAFE (Technical and
Further Education)

TAFE institutes are government-owned vocational
education providers in Australia that offer
practical, industry-focused training programs. In
construction technology contexts, TAFEs play
crucial roles in delivering apprenticeships, trade
qualifications, and professional development
programs that prepare workers for careers
involving emerging technologies and digital
construction methods.

Tier-one

Tier-one refers to the largest and most capable
construction companies that typically handle
major infrastructure projects, complex buildings,
and high-value contracts. These companies often
have greater resources for technology adoption
and may lead industry innovation, though their
implementations need to work effectively with
smaller subcontractors and suppliers.
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Training Organisation
Training organisations encompass the broader
category of institutions that provide education
and skills development for the construction
industry. This includes TAFEs, RTOs, universities,
private training providers, and industry-specific
training bodies that develop and deliver
programs covering both traditional construction
skills and emerging technology competencies.

Vendor

In this context, vendors are companies that
supply technology solutions and services to the
construction industry. This includes software
developers, hardware manufacturers, system
integrators, and technology consultants who
design, develop, and support the emerging
technologies being adopted by construction
companies, training organisations, and
government agencies.

WHS (Work Health and
Safety)

WHS encompasses the legal framework and
practical measures designed to protect the
health, safety, and welfare of workers and others
affected by work activities. In construction
technology, WHS considerations influence the
design, implementation, and use of emerging
technologies to ensure they enhance rather than
compromise worker safety.

Workforce

The workforce refers to all people employed in
the construction industry, from apprentices and
tradespeople to engineers, project managers,
and executives. In technology adoption contexts,
workforce considerations include skills
development, training needs, generational
differences in technology acceptance, and the
changing nature of construction roles.
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Australia’s construction sector is entering a decisive window. Labour shortages, flat productivity
and ambitious net-zero targets are ratcheting up pressure for change, while a rapidly advancing
portfolio of sixteen emerging technologies (ETs) — ranging from Al-assisted analytics and BIM-
centric digital twins to early-stage robotics, additive manufacturing and immersive reality tools —
offers credible pathways to faster, safer, greener delivery. Crucially, some of these tools (e.g.
drones, Al, VR safety simulators) are already proving commercial value in pockets of the market,
whereas others (such as large-scale 3D printing, fully autonomous machinery or blockchain-
based contracting) remain in pilot or pre-feasibility phases. In other words, the industry now
faces a graduated technology landscape: adoption can begin immediately with today's “ready”
solutions while simultaneously de-risking the next wave.

To gauge readiness and chart the way forward, we synthesised four complementary evidence angles:

e Google desktop scan - 970 web results mapping local market narratives.

e Peer-reviewed & grey literature - 342 sources capturing global research insights.

e Stakeholder surveys - 37 responses spanning training providers, government/industry bodies,
construction firms and technology vendors.

e In-depth interviews - 12 organisations giving texture to lived experience across the value chain.

Three meta-findings emerge:

1. Value Proposition Uncontested - Across academia, media and practice, ETs are credited with
boosting productivity, improving safety, lowering cost and supporting sustainability agendas.

2. Adoption Bottlenecks Inter-locking - High capital costs, skills shortages, integration headaches,
regulatory lag and conservative culture form a self-reinforcing barrier loop.

3. Strategic Levers Known but Fragmented - Stakeholders prescribe the same remedies —
workforce up-skilling, pilot-to-scale demonstrations, cross-sector collaboration, modernised
standards and targeted incentives — yet implementation remains patchy.
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Data at a glance

The matrix below distils evidence on all 16 emerging technologies, showing at-a-glance how each is
characterised across Google, literature, stakeholder surveys and interviews. Read horizontally to see
consensus or divergence on a single technology.

Technology-by-Technology Matrix (16 Domains)

Technology

3-D Printing
(Additive
Construction)

Artificial
Intelligence (Al)

Augmented
Reality (AR)

Autonomous
Vehicles /
Equipment

Blockchain /
Smart Contracts

Building
Information
Modelling (BIM)

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

Literature Review
(global academic &

grey)

40+ papers — shows
large-scale wall &
bridge pilots;
structural-code hurdles,
material certification
lag; cost curve trending
down but still high.

Highest citation count;
applications in
schedule optimisation,
safety prediction,
progress analytics; ROI
models emerging.

20+ studies—site
overlay accuracy,
manual re-work
reduction; hardware
weight & glare issues
noted.

Early research—mine-
site haul truck case-
studies; safety benefits;
insurance/liability grey
zone.

25+ papers on payment
automation &
provenance; legal
enforceability
unresolved.

Mature research;
central to collaboration;
interoperability and
data standards
dominant theme.
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Google Desktop
Review
(Australian
web/news)

Media buzz on
showcase houses &
small modular
units; narrative of
rapid build & low
waste; scepticism
about durability
and compliance.
Most frequently
touted “game-
changer”; heavy
vendor white-paper
output; limited
local case-study
metrics.

Rapid rise in
design-review and
remote-expert
apps; stories of on-
site clash checks;
moderate hype.

Limited building-
site coverage; civil
projects trialling
self-driving rollers;
regulation
headlines.

Sparse Australian
pilots; some
government
procurement tests;
discussion in legal
blogs.

Core topic in every
major project story;
mandates overseas
cited; push for ISO
19650 adoption.

Stakeholder
Surveys (Training
/ Vendors /
Businesses / Gov-
Industry)

50 % of RTOs plan
to include within 3
yrs; non surveyed
builders currently

trialling (capex);
gov-industry ranks
as 4th priority.

#1 future tech for
vendors & builders;
67 % RTOs plan Al
modules; gov-
industry sees Al as
key to productivity
gap.

40 % RTOs teach or
pilot; vendors
bundling AR with
BIM viewers;
modest builder
trials for fit-out
verification.

Only 1 builder
shows interest;
vendors rate “long-
term"”; gov-industry
cautious due to
road & site rules.
Minimal uptake
across all survey
groups; interest
mainly theoretical;
RTOs list as “future
elective”.

100 % builder’s use;
56 % RTOs
expanding; vendors
integrate BIM with
other tools; gov-
industry lobbies for

Stakeholder Interviews
(Practitioner voices)

Interviewees suggest 3DP
demo projects to tackle
housing shortage; builders
cite cost & approval
uncertainty.

Builders piloting Al
dashboards; vendors
exploring Al-VR integration;
concern over data quality &
trust.

Used for remote expert
support on two interview
projects; hardware cost &
device hygiene barriers.

Seen as future wave;
builders worry about site
variability; need for
insurance & standards
clarity.

Interviewees intrigued by
potential for trustless
payments but see “no clear
path yet".

Called “low-hanging fruit”
for policy reform; BIM seen
as spine for digital twins &
prefab.
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7/ Cyber-security

Digital Twins

Drones / UAVs

Exoskeletons /
Wearable Assist
Devices

Internet of
Things (loT)

Mixed Reality
(MR)

Robotics (On-site
& Off-site)

Simulators for
High-Risk Work

CONSTRUCTION INDUSTRY TRAINING COUNGIL
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AL BLUEPRINT

Under-researched but
flagged as essential
underpinning for
loT/Al; frameworks
proposed.

Lifecycle optimisation
studies; benefits in FM
& predictive
maintenance; data-
quality bottleneck.

Safety & progress-
tracking benefits;
automated
photogrammetry
accuracy papers.

Ergonomic trials show
strain reduction;
battery life & bulk still
issues; limited large-
sample data.

Papers on sensor
networks, predictive
maintenance, energy
use; integration & cyber
risks central.

Early research—
combining AR visuals &
VR immersion; limited
construction trials.

Productivity & safety
gains; studies on
bricklaying, rebar tying,
welding;
cost/maintenance
caveats.

Strong VR-based safety
training evidence;

reduced incident rates;
cognitive load research.
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Rising coverage
after recent
ransomware
incidents;
consultancies
publish readiness
checklists.

Smart-asset blogs;
water/utilities
pilots; focus on
sustainability
tracking.

Popular media
topic; widespread
progress-photo &
roof-inspection
examples.

Occasional case
pieces (airport
build, warehouse);
niche coverage.

Wearables, smart
hard-hats,
concrete-cure
sensors in trade
media; vendor
ecosystems
emerging.
Product launches
(e.g. HoloLens
updates); few
Australian case
studies.

Media on pilot
sites; consultant
forecasts; ROI
debate.

Growing supplier
base; regulatory
interest in
simulation hours
counting toward
certification.

national BIM
mandate.

40 % RTOs plan
dedicated units;
vendors split on
importance;
builders view as
“must-have
baseline” but
outsource.

32 % RTOs teach
basics; contractors
limited—see twins
as “future phase”;
gov-industry
highlight for asset
owners.

2/4 builders
already operate
drones; 32 % RTO
training; vendors
offer mapping
services.

Zero current RTO
delivery; 18 %
“future interest”;
builders cite cost &
comfort barriers.
25-40 % inclusion
plans across
groups; builders
see potential in
logistics & asset
tracking.

Very few formal
courses; vendors
demo MR for clash
detection; builders
exploring for
complex fit outs.
50 % gov-industry
list as urgent;
training providers
exploring
simulation
modules; builders
cautious.

63 % RTOs deploy
VR/desktop
simulators for
crane, confined-
space, fire safety;
vendors bundle
with VR kits.

Interviewees insist security
must be “built-in” not bolt-
on; stress need for sector-
specific standards.

High future potential once
live-data pipelines mature;
builders link to long-term
service models.

Positive safety anecdotes;
need for clearer airspace
approvals & pilot licensing
paths.

Viewed as promising for
aging workforce but “not
yet site-ready”;
procurement cost flagged.

Data-sharing and platform
fragmentation biggest pain;
calls for common data
environment (CDE).

Considered “next step”
once AR adoption stabilises;
hardware cost steep.

Integration complexity
(layout, supply chain) main
worry; robotics seen more
viable in prefab plants.

Trainers praise 30-min VR
vs 6-h class efficiency;
accreditation recognition
still pending.
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Site Sensors
(Environmental,
Structural,
Safety)

Virtual Reality
(VR)

EXTBUILD DIGITAL BLUEPRINT

Research on concrete
cure, vibration, noise,
dust; predictive
maintenance;
calibration issues.

Extensive evidence on
training efficacy and
design review; motion-
sickness mitigations.

Emerging Technologies Research Project

Case stories on
sensor arrays for
tunnels & high-

35 % RTOs include
basics; builders
trial limited sets;

Interviews cite need for
data standards &
dashboards; sensors feed

rises; ESG reporting gov-industry into Al analytics in pilots.
tie-ins. interested in

compliance

monitoring.
High visibility in 63 % RTOs active; Strong engagement stats;
safety-training vendors specialise;  hardware capex still barrier;
articles; wide builders use for demand for formal

vendor ecosystem.

client
walkthroughs.

accreditation.

Further to this table, the chart below shows how the sixteen emerging technologies rank for Australian
construction today (yellow) and where experts expect them in five years (orange). BIM, VR, cybersecurity
and site-sensors are already mainstream or close to it and stay on top. Al, digital twins, drones, loT and
safety simulators climb sharply — from niche to high relevance — as pilots, skills and standards mature.
Augmented/Mixed Reality and robotics creep upward but remain mid-tier, held back by hardware cost and
integration effort. 3-D printing, autonomous vehicles, exoskeletons and blockchain stay at the fringe unless

cost or regulation shifts dramatically.

Current vs Projected Relevance of Emerging Construction Technologies
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The body of this report unpacks these insights in detail. Each major section opens with a cross-angle
comparison table showing who says what across the four research streams, then drills down with narrative

analysis.
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DISCUSsSsIon

NOTE: Throughout this section of the report, we flag supporting evidence — e.g., “(Lit Rev)", “(Google Rev)”,
“(Survey-Business)” etc. — so readers can quickly locate the underlying source for any given statement or
data point:

Lit Rev = Literature Review Survey-Edu = Training Organisation specific survey
Google Rev = Google Review Interview Business = Business specific interview
Survey-Business = Business specific survey Interview Vendor = Vendor specific interview

e Intervi = rnment and In r ifi
Survey-Vendor = Vendor specific survey terview Gov = Gove ent and Industry specific

interview
Survey-Gov = Government and Industry specific Interview Edu = Training Organisation specific
survey interview

Benefits & Applications of Emerging Technologies

Representative Phrases / Alighment
Examples Level

Evidence Set Top-Ranked Benefits

“Streamlined project delivery”,
“predictive maintenance”, Strong
“carbon-tracking BIM”

Literature Productivity 1, Cost |, WHS Safety 1,
Review Quality 1, Sustainability gains

Blog on 48-hour 3D-printed
walls; white-paper on VR safety  Strong
drills

“Faster, Cheaper, Safer, Greener”
narratives dominate

Efficiency & safety (businesses); “Reduce rework 15-20 %" “sell

Stakeholder competitive edge (vendors); policy e . Moderate-
) more projects”; “lift completion
Surveys leverage (gov/industry); student rates” Strong
engagement (training)
Improved efficiency, productivity, VR cuts classroom time from 4-6
safety and quality; cost savings; h — 30 min; drones remove Strong
better collaboration and visibility climb risks; Al auto-schedules

Note: In the above table “alignment” simply tells you how closely each evidence set echoes the same message
about a given item. So, when you see “Strong” beside a benefit, it means the literature, Google scan, surveys and
interviews all point in the same direction.

All evidence sets underscore significant benefits and applications of emerging technologies in construction.
In the academic literature, there is universal agreement that digitalisation is vital for the industry's
competitiveness and survival (Lit Rev). Researchers identify a consistent value proposition across diverse
technologies: most innovations promise faster, more efficient project delivery, cost savings, improved
safety, better quality, and sustainability gains - in short, “speed, quality, safety, cost control, and
sustainability” are common outcomes (Lit Rev). For example, many sources highlight productivity boosts
from automation and Al-driven tools, fewer errors and rework through digital precision, and reduced waste
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leading to lower costs (Lit Rev). Nearly every academic source also notes measurable safety improvements
as a key benefit of technology adoption (Lit Rev).

This academic perspective is mirrored in industry-focused findings. The Google desktop research found
that technology narratives consistently converge on making construction “faster, cheaper, safer, [and]
greener,” with most sources emphasising efficiency and productivity gains as a primary benefit (Google
Rev). Indeed, virtually all sources on Al and robotics stress how automation accelerates workflows and
enables round-the-clock operations, while drone surveys, BIM and digital twin platforms streamline tasks
and reduce delays (Google Rev). There is broad agreement across the industry that up-front technology
investments pay off through cumulative project cost efficiencies over time (Google Rev). Enhanced worker
safety is another recurring “selling point” - for instance, drones and autonomous machines take humans
out of harm’s way, and Al-based monitoring can prevent accidents, a benefit highlighted in the vast majority
of sources (Google Rev).

Stakeholder inputs reinforce these positive expectations. All four surveyed construction companies
reported using core digital tools like project management software, mobile field apps and BIM, motivated
chiefly by aims of operational efficiency, alleviating labour shortages, and improving safety compliance
(Survey-Business). In other words, real-world contractors value the same benefits academia and trade
literature cite: doing projects faster and cheaper, coping with workforce gaps, and keeping people safer.

Vendors on the supply side are even more emphatic about the potential - in fact, a “clear consensus”
emerged among surveyed technology providers that today’s solutions are capable of delivering
transformational change to construction processes (Survey-Vendor). These technology suppliers believe the
tools are ready to dramatically improve productivity and outcomes. Likewise, government and industry
bodies acknowledge the promise of technology: there is a widespread perception that embracing emerging
tools is essential if the Australian construction sector is to catch up with global peers (Survey-Gov).
Interviewees across different stakeholder groups also recognised numerous practical applications and
advantages of new technologies. For instance, training leaders pointed to uses of Virtual Reality in safety
and equipment training, which create immersive learning experiences not possible with traditional
methods (Interview Vendor). Some interview participants noted Australia has had successes in specific
technology areas - e.g. being an early adopter of BIM and drones - demonstrating how these innovations
can add value on real projects (Interview Gov). The below chart shows the key 5 themes that's evident
across the data:

Relative Emphasis of Five Benefit Themes Across Evidence Sets

Benefit Theme
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Overall, across all evidence sources there is strong alignment on the benefits: emerging technologies are
seen as key to improving productivity and cost efficiency, enhancing safety and quality, enabling more
innovative design and construction methods, and even contributing to sustainability goals by optimising
resource use (Lit Rev; Google Rev; Survey-Business). Referring to the above chart, the stacked bars reveal a
clear pattern: Efficiency and Safety dominate every evidence stream, accounting for roughly half of all
benefit references, with Cost-reduction forming a solid third pillar — especially prominent in the Google
scan where vendors tout ROI. Quality gains appear consistently but at a lower tier, while Sustainability
benefits are mentioned least, underscoring that environmental arguments still trail productivity narratives
in construction-tech discourse. Overall citation volume tapers from Literature and Google (rich secondary
data) to Surveys and Interviews, reflecting the smaller sample sizes in primary stakeholder inputs.

Yet, it is also universally understood that realising these benefits depends on adoption - an area where the
industry has lagged. In fact, the very presence of these benefits in the discourse (often described in
aspirational terms) underscores a subtext shared by many stakeholders: the technology can deliver, but the
industry must be willing and able to implement it. This mix of optimism about applications and frustration
at slow uptake permeates the findings and leads directly into the challenges discussed next (Survey-Vendor;
Interview Report)

Challenges & Limitations

Capital / Integration &

Evidence Set ROI Skills & Culture Standards Data / Cyber Regulation
Literature Universal Skill shortage & Interoperability Growing but Codes lag
Review blocker resistance top tech barrier under-studied innovation
Google #1 or #2 Workforce/change Legacy-system Rising topic Vendor lobbying
. barrierin 70  management pain frequent post- for faster

Review .

% sources highest code count ransomware standards

High cost = Skills gaps = #1 for  Integration Mixed concern 80 % rate current
SEUCLHGITaM #1 for gov/industry & biggest pain for policy ineffective
Surveys builders & vendors builders

RTOs

Cap-ex and Generational “Extremely Data-sharing Need sandbox

unclear ROI divide; trainer difficult” fears approvals

dominate shortage integration widespread

stories

Despite broad enthusiasm for the potential of construction technologies, each evidence set highlights a
common set of challenges and limitations slowing down adoption. The literature and industry reports both
note that these technologies, for all their promise, face persistent hurdles in practice (Lit Rev). Foremost is
the issue of high upfront costs and uncertain return on investment (ROI). Academic studies frequently cite
substantial capital requirements (for specialised equipment, software licenses, training, etc.) as a major
blocker, especially for smaller firms, compounded by the lack of immediate payback data (Lit Rev). This
financial barrier is echoed on the ground - all stakeholder groups complain that initial investment costs are
prohibitive and hard to justify without clearer evidence of benefits (Survey-Gov). Contractors in the survey
confirmed that high up-front costs are among the most persistent impediments they face (Survey-
Business). In interviews, several participants observed that many builders focus only on the immediate cost
of new tools and “don't consider the long-term benefits,” leading them to shy away from unproven
innovations (Interview Research). This cost vs. payoff dilemma creates widespread hesitation (Lit Rev).

Another near-universal challenge is the misalignment of regulations and standards with emerging methods.
The literature notes that construction codes, contracts and legal frameworks “lag behind technological
advances,” creating uncertainty or outright barriers - for example, building codes may not recognise 3D-

=] BENCHMARK™* July2025 23|Page

business advisory

CONSTRUCTION INDUSTRY TRAINING COUNGIL



DIGITAL BLUEPRINT Emerging Technologies Research Projec

printed structures, or liability rules for autonomous equipment remain ambiguous (Lit Rev). The Google
review likewise found that regulations and standards are struggling to catch up, and this was confirmed by
industry stakeholders who rated the regulatory environment as a significant obstacle (Survey-Gov).
Government and industry body respondents reported that current support programs and approval
processes are often ineffective or outdated when it comes to novel techniques, impeding innovation
(Survey-Gov). All evidence indicates that regulatory lag is slowing adoption of otherwise feasible
technologies.

Integration and interoperability issues form a third major category of limitation. Introducing new digital
tools into existing construction processes and IT systems is rarely plug-and-play. The academic analysis
underscores that “fragmented data systems and legacy infrastructure hinder interoperability” - in other
words, many technologies can't easily talk to each other or fit into companies’ established workflows (Lit
Rev). This challenge was vividly illustrated by stakeholder accounts: one surveyed company cited difficulty
integrating new technologies with legacy systems as a top impediment (Survey-Business), and multiple
interviewees described integration as “extremely difficult” in practice (Interview-Builder). For instance, a
large builder in the interviews noted significant headaches trying to link a new digital platform with its older
project management software - such incompatibilities often lead to manual workaround or abandonment
of the tool. The lack of common data standards and integration frameworks across the industry
exacerbates this problem (Interview Research), a point also raised in research sources which call for more
unified “common data environments.”

Nearly every source also identifies human and organisational factors as critical limitations. A widespread
shortage of digital skills in the current workforce means companies often lack the personnel to implement
and maintain new technologies (Lit Rev; Survey-Gov). Training organisations reported difficulties finding
instructors versed in modern construction tech, reflecting the broader skills gap (Survey-Training). Even
when the technology is available, firms may not have employees with the expertise to fully utilise it. In
addition, an entrenched resistance to change in construction culture is repeatedly cited as a barrier. The
literature refers to “traditional mindsets” and concern over job security that slow the uptake of disruptive
solutions (Lit Rev), and this is strongly mirrored in stakeholder perceptions. In surveys, cultural reluctance
or employee resistance was named as a major obstacle by construction companies and government
stakeholders alike (Survey-Business; Survey-Gov). One interviewee characterised the industry as one that
“doesn’t like change” and is full of “digitally challenged” players who are hesitant to alter familiar ways of
working (Interview Report). Such conservative attitudes and change-management failures pose a
formidable challenge, often undermining technology initiatives even when budget and technical factors are
addressed.

Rounding out the list of challenges, sources mention issues like data security and reliability. As construction
becomes more digitised, the risks of cyber-attacks, data breaches or system failures grow (Lit Rev). Some
industry respondents noted concerns about data privacy and protecting sensitive project information in a
more connected, loT-enabled environment (Survey-Gov). While these concerns are sometimes secondary to
the more immediate cost, integration, and skills issues, they do contribute to hesitation in adopting
technologies that might introduce new vulnerabilities.
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The expanded fly-wheel diagram below captures how six barriers spiral together to stall construction-tech
adoption.

Upskilling

Targeted
Programs Incentives
Cyber Std + Data & Culture/ Exec
ROI Dash Cyber Risk Resistance Champions

Integration

D

Open Standards

& APls

Regulatory

At the core, High Cost, Skills Gap, Integration Pain, and Regulatory Lag feed one another — each barrier
intensifies the next, keeping the wheel turning in the wrong direction. Orbiting this loop are two reinforcing
forces: Culture & Change-Resistance, which dampens appetite for experimentation, and Data/Cyber Risk
with unclear ROI, which undermines organisational confidence. The green arrows point to the proven levers
that can reverse the spin: targeted incentives lower cost, up-skilling programs shrink the talent gap, open
standards & APIs cut integration effort, fast-track policy removes red tape, executive champions shift
culture, and sector cyber standards plus ROl dashboards build trust. Pulling multiple levers together
converts a vicious cycle into a virtuous one, accelerating technology uptake across the industry.

In summary, the research and stakeholder evidence converge on a set of significant limitations holding
back emerging technology adoption. High capital costs (and unclear ROI), lagging regulations, lack of
integration compatibility, shortages of skilled people, and deep-rooted cultural resistance are commonly
cited across all sources (Lit Rev; Survey-Business; Survey-Gov). These interrelated challenges create a
difficult environment for innovation - for example, a company might overcome one barrier (say, budget)
only to be stymied by another (like an incompatible legacy system or an unprepared workforce). The result
is that many promising tools remain stuck in pilot phases or limited deployments. Stakeholders widely
agree that these challenges must be addressed systematically for the industry to unlock the full
benefits of digital construction technologies.
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Workforce Impact: Jobs and Skills

Safety /

Evidence Set Net-Job Outlook New Roles Cited | Upskilling Signals

Ergonomics

Mixed / unresolved BIM manager, Lifelong learning Exoskeletons,

Literature

. drone pilot, data essential robotics,
Review .
analyst, XR trainer wearables
Google S.ame debate: Ao.ld.s "cybgr-lead", Massi\{e up-skilling IgT h.azard alerts
Review dlsplacemgnt Vs “digital twin narrative highlighted
augmentation operator”
Fear of gaps > loss; 18 new digital 95 % RTOs rate VR simulators
Stakeholder vendors predict roles identified staff training popular
Surveys creation; gov flags “extremely
shortages important”
Clear age divide Tech champions, Calls for CPD Positive VR &
XR content devs mandates drone safety
stories

The impact of emerging technologies on the construction workforce is a prominent theme in all evidence
sets, with both opportunities and anxieties recognised. On one hand, technology adoption is driving the
emergence of new specialised roles and skill requirements. The literature notes that construction now
needs roles such as drone pilots, BIM coordinators, Al specialists, cybersecurity leads, and data analysts -
positions that barely existed in the industry a decade ago (Lit Rev). Across technologies, there is a clear shift
underway “from manual to digital competence,” meaning that proficiency with digital tools, data, and
automation is becoming just as essential as traditional trade skills (Lit Rev). This trend was confirmed by
industry observers in the desktop review, which found workforce development is front and centre:
upskilling and the evolution of job roles are universal concerns as companies implement new systems
(Google Rev).

In practice, many organisations are already investing in staff training on BIM software, tablets, or new
machinery, and training providers are updating curricula to include more digital content (Survey-Training).
There is optimism in some quarters that technology will create more high-skill jobs and attract young talent
to an industry that struggles with an aging workforce (Lit Rev). Notably, construction employers in the
survey see digital capability as “now essential for competitiveness,” and they are beginning to hire or
develop talent in IT, data, and other tech domains (Survey-Business). Several interviewees highlighted that
technology innovations like remote-operated equipment or 3D printing could even broaden workforce
participation - for example, allowing people with physical limitations to contribute through operating
drones or running simulations, roles that were not available in a purely manual era (Interview Vendor).

On the other hand, there are significant workforce-related challenges and mixed sentiments about the net
impact on jobs. A widespread worry (especially among practitioners and unions) is that ETs could displace
certain labour segments. The academic findings reflect this ambivalence: some sources predict a reduction
in low-skill jobs due to automation, while others argue that at least as many new jobs (in programming,
maintenance, data analysis, etc.) will be created - and overall, the literature cannot definitively say whether
there will be a net loss or gain in jobs (Lit Rev). In the words of one analysis, “workforce outcomes remain
unclear,” oscillating between fears of job loss and hopes of job evolution (Lit Rev). This tension was echoed
in stakeholder perspectives. Interviews revealed a generational divide in how workers view technology:
younger workers tend to embrace new tools and adapt quickly, whereas many older, veteran workers are
sceptical or fearful that technology might make their decades of experience less relevant (Interview
Research). One interview participant observed that on some job sites there is open resistance from senior
crew who are uncomfortable with tablets or drones, even as junior staff are “digital natives” eager to use
them. This cultural gap creates management challenges - in effect, firms must handle a two-speed
workforce in terms of technology readiness. Indeed, some interviewees suggested that during the
transition we may see a “three-tier workforce” emerge: one tier of traditional workers, one hybrid tier, and
one tech-focused tier, until eventually the whole workforce shifts to modern skillsets (Interview Business).
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A consistent theme is the urgent need for training and upskilling to meet the demands of emerging
technologies. All sources stress that without investment in human capital, even the best tools will
underperform (Lit Rev; Google Rev). The surveys of training organisations and businesses both noted
significant skills gaps - many employees (and even instructors) lack adequate digital skills, and current
training programs are struggling to keep pace with technology (Survey-Training). For example, training
providers reported difficulty recruiting and retaining instructors with expertise in cutting-edge construction
technologies, and they see a need to update curriculum frameworks to include new digital competencies
(Survey-Training). On-the-job training in companies tends to be ad-hoc; some firms rely on software
vendors to train their staff or on tech-savvy individuals internally, which leaves gaps in broader workforce
preparedness (Survey-Business). The government/industry survey also identified skills shortages as one of
the most acute barriers holding back technology adoption nationally (Survey-Gov). In short, there is
consensus that the industry must significantly upgrade its workforce's skills through continuous learning, or
risk having technology outpace the people.

Importantly, many stakeholders view technology as a means to improve workplace safety and labour
conditions, which is a positive workforce impact. Automation of dangerous tasks, use of drones for
inspections, and exoskeletons to reduce physical strain are all cited as ways to make construction work
safer and less back-breaking (Lit Rev). Practitioners acknowledge this benefit: for instance, using drones
instead of manual climbing for high inspections keeps workers out of harm’s way, and companies welcome
the reduction in injuries and insurance incidents as a direct outcome of technology adoption. The literature
specifically highlights that “safer and healthier work environments” are a major upside of new technologies
(Lit Rev), and nearly every stakeholder group agrees that safety tech (whether wearable sensors, automated
shutdown systems, or VR safety training) is a worthwhile investment (Survey-Business; Survey-Vendor).

In summary, the jobs and skills impact of emerging construction technologies is a double-edged sword: it
promises to create new opportunities, higher-skilled roles, and safer jobsites, but it also demands a
significant transformation of the workforce. The evidence points to a future where many traditional roles
will be augmented or replaced by digital processes, requiring current workers to continually upskill and new
workers to enter with more advanced technical education. There is broad agreement across research and
stakeholder testimony that workforce development is both the linchpin and the bottleneck of construction
innovation - it is the area that most needs attention (through training, education reform, and change
management) to ensure technology adoption succeeds without leaving segments of the workforce behind
(Lit Rev; Survey-Training). Managing the human side of technological change - addressing fears, bridging
generational gaps, and investing in people - emerges as one of the critical challenges for the industry’s
future (Interview Research).

Future Outlook: Trends & Trajectories

Mainstream Primary

Evidence Set Priority Tech Clusters Main Caveats

Horizon Drivers

5-10 yr tipping-point  Al-loT-BIM ESG & cost Needs standards

Literature

. convergence, pressures & skills first
Review .
automation
Google Same horizon; hype Al, AR/VR, 3DP, digital Competitive Limited long-
RESia heavy twins survival term ROl data
stakeholder ;’-’Zyglrl\cl)la&drc:g: :;I 67 Maljettfjejtmand, o Fundlgg & F:.rlwldmg and
— g 0 productivity mandates expertise gaps  skills gaps
Pilot-to-scale Prefab/modular, BIM, Policy reform Conservative
trajectory; housing VR safety, Al scheduling momentum funding cultures
crisis catalyst
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Looking ahead, the evidence reveals a generally optimistic future outlook for emerging technologies in
construction, albeit tempered by realism about the pace of change. All sources agree that technology's role
in construction will continue to grow over the next several years. A consistent projection in the literature is
increased integration and convergence of technologies: rather than isolated tools, we will see systems
working in unison - for example, Al analytics drawing on data from loT sensors and feeding into BIM
models or Augmented Reality displays in real time (Lit Rev). This points to a future of more connected, data-
driven construction ecosystems. The academic analysis also foresees the automation momentum building -
robots, autonomous vehicles and Al-based decision-support are expected to take on a larger share of both
site and office tasks, accelerating as technical capabilities improve and costs come down (Lit Rev). Another
anticipated trend is that environmental and sustainability pressures will drive technology adoption - as
green building and carbon reduction targets tighten, firms will increasingly rely on digital tools (for energy
optimisation, material tracking, smart building management, etc.) to meet those requirements (Lit Rev).
Crucially, researchers believe that currently nascent approaches (often trialled in pilots) will reach
mainstream deployment. The literature describes a pattern of “slow start, fast finish” for most technologies:
after a cautious pilot phase, adoption can rapidly scale once the value is proven and familiarity grows (Lit
Rev). This suggests that many technologies currently at the margins of use could become common practice
by the end of the decade, provided early successes are demonstrated.

Stakeholder insights generally align with these projections and add more detail on which technologies are
expected to dominate. For example, the vendor survey revealed unanimous confidence that Artificial
Intelligence (Al) will be a transformative force in the next five years - every surveyed tech supplier identified
Al-driven solutions as a top game-changer on the near horizon (Survey-Vendor). They also heavily endorsed
Virtual and Mixed Reality as rising stars, especially for training and collaboration uses (Survey-Vendor).
Construction companies similarly anticipate that Al, 3D printing, and advanced digital platforms (BIM and
mobile applications) will have the greatest influence in the coming years (Survey-Business). In fact, the
consensus among contractors is that these technologies, along with continued utilisation of project
management software and cloud tools, will shape construction workflows by around 2030 (Survey-
Business). Government and industry body respondents, for their part, all agreed that the sector is currently
“playing catch-up” - with none viewing construction as ahead of other industries - which implies a strong
expectation (or imperative) that the rate of technology adoption must accelerate in the near future (Survey-
Gov). Many of these stakeholders express interest in actively facilitating that acceleration through initiatives
like industry pilot projects, research partnerships and knowledge forums (Survey-Gov). This indicates that
key institutions plan to push for faster uptake and not just passively observe.

The trajectory envisioned by interview participants is also largely positive, focusing on practical steps to
hasten adoption and targeted areas of promise. A number of interviewees highlighted that Australia has an
opportunity to leapfrog in certain areas of need - for example, applying technologies to address the
housing shortage through methods like prefabrication and modular construction (Interview Gov). There is a
forward-looking recommendation to prioritise those emerging technologies that directly tackle the
country’s pressing issues (e.g. modular construction for affordable housing, or digital project management
to improve productivity), suggesting the future will see strategic technology focus rather than technology
for technologies sake (Interview Gov). Interviewees also commonly pointed to the need for pilot projects
and demonstrations in the immediate future: by running more government-supported showcase projects
(for instance, a flagship project built with 3D printing or full BIM integration), the industry can build a local
evidence base and confidence in these methods (Interview Gov). This aligns with the idea that the coming
years will involve moving from experimentation to implementation - stakeholders expect more trials, but
also more widespread deployment once those trials validate results.

Policy and industry collaboration trends were noted as well. The government/industry interviews anticipate
modernisation of standards and procurement processes in the near future - efforts are underway or being
called for to update building codes to accommodate innovations and to incorporate digital requirements in
public tenders (Interview Gov). It is expected that within a few years, regulatory bodies will begin
introducing frameworks for things like BIM standards, drone usage guidelines, or certification for digital
construction methods, which will in turn give companies greater clarity and confidence to invest in
technology (Survey-Gov). Essentially, the governance aspect of construction technology is projected to catch
up, at least partially, to the technology itself (Lit Rev).
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While optimism about the trajectory is high, stakeholders also inject a dose of realism: the transformation is
seen as gradual and not uniform. Many note that the next 3-5 years are likely to still involve a lot of pilot
projects, training, and incremental improvements, with breakthrough adoption possibly occurring toward
the latter part of the decade as generational turnover in the workforce takes effect and as more success
stories emerge (Interview Business). In the interim, the industry might still lag global leaders but is expected
to steadily advance its digital maturity. All parties stress that active effort is required - the positive outlook
will only materialise if companies, educators, and policymakers actually implement the recommended
strategies (Survey-Gov; Interview Report). The consensus future vision is one where construction is far more
digitised, automated, and efficient than today, but reaching that point will involve coordinated change
rather than an organic, overnight shift.

Biases & Limitations in the Evidence

Evidence Set Key Biases / Gaps Mitigation Suggestions

Innovator & vendor skew; little longitudinal Blend with practitioner evidence
data

Literature
Review

Vendor marketing heavy; snapshot risk Timestamp sources; weight against
Google Review others

Small sample size; self-selection of engaged  Run larger wave; treat as qualitative
Surveys players
m 12 organisations only; attribution bias Broaden sample; triangulate

It is important to note the biases and limitations inherent in each evidence set, as they contextualise the
findings. The academic literature review, while comprehensive, is inherently biased toward published
research from early adopters and technology proponents. As noted in that analysis, the dataset had a
“heavy focus on innovators and vendors,” meaning mainstream contractors or sceptical voices were
underrepresented (Lit Rev). This can skew the literature toward highlighting benefits and possibilities more
than day-to-day realities. Moreover, both the literature and Google-source analyses had to group very
diverse technologies into broad categories, which blurs important differences - for instance, treating all
“drones” or all “Al" as one bucket can gloss over specific challenges or maturity levels within those
categories (Lit Rev). Many research claims also relied on short-term case studies or projections rather than
long-term empirical data, since truly longitudinal evidence is scarce in this fast-moving field (Lit Rev). The
Google desktop review faced similar issues: it over-sampled vendor marketing content and industry press
releases, given those are abundant online (Google Rev). Frontline worker and client perspectives were
largely missing from that dataset (Google Rev). Additionally, the Google findings are essentially a snapshot
as of late 2024 and early 2025 - in such a rapidly evolving domain, some information may already be
outdated or overtaken by events (Google Rev). All this means the research and online discourse could paint
a somewhat optimistic or uniform picture that might not fully capture on-the-ground variability.

The stakeholder surveys have their own limitations primarily due to low response rates and sample sizes.
Despite broad outreach efforts, the number of respondents was modest in each category: e.g. only 3
vendor companies, 4 construction companies, 10 government/industry bodies, and 20 training
organisations completed the surveys (Survey-Vendor; Survey-Business; Survey-Gov; Survey-Training). These
small samples are not statistically representative of their entire sector. There is likely a self-selection bias -
those who chose to respond may be the more technologically engaged or interested organisations,
whereas many who did not respond might be precisely those lagging or disinterested in technology
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(Interview Report). Indeed, the extreme difficulty in getting participation (only 37 total survey responses out
of hundreds of invitations) was flagged as a finding in itself, suggesting a general apathy or reluctance in the
industry to even discuss technology (Interview Report). Thus, the survey results probably overweight the
perspectives of relatively proactive stakeholders and may underrepresent the degree of outright resistance
or lack of awareness in the wider population. Furthermore, with such small numbers, the survey data
cannot be used to generalise or perform rigorous quantitative analysis - the value is more in the qualitative
insights. There may also be some response bias in that respondents could have painted a rosier picture of
their own efforts (especially on questions like digital maturity) or, conversely, vented about barriers
expecting support. We must interpret their statements in that light.

The interviews, while richly informative, share similar representativeness issues. Only 12 organisations were
interviewed in total, across five stakeholder categories (Interview Report) (despite dozens of invitations).
This means many perspectives are absent - for example, only two large builders participated, so we mainly
hear from them and not from small contractors. Additionally, interviewees might have their own agendas
or blind spots: a vendor might blame industry culture rather than their product’s shortcomings, a builder
might downplay workforce resistance to avoid appearing behind, etc. The “disconnected ecosystem” noted
in the findings - where vendors and builders each fault the other - hints that each stakeholder may
externalise blame for slow adoption (Interview Vendor; Interview Research). This kind of attribution bias is
important to recognise. Moreover, interviews are qualitative and subject to the interpretation of the
analysts. It was noted that certain comments indicated tensions or issues (like fear of transparency) that not
all participants may have explicitly agreed on - the analysis synthesised these, but there is always a risk of
researcher bias in interpreting interview data. Finally, both the survey and interview phases have a timing
and regional limitation: they capture a 2024-2025 Australian context. The situation could be different in
other countries or evolve quickly if, for example, a major policy change or a market event occurs after the
data collection.

In summary, while the triangulation of literature, industry content, surveys, and interviews give a robust
overall picture, we must be cautious about these limitations. The research literature skews toward the
optimistic and theoretical, the industry content can be vendor-driven, and the stakeholder inputs, due to
low participation, likely reflect the more engaged minority. The very lack of engagement by a majority of
industry players (a finding in itself) suggests that the reality on the ground might be even more challenging
than the engaged stakeholders portray. Recognising these biases helps temper our conclusions: for
instance, when we say there is consensus on an issue, that consensus is among those who have voiced an
opinion - there may be a silent group who would dissent. Where we highlight benefits or successful case
studies from literature, we remember that unsuccessful attempts often go unreported. Overall, the
evidence base, though the best available, is not fully comprehensive. Continued research, broader surveys,
and ongoing validation will be needed as the technology landscape and industry attitudes evolve.

Cross-Cutting Themes: Consensus and Tensions

Theme Where Perspectives

What All Four Angles Agree On Typical Flashpoints

Category Begin to Diverge

Productivity-gains, cost- Speed of realised Vendors quote high ROI

Benefits &

S avoidance, improved safety, gains; magnitude of now; builders want proof

Applications better quality, greener outcomes RO first

High capex, digital-skills Which barrier is SMEs emphasise cost,
Barriers & shortage, legacy-system primary; who should government bodies
Limitations integration, regulatory lag, pay to fix it emphasise skills

change-resistance
Workforce Need for up-skilling, rise of new  Job-loss vs job- Labour unions worry
Impact tech-centric roles evolution narrative about displacement;
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vendors emphasise
augmentation

Digital transformation is Adoption pace; order  Start with “ready” tech (Al,
Fut.ure inevitable; 5-10 y convergence of  of technology waves drones) vs big-bang
Trajectory data-rich tools strategy

Skills programs, pilot-to-scale Funding mechanisms;  Grants vs tax offsets;
Strategic demos, cross-sector degree of national vs state
Levers collaboration, modernised government standards

standards, targeted incentives intervention

Bringing all the evidence together, we observe some clear consensus points across the board, as well as
notable tensions that reveal where perspectives diverge. On the consensus side, there is near-universal
agreement on the importance of embracing emerging technology in construction. From professors to
contractors to policymakers, almost everyone agrees that increasing digitalisation and innovation is “non-
negotiable” for the industry’s future competitiveness (Lit Rev). The fundamental value of technologies - in
improving efficiency, safety, quality, etc. - is not in dispute. Indeed, one of the strongest shared beliefs is
that doing nothing is not a viable option if the sector is to solve chronic issues like low productivity and
safety incidents (Survey-Business; Survey-Gov). There is also consensus that certain key enablers must be in
place: virtually all sources emphasise the need for a skilled workforce and clear standards/frameworks as
critical to success (Lit Rev; Survey-Gov). Another broad agreement is around safety and risk reduction -
stakeholders repeatedly cite improved safety as a major benefit of technology, indicating a shared priority
on protecting workers (Lit Rev; Survey-Business). Finally, the notion that collaboration is vital comes up
everywhere: everyone agrees that no single part of the industry can go it alone in this transformation - it
requires cooperation among companies, educators, and government (Lit Rev; Survey-Training).

Where tensions arise is often in how to achieve these goals and how fast to move. One prominent tension
is the pace of adoption. Technology providers and innovation enthusiasts urge rapid, proactive adoption to
gain early benefits, whereas many practitioners counsel a more cautious, incremental approach - they
worry about unproven solutions and want to see more evidence before fully committing (Google Rev). This
manifests as a push-pull dynamic: “Vendors push urgency; practitioners warn of inertia,” as one analysis
succinctly noted (Google Rev). Relatedly, there is a tension between the short-term costs and long-term
gains. Financially, firms are “stuck between high costs now and potential (but delayed) benefits” (Lit Rev).
Management and owners feel pressure on quarterly margins, making them hesitant to invest now for
savings that might accrue years later - yet strategists argue that without investing, firms will fall behind.
This is essentially a stalemate in some companies, reflecting a classic ROI tension that came through
especially in interviews with builders (Interview Research).

Another area of diverging views is the impact on jobs. While everyone agrees training is needed, opinions
differ on whether technology will ultimately create jobs, redefine them, or eliminate them. As discussed,
some stakeholders (often technology proponents) highlight job evolution and new opportunities, whereas
others (often worker representatives or sceptics) fear significant job displacement. This tension wasn't hotly
debated in surveys - likely due to the small samples - but in the literature and interviews it's acknowledged
as an unresolved question (Lit Rev). The “displacement vs. augmentation” debate underlies many workforce
conversations and influences how aggressively different groups support automation.

There are also inter-group frictions exposed in the stakeholder evidence. The “disconnected ecosystem”
mentioned in the interviews is a prime example: technology vendors felt that builders “don’t understand or
want to try new solutions,” while builders felt vendors “push products without understanding our real on-
site problems” (Interview Vendor; Interview Research). This points to a lack of trust and communication
between solution providers and end-users - each perceives the other as part of the problem. Similarly,
some government/industry representatives indicated that construction firms can be opaque or resistant to
external input, while industry players sometimes view government programs as ineffective - a subtle
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tension about where leadership should come from in driving change. Additionally, within organisations, a
tension exists between innovation champions and traditionalists. Many companies have a few individuals
eagerly piloting technologies while others in the same firm resist adoption, leading to internal discord on
technology strategy (Interview Research).

Finally, data and transparency tensions deserve mention. As the Google review noted, increased data
sharing and integration could greatly benefit projects, but there is fear about intellectual property and
privacy (Google Rev). Interviews provided concrete examples: some technology providers complained that
builders and developers often view “technology transparency as threatening rather than beneficial,”
worrying that sharing too much data (for example, about project performance) could be used against them
(Interview Vendor). This highlights an underlying trust issue - while collaboration is the ideal, the reality is
stakeholders are cautious about data openness, which in turn can slow down fully leveraging tools like
digital platforms that require multi-party data exchange.

In summary, the shared vision is that construction needs to modernise through technology - on this, there
is consensus. However, friction lies in the details and human factors: speed vs. caution, who bears cost vs.
who reaps benefit, protecting jobs vs. automating tasks, and bridging the gap between different
stakeholders’ mindsets. These tensions are not contradictions so much as polarities to be managed. The
evidence suggests that acknowledging these divergent viewpoints is crucial - any implementation plan
must address the concerns of the cautious as well as harness the energy of the innovators. The consensus
gives a common ground to start from (everyone wants a better, safer, more efficient industry), and the
tensions highlight the areas that require careful strategy and negotiation as the sector navigates its digital
transformation.




QEEEPRET O N 2endations

The recommendations that follow translate the report’s evidence base — 342 peer-reviewed
papers, 970 industry-scan sources, 37 survey responses and 12 in-depth interviews — into
practical, actionable levers for businesses, industry bodies, unions, government agencies and
training providers. Each recommendation appears only where multiple data streams converged,
ensuring that every proposal reflects both rigorous research and lived experience on Australian
projects. Collectively, they address the sector's most pressing challenges: stubbornly low
productivity, acute labour and skills shortages, rising project-cost pressures, persistent safety
risks and the imperative to meet net-zero commitments. By focusing on the people, processes
and policies needed to embed emerging technologies at scale, the recommendations provide a
roadmap for lifting performance across the board.
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For clarity and ease of implementation, the recommendations are grouped into nine strategic levers. Each
lever opens with a narrative overview and then breaks into sub-sections that spell out concrete actions
stakeholders can take — whether modernising curricula, reforming procurement models or launching
flagship pilot projects. The sequence follows a logical change journey: building human capability, proving
concepts, enabling collaboration and governance, de-risking investment, and sustaining momentum
through robust measurement and long-term planning. While presented in a deliberate order, many of
these actions are mutually reinforcing and can — indeed should — be pursued in parallel to accelerate
impact.

Nine Strategic Levers at g Glance

To help readers orient themselves before delving into the detailed write-up, the table below summarises
the nine levers and highlights where stakeholder emphasis was strongest. This overview distils overlapping
ideas into a single, coherent framework, allowing decision-makers to focus on headline priorities without
losing sight of complementary enablers such as change management, collaboration and digital-risk
mitigation.

Relative
Strategic Lever Core intent emphasis in
evidence*
Build a tech-ready workforce through
Invest in Skills and Training modernised curricula, CPD and shared training Highest
hubs.
Run Pilot Projects and Generate local proof-of-concept and codify High
Demonstration Programs lessons for scale-up. &
Foster Collaboration and Break down silos via multi-stakeholder hubs, High
Partnerships vendor-training links and mentorship networks. &
Modernise Regulations and Align codes, procurement and certification with Highest
Standards emerging technologies. &
Provide Financial Support and De-risk adoption through grants, tax measures Moderate
Incentives and gain-sharing contracts.
Embrace Change Management and Embed structured change programs and visible High
Leadership executive sponsorship. &

Address Digital Risks Proactively ler:/teer%lrgti;tcglbjer:?g;;?a tp rivacy and ethics into Moderate

Standardise impact measurement and share

: Moderate
case-study proof points.

Develop ROI Metrics and Evidence

Plan Long-Term Technology Create organisational and national pathways

. o Moderate
Roadmaps that outlast project and political cycles.

*"Relative emphasis” reflects the frequency and strength of stakeholder references across surveys,
interviews and literature.
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Detailed Discussion of the Nine Strategic Levers

IMPORTANT NOTE: Benchmark Business Advisory and the Construction Industry Training Council
(CITC) have distilled the following recommendations directly from the aggregated evidence base.
They reflect BBA and CITC's endorsed, data-driven interpretation of the findings, but should not be
regarded as formal policy statements of the external funding partners.

LEVER 1: Invest in Skills and Training - The construction industry must dramatically enhance
skills development to create a tech-ready workforce. Stakeholders across the board urge modernising
education curricula in vocational and university courses to include emerging technologies, while also
expanding continuous professional development (CPD) for current workers. This includes integrating digital
tools like BIM, Al and robotics into training programs and even introducing technology concepts in
secondary schools to inspire future talent. The consensus is that human capacity-building is the foundation
for successful technology adoption - without well-trained people, even the best innovations will falter.
Industry and educators are called on to work together to update qualifications and licensing requirements
(such as mandating technology competencies in trades), ensuring the workforce can confidently deploy
new methods. This recommendation reflects the survey and interview feedback that training packages are
lagging years behind and urgent action is needed to bridge the skills gap.

Modernise education pathways
Australia’s RTOs, TAFEs and universities should embed ETs such as BIM, data analytics and robotics into
core units rather than treating them as optional electives. Rapid curriculum-refresh cycles and co-designed
modules with technology vendors will keep content aligned to industry practice. Embedding ET components
into apprenticeship frameworks ensures trade pathways evolve in lockstep with site technologies,
preventing a skills lag at the entry level.

Continuous professional development

CPD requirements linked to licence renewal can guarantee that practising trades and professionals remain
current. Micro-credential courses targeted at specific tools — such as drone surveying or digital-twin asset
management — offer flexible upskilling without removing workers from site for extended periods. Train-
the-trainer programs help experienced staff become multipliers, cascading knowledge through their crews.

Early-pipeline talent initiatives

Introducing immersive “tech-taster” sessions in Years 7-10 demystifies construction technologies and
broadens the future talent pool. Pre-apprenticeship VR modules allow students to experience tasks like
steel-fixing or crane operation safely, improving career matching and reducing early dropout rates. Such
exposure also boosts the sector’s attractiveness to digitally native students who might otherwise overlook
construction.

Shared training infrastructure

Regional technology hubs equipped with VR simulators, collaborative robots and mixed-reality headsets
give SMEs access to advanced kit without prohibitive capital outlay. These hubs can be co-funded by
government and industry, host accredited short courses and act as demonstration venues for local
contractors. A booking-system model ensures fair access and maximises utilisation.

LEVER 2: Run Pilot Projects and Demonstration Programs - To overcome scepticism
and refine new approaches, the sector should greatly expand pilot projects and demonstration initiatives.

Participants recommended launching more flagship projects - for example, government-funded trials of 3-
D-printed homes, full BIM workflows or robotic equipment on real construction sites - to serve as proof-of-
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concept case studies. By visibly showcasing technology in action under local conditions, these pilots provide
tangible evidence of benefits like faster delivery or improved safety, helping to convince conservative clients
and contractors. Stakeholders noted that many technologies remain stuck in “pilot purgatory,” and that
strategic, well-supported demonstrations can build confidence and know-how for wider rollout. The goal is
to move from isolated experiments to enterprise-scale adoption - using sandboxes, test beds and trial
projects to work out kinks, develop best practices and create Australian examples of success that others
can learn from.

Flagship demonstration projects

High-profile pilots on publicly funded projects — such as modular, off-site bathroom pods for social-
housing blocks, 3-D-printed bridge components or robotic rebar-tying on a major highway upgrade —
create national reference points. Publishing cost, schedule, waste-reduction and safety data builds a
persuasive evidence base while allowing regulators to observe real-world performance and fine-tune
approvals for novel methods.

echnology show s and libraries

Mobile demonstration trailers fitted with AR headsets, drones and sensor arrays can tour regional centres,
giving contractors hands-on exposure. Equipment-loan “libraries” could allow firms to trial technology for
several weeks, lowering purchase risk and gathering user feedback that feeds product improvement.

m
®
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Every pilot should conclude with a plain-language case-study pack detailing objectives, challenges, costs and
measurable outcomes. A central, open-access repository enables quick cross-project comparison and
prevents duplicated learning efforts, accelerating broader adoption.

LEVER 3: Foster Collaboration and Partnerships - Breaking down silos is seen as critical
to accelerating innovation. A recurring recommendation across literature, surveys and interviews is to
strengthen collaboration between builders, technology vendors, training institutions, industry and
government bodies. This could take the form of multi-stakeholder technology forums, advisory panels or
consortiums where these groups co-design solutions and share knowledge. For example, industry and
educators can jointly update curricula so training matches real-world needs, or multiple companies can
pool resources to set up a shared “technology hub.” Survey respondents and interviewees described the
construction sector as fragmented, with many “knowledge silos” and duplicated effort. By working together
- through formal partnerships, information-sharing networks and mentor programs - the industry can
leverage collective expertise and reduce costs and risks for individual players. Collaboration is especially
important for smaller firms that lack R&D capacity, allowing them to tap into wider industry initiatives. The
strong consensus is that no single organisation can drive true digital transformation alone; progress
requires an aligned, coordinated effort across the value chain.

Multi-stakeholder hubs and working groups

Regional or national “innovation labs” bring together contractors, suppliers and researchers to prototype
solutions and draft pre-standard documents. Regular forums encourage candid lessons-learned exchanges,
turning isolated breakthroughs into sector-wide best practice.

Vendor—training partnerships

Formal memoranda of understanding (MOUs) can grant training providers early access to prototype
hardware or beta software, ensuring curricula remain future-focused. Vendors benefit through rapid
feedback loops, while students gain experience on the latest tools, making them more employable.
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Champion and mentorship networks

Technology-champion schemes recognise early adopters who can coach peers and present at industry
events. Structured mentorship pairs a digitally mature firm with an SME, guiding project selection, vendor
negotiation and implementation planning, thus de-risking initial adoption.

LEVER 4: Modernise Regulations and Standards - Outdated regulations, codes and
standards are consistently identified as a barrier to innovation, so reforming them is a top priority.
Stakeholders recommend that government aligns policy and regulations with technological advancements
rather than letting rules lag years behind practice. This involves updating building codes and compliance
standards to accommodate new methods like 3-D printing, prefabrication and robotics, so these methods
aren't held back by red tape. Procurement processes should also be overhauled: several interviewees
argued that the prevailing “lowest bid wins” model discourages investment in quality and training. Instead,
government procurement can be used as a lever to demand innovation - for instance, by requiring digital
collaboration (BIM, digital twins) on public projects or favouring contractors who demonstrate technology
capabilities. Regulators are urged to work closely with industry in crafting flexible, performance-based
standards (rather than rigid rules) that ensure safety and quality while still encouraging experimentation.
Ideas like regulatory sandboxes were frequently raised, allowing innovators to pilot new approaches (e.g.
automated machines or novel materials) on a limited scale under regulatory supervision. Additionally,
national consistency is important: a unified framework across states and territories for things like digital
building approvals or off-site construction certification would give companies clarity and scale. Modernising
the regulatory environment will remove unnecessary roadblocks and in fact actively pull the industry
forward - creating standards and codes that set expectations for digital best practice, rather than reacting
after the fact.

Update codes and compliance frameworks

Fast-tracked code amendments should reference performance outcomes (strength, fire resistance, safety)
rather than prescribing specific materials or processes, giving room for innovation while safeguarding
quality. To unlock the full benefits of off-site manufacturing, the National Construction Code should also
establish a streamlined certification pathway for factory-built modular elements, ensuring they can be
approved once at the point of manufacture rather than repeatedly inspected on every project.

Reform procurement ana contraclt models

Two-stage tenders that score bidders on digital capability, alongside price and safety, incentivise investment
in technology. Model contract clauses can share efficiency gains between clients and contractors, ensuring
mutual benefit.

National certification and licensing reforms

A Construction Technology Certification Framework would align state and territory regulators, providing
clear pathways for approving 3-D-printed elements or autonomous equipment. Consistency reduces
compliance costs and simplifies cross-border operations.

Regulatory sandboxes

Temporary exemptions let innovators test advanced methods at limited scale under close monitoring.
Sandbox findings feed accelerated code updates, ensuring standards evolve with validated practice.

LEVER 5: Provide Financial Support and Incentives - The high upfront cost of many
emerging technologies means adoption will stall without financial incentives. Both industry practitioners
and technology suppliers call for expanded government programs to de-risk investment in innovation -
especially for small and medium-sized enterprises (SMEs) that lack capital. Recommended measures
include grants or co-funding schemes to help purchase expensive equipment (for example, subsidising
advanced manufacturing gear or VR training suites) and tax incentives or accelerated depreciation for
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companies that adopt productivity-enhancing technologies. Several stakeholders pointed out that similar to
past government support for construction safety or sustainability, targeted innovation funds could catalyse
uptake of digital tools. Alongside public funding, client incentives can play a role: contractual mechanisms
that reward contractors for adopting efficiency-boosting tech or achieving digital milestones on projects.
The underlying principle is to share the financial risk of trying new methods - so that early adopters are not
penalised for leading the way. Stakeholder surveys noted that quantifying the return on investment (ROI) is
also key here: businesses need clear evidence that spending on technology will pay off. By lowering costs
and highlighting benefits, financial incentives can stimulate an industry-wide upgrade, ensuring even
resource-constrained firms participate in the digital transformation.

Government grants and tax incentives

Capital grants and accelerated depreciation schedules lower purchase barriers for equipment such as
collaborative robots, automated bricklayers or laser-scanning rigs. Competitive grant rounds can prioritise
technologies that address national challenges like housing supply or emissions reduction.

Client and contractuzal incentives

Contracts can incorporate gain-share clauses that split cost savings from technology-driven efficiencies
between client and contractor. For example, milestone bonuses tied to delivering digital twins or achieving
a real-time progress-tracking regime may encourage early adoption.

lraining and equipment funds

Dedicated innovation funds can subsidise shared hub fit-outs, covering high-cost items like VR simulators,
while also underwriting places in accredited upskilling courses for SMEs who cannot self-fund training.

LEVER 6: Embrace Change Management and Leadership - Technical upgrades must
be paired with a cultural shift led by strong change management. Construction is known for its traditional
mindset - “this is how we've always done it” - and many employees, particularly veteran staff, are wary of
new tools. To counter this, the industry needs visible leadership from the top and structured change
management programs to guide the workforce through the transition. Interviewees recommended
appointing technology champions within organisations - respected staff who advocate for new systems and
mentor others - as well as providing change management training for executives and project managers so
they have the skills to implement innovation strategies. It's also important to communicate the purpose and
benefits of new technologies clearly to workers, to reduce fear that “robots will replace jobs” or that
decades of know-how will be disregarded. Several company case studies show that when leaders actively
endorse a technology (for example, using drones for site monitoring) and involve employees in its rollout,
adoption rates improve significantly. Furthermore, addressing the generational divide is crucial: younger
workers may quickly embrace digital tools, whereas older workers often need extra support and
reassurance. Mentoring programs that pair tech-savvy younger staff with experienced older colleagues can
help bridge this gap, creating a two-way learning street. Across the data, stakeholders believe that change
has to be managed, not just mandated - it requires a deliberate strategy of building buy-in, providing
training, celebrating quick wins, and reinforcing a culture where continuous improvement is valued. With
strong leadership setting the tone and employees engaged rather than alienated, technology initiatives are
far more likely to succeed.

Leadership and executive engagement

C-suite technology briefings and site-walks showing real-world technology benefits help leaders champion
change authentically. Visible executive support legitimises new processes and reassures staff that digital
adoption is a strategic priority, not a fad.

Structured change-management frameworks
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Clear, staged implementation plans — awareness, pilot, scale-up — give employees confidence that
disruption will be managed. Communication campaigns should pair success metrics (e.g. injury reduction)
with human-interest stories to make benefits tangible.

Champion and recognition programs

Recognising “digital trailblazers” through awards or career progression signals that tech proficiency is
valued. Champions act as local support, troubleshooting issues and modelling desired behaviours, which
accelerates peer adoption.

LEVER 7: Address Digital Risks Proactively - As construction becomes more digitised, it
must not neglect the new risks that come with connected technology. Experts caution that issues like
cybersecurity, data privacy and digital ethics should be built into adoption plans from the outset, not
treated as an afterthought. A data breach in a BIM system or a hacked piece of smart equipment on site
could not only cause project delays but also erode trust in all digital initiatives. Therefore, the
recommendation is to implement robust IT security measures - secure networks, access controls, data
encryption and regular security audits - whenever new systems are introduced. Companies should
establish clear policies on data use and protection, and train staff in basic cyber hygiene (much as they train
for physical safety). Industry groups have even called for guidelines specific to construction, sharing best
practices on protecting sensitive project information. Addressing digital risk also means considering ethical
implications (for example, who owns and can use the data collected on a project?) and ensuring compliance
with privacy laws when deploying tools like cameras or tracking devices. The overarching message from
stakeholders is that “security and ethics must keep pace with innovation” - by being proactive about digital
risk management, the industry can avoid costly incidents and maintain stakeholder confidence in
technological solutions.

Cybersecurity and data protection standards

Implement multi-factor authentication, role-based access and encrypted data lake storage for BIM models
and progress-tracking feeds. Annual penetration tests and third-party audits provide independent
assurance to clients and regulators.

Ethical and privacy frameworks

Define data ownership in contracts, distinguishing between client asset data and contractor process data.
Clear policies on camera use, facial recognition and location tracking ensure compliance with privacy laws
and sustain worker trust.

LEVER 8: Develop ROI Metrics and Evidence - Time and again, industry voices and the
various literature and websites we reviewed stressed the need to better prove the value of emerging
technologies. Many construction firms remain unconvinced about new tools because benefits are not
measured or communicated in terms that resonate commercially. To change this, it's recommended that
standard metrics and evaluation methods be established to quantify the impact of technology adoption.
For instance, companies and industry bodies could develop common KPIs to capture productivity gains,
error reduction, safety improvements, and other tangible outcomes from using a given technology. Having
agreed metrics would allow apples-to-apples comparisons and help build a business case that executives
and clients can trust. In parallel, stakeholders advocate for compiling and sharing detailed case studies that
document real project experiences - both successes and lessons learned. These case studies serve as
practical evidence, showing how, say, a digital collaboration platform saved 10% on rework costs, or how
drone surveys cut surveying time by two-thirds. A few vendors noted that being able to “demonstrate ROl in
quantifiable terms is key to overcoming client scepticism.” Currently, many decisions are made on gut feel
or not made at all due to uncertainty. By rigorously tracking results on pilot projects and early
implementations, and then disseminating those findings across the industry, construction can build a
robust evidence base. This recommendation reflects a broad consensus: when the benefits of innovation
are clearly proven with data, it greatly accelerates acceptance and investment.
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Standard evaluation frameworks

An industry-endorsed ROI template should capture direct benefits (labour hours saved) and indirect gains
(injury reduction, carbon savings) in a uniform format. Aligning metrics allows benchmarking across
projects and technologies.

Case studies and benchmarking

A curated, open-access case-study library helps firms find relevant analogues quickly. Benchmark
dashboards showing average cost-savings by technology type build confidence in investment decisions.

Data analytics and reporting standards

Real-time dashboards turning loT and site-sensor data into actionable insights enable continuous
performance improvement. Common data schemas simplify aggregation of results across multiple projects
and tools.

LEVER 9: Plan Long-Term Technology Roadmaps - Many stakeholders observed that
while day-to-day pressures dominate construction, a longer-term strategic vision for technology is needed.
They recommend developing comprehensive technology roadmaps at both organisational and industry
levels. For individual firms, this means plotting out a multi-year plan of which technologies to pilot, adopt
and scale up, aligned with business goals (rather than ad-hoc adoption on a project-by-project basis). At the
industry level, government and peak bodies can collaborate to outline national priorities - for example,
identifying which emerging technologies hold the most promise for Australia’s specific challenges (like
modular construction for housing affordability) - and ensuring support is directed accordingly.

A key part of this is coordination across different agencies and jurisdictions: interviewees from government
noted that efforts are often fragmented, so a unified framework or construction technology coordination
body could help align initiatives and share knowledge nationwide. Another aspect is ensuring continuity
beyond political and economic cycles. Short-term thinking was cited as a major hindrance to sustained
innovation; to counter that, roadmaps should extend beyond election terms and include recurring reviews
to adjust course as technologies evolve. Essentially, this recommendation calls for proactive planning:
rather than reacting to technological trends as they come, the industry should continuously scan the
horizon (through technology monitoring programs and international benchmarking) and be ready with
structured plans to integrate promising developments. By having a long-term roadmap, Australia’s
construction sector can move forward with purpose and avoid the boom-bust pattern of isolated pilot
projects that never translate into wider change. It provides the sector with a clear direction, targets to aim
for, and a mechanism to track progress in its digital transformation journey.

N

Organisational roadmaps

Each firm should map technology adoption over three- to five-year horizons, aligning pilots to business pain
points and budgeting for incremental scale-ups. Annual reviews ensure roadmaps evolve with project
learnings and market shifts.

National coordination and planning

A cross-jurisdictional taskforce can harmonise standards, seed joint demonstration projects and streamline
grant programs, creating a coherent national trajectory that maximises economies of scale.

Continuous horizon scanning

An industry-led observatory can track global breakthroughs, publish trend briefs and host quarterly
foresight workshops, ensuring Australia remains agile and avoids technology lock-in.
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Implementation and Governance

Emerging Technologies Research Project

Effective rollout of the nine strategic levers hinges on clear ownership, coordinated oversight and
transparent progress tracking. To that end, the report proposes establishing a National Construction
Technology Coordination Group (NCTCG) as the singular governance umbrella for all recommendations.
The NCTCG would not “do the work” itself; instead, it would set direction, broker collaboration and hold
stakeholders to account, while day-to-day delivery sits with the organisations best placed to act —
government regulators, peak industry bodies, training providers, contractors, clients and technology

vendors.

Mandate and structure of the NCTCG

Formed by agreement between Commonwealth and state and territory agencies, the NCTCG would
comprise senior representatives from government departments, building regulators, peak contractor
associations, training councils, research institutes and major client bodies. Meeting quarterly, the group

would:

e endorse and periodically refresh the national construction-technology roadmap;

e issue policy steering notes that align code updates, procurement reforms and grant programs
across jurisdictions;

e monitor progress on each lever via a public “Digital Construction Progress Index”; and

e convene swift working groups or regulatory sandboxes when innovators need coordinated
approvals or policy clarity.

A small secretariat, seconded from an existing agency (to avoid unnecessary overhead), would manage
agendas, publish guidance and curate the case-study repository.

Lever-specific working groups

NCTCG role Likely delivery leads

1. Invest in Skills and
Training

2. Run Pilot Projects and
Demonstration
Programs

3. Foster Collaboration
and Partnerships

4. Modernise
Regulations and
Standards

5. Provide Financial
Support and Incentives

6. Embrace Change
Management and
Leadership

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

Endorse national skills roadmap; set update
cadence for curricula.

Coordinate flagship-pilot funding across
jurisdictions; maintain central case-study
repository.

Convene cross-sector working groups; broker
MOUs between vendors and training
providers.

Issue policy steering notes; oversee “sandbox”
approvals pipeline; monitor code-update
progress.

Advise Treasury/industry departments on
grant design; track uptake by SME segment.

Publish guidance on change-management best
practice; track uptake of champion programs.
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RTOs / TAFEs, universities, industry
skills councils.

Client agencies, tier-one builders,
technology vendors.

Peak industry bodies (MBA, CCF),
vendor associations, education
alliances.

State and territory building
regulators, Standards Australia
committees.

Federal & state/territory funding
agencies, major banks (loan
products), insurers.

Contractors, advisors/consultants,
asset owners, HR institutes.
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7. Address Digital Risks a|ntfa|n |n<.:lus'try cyber-risk guidelines ustCyber, ‘O ‘C specialist cyber
. coordinate incident-response knowledge- consultancies, insurers.
Proactively .
sharing.
. Approve standard ROI template; host KPI Construction economics
8. Develop ROI Metrics dashboards on a public portal. researchers, QS bodies, chartered
and Evidence accountants.
9. Plan Long-Term Update n§t|onal roadmap_ biennially; align NCTCG secretariat (with input from
state/territory plans; publish progress all members).

Technology Roadmaps

scorecard.

For each of the nine strategic levers the NCTCG would establish an expert working group —skills, pilots,
collaboration, standards, finance, change management, digital risk, ROl evidence and road-mapping. These
task-focused teams would prepare detailed implementation plans, budget bids, KPIs and quarterly status
updates. For example:

e  Skills Working Group — chaired by an industry skills council, charged with updating RTO curricula
and expanding CPD micro-credentials.

e Pilots & Demonstrations Working Group — led by a tier-one client agency, responsible for selecting
flagship projects and ensuring results are captured in the national case-study library.

e Regulation & Standards Working Group — co-chaired by Standards Australia and a state/territory
building authority, overseeing National Construction Code amendments and sandbox trials.

Transparent progress tracking

To keep momentum high and celebrate success, the NCTCG would publish an annual progress scorecard.
Headline indicators might include the number of accredited ET training modules delivered, pilot projects
completed, regulatory amendments enacted and capital-grant uptake by SMEs. Equally important, the
scorecard would highlight bottlenecks — such as delayed code updates or under-subscribed funding
streams — triggering targeted intervention from the relevant working group.

Implementation timeline

Months 0-6
Constitute the NCTCG, ratify terms of reference, appoint chairs for each lever working group and develop
baseline KPIs.

Months 618

Roll out priority quick wins — update CPD frameworks, launch the first tranche of flagship pilots, open a
regulatory sandbox for 3-D printing and publish the inaugural Digital Construction Progress Index.

Year 2 onward
Refresh the national roadmap biennially, expand regional training hubs, scale proven pilots to commercial
deployment and progressively raise code requirements to lock in digital best practice.

By combining high-level coordination with distributed delivery, the NCTCG model ensures that each
recommendation is pursued by the most capable actors while all efforts remain aligned to a single,
nationally consistent transformation agenda.
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Detailed Methodology

This section sets out, step-by-step, how we used Google searches and Al tools to map the Australian
construction industry’s emerging-technology (ET) landscape. The goal is to be transparent enough for
another team to replicate the work, yet plain enough for a non-technical reader to follow.

1. Search-phrase design

What we did Why it mattered

. Listed nine candidate phrases that combined Captured every angle we might
CCLEIEIUEER T each ET with three focus areas — currentuse,  need before cutting the list

phrases) future outlook, and training. down.
2. Comparative Compared the nine phrases for clarity, overlap  Removed redundancy and
review and Google “noise”, then merged similar ones.  increased precision.
Kept the three clearest, high-yield phrases: Balanced breadth (industry,
1. “insert ET in the construction and building future, training) with manageable
. . industry Australia” search volume.
SSSUEIRUCIRIEES ) “The future of insert ET in the construction and
(3 phrases) building industry Australia”

3. “insert ET training in the construction and
building industry Australia”

Substituted 16 ETs (e.g., Al, robotics, AR/VR) Ensured uniform coverage of
4. Query into the three phrases — 48 unique Google every technology across the
generation queries. same three lenses.

2. Collecting Google results

1. Platform and scope - All searches ran on google.com.au (desktop), capturing organic results
only.

2. Depth - We inspected the first two result pages for each of the 48 queries; testing showed that
page 3 rarely added new, high-quality sources.

3. Data recorded per hit:

o URL
o Source type (Vendor, News, Government, etc.)
o Any vendor / organisation names mentioned in the snippet or title

4. Logging - Every entry was saved directly into a shared Google Sheet with search date-stamps for
traceability.

5. VYield - This produced 970 distinct URLs spanning ten source-type categories.
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3. Website-content extraction with Perplexity. Al

™ S T

Prompt Wrote an initial extraction prompt in GPT-40. GPT-40
drafting

Ran ten random URLs through Perplexity using that prompt; noted Perplexity

First test loop strengths/gaps. Pro

Fed findings back to GPT-40 to tighten instructions on quote length, GPT-40

Refinement summary structure and citation handling.

Retested on six new URLs until output was consistent and on-point. Perplexity
Pro

Validation

Final prompt outputs per URL
e Three verbatim quotes capturing the page’s key message.
e Structured summary (=120 words) covering purpose, main points and any Australia-specific insight.

Researchers randomly opened live pages while the extraction ran; every check confirmed the Al summary
matched the source, ruling out hallucinations.

4. Two-stage thematic analysis

Foundation categories - Before coding began, we fixed five top-level buckets: Benefits & Applications,
Challenges & Limitations, Workforce Impact, Future Outlook/Trends, Recommendations. These framed, but
did not restrict, later theme discovery.

Stage 1 - ET-by-ET coding

e  Prompt development: Iteratively refined across GPT-40 — GPT-10 Pro — Claude 3.5 — Perplexity
Pro (three full test cycles).
e Chosen engine: GPT-10 Pro gave the most accurate theme labelling and frequency counts.
e Outputs per technology:
o One-line summaries for every URL, tagged to themes.
o Atable listing Category, Theme/Code, Consolidated Description, Frequency of Appearance,
and Source-type breakdown.
e Storage: Word for narrative summaries, Excel for frequency tables.
Stage 2 - Cross-technology synthesis

e Prompt creation: Started in GPT-10 Pro, but validation showed Claude 3.5 handled large, combined
tables more reliably.

e Process: Fed Stage 1 tables into Claude 3.5 in batches, merging codes and recalculating
frequencies to reveal sector-wide patterns.

e Quality gate: Manual spot-checks at each batch boundary to ensure no theme drift.

5. Quality assurance & practical notes

e Frequency audits - Researchers cross-checked all automated counts against raw tables.

e Subscription upgrade - Length limits in the USD 20 GPT plan truncated long prompts, so we
upgraded to the USD 200 plan to eliminate session cuts.

e Version control - Google Sheet and conversation history within each Al tool has kept every
intermediate output accessible.
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Data Snapshot

By combining disciplined Google searches with rigorously tested Al prompts and manual validation, we
produced a transparent, reproducible map of how 16 emerging technologies are portrayed across 970
Australian construction-industry sources.

Referring to the ‘Source type’ table below - this table outlines the various sources we found, along with how
many times we found a website from that source.

Vendor - Companies selling technology solutions and publishing related 362
materials.

News - Media outlets reporting current technology developments. 152
ORG - Industry bodies or nonprofits issuing sector guidance. 97
RTO - Accredited training organisations providing vocational course 78
content.

Others - Miscellaneous sources such as blogs, conference proceedings, 76

law firms and others that do not fit neatly into the defined institutional
categories but still provide relevant perspectives.

EDU - Universities producing academic content. 58

Consulting - Consulting firms releasing advisory reports and articles on 56

technology.

Research - Both Academic research papers and independent think- 51

tanks publishing technology studies.

GOV - Government agencies posting policies and other information. 37

Builder - Construction firms sharing practical technology information. 3
Total 970

This table illustrates how 362 (37%) out of the total 970 sources come from vendor websites, making
‘Vendor' by far the largest category. The second and third most frequent categories are ‘News' with 152
(16%) and ‘ORG" with 97 (10%), reflecting a substantial presence of media outlets and non-profit or
organisational websites. Other noteworthy categories include ‘RTO’ at 78 (8%), ‘Others’ at 76 (8%), ‘EDU’ at
58 (6%), ‘Consulting’ at 56 (6%), and ‘Research’ at 51 (5%), each contributing smaller yet significant portions
of the dataset. Meanwhile, ‘GOV' with 37 (4%) and ‘Builder’ with just 3 (less than 1%) comprise the smallest
shares. Overall, the data suggests that commercial (vendor) and media (news) sites dominate, balanced by
smaller yet diverse inputs from organisations, educational and research institutions, and government
sources.

Thematic Analysis

Thematic Analysis is a qualitative method that involves systematically identifying, organising, and interpreting
repeated patterns — or “themes” — within a set of data.

Thematic analysis was conducted on the data to help us understand the themes our sources tend to focus
on. The bar chart below outlines the key theme categories we uncovered in the data, along with the
number of high-level codes found within each category. The more codes, the more prevalent the discussion
is about a particular category.
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Workforce & Skills |
Adoption & Implementation |
Technology Integration |
Cost & Financial Impact
Efficiency & Productivity [
Safety & Risk |

Category

Regulatory & Legal |

Security, Privacy & Data |
Sustainability & Environment |
Market Growth & Collaboration |
Design & Innovation |

OTHER

Emerging Technologies Research Project

Category Distribution of Key Findings

10 15 20 25 30

Frequency

From the above chart Workforce & Skills (20.12%) emerges as the leading concern, reflecting widespread
attention to skill gaps, upskilling, and collaborative training. Close behind is Adoption & Implementation
(18.93%), which highlights the challenges of mainstream adoption, resistance to change, and the need for
pilot projects and standardisation. Technology Integration (14.20%) centres on interoperability and
convergence with tools such as BIM, Al, and loT, while Cost & Financial Impact (13.61%) underscores the
tension between high upfront investment, cost savings, and ROI uncertainty. Efficiency & Productivity
(8.88%) and Safety & Risk (7.69%) appear next, focusing on enhancing project performance and reducing
hazards, respectively. Regulatory & Legal (7.10%) addresses legislation, ethical considerations, and the
complexities of compliance. The lower-frequency categories — Sustainability & Environment, Security,
Privacy & Data, Design & Innovation, and Market Growth & Collaboration — each under 3% of the total, still

signal important but less universally cited themes.
Below, we have outlined this in more detail.
1. Workforce & Skills (34 Codes - 20.12%)

This category highlights the increasing need for
workforce adaptation in response to
technological advancements. The focus is on
upskilling, training, labour shortages, and
addressing skill gaps. Many mentions relate to
workforce displacement, indicating that
automation and Al (in particular) are changing
labour demands. The codes also suggest an
ongoing need for retraining and education to
ensure that workers remain employable as
industries evolve.

2. Adoption & Implementation (32 Codes -
18.93%)

One of the most critical areas of focus, this
category includes challenges in integrating new
technologies, cultural resistance, and the lack of
clear standards for widespread implementation.
Many mentions of adoption barriers, pilot
programs, and trust-building suggest that while
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emerging technologies offer significant
advantages, structured adoption remains
difficult. Businesses often need government or
industry-wide support to scale effectively.

3. Technology Integration (24 Codes - 14.20%)

This category reflects the complexities of
integrating multiple technologies, including Al,
loT, BIM, and automation. The codes indicate that
interoperability remains a major challenge, with
references to real-time monitoring, predictive
maintenance, and supply chain management.
The presence of terms like "synergy" suggests
that businesses recognise the need for
streamlined technology ecosystems but struggle
with execution.

4. Cost & Financial Impact (23 Codes - 13.61%)

Financial concerns remain a significant barrier to
adoption. The codes highlight issues such as high
upfront costs, ROl uncertainty, and the need for
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long-term financial planning. Many references
suggest that while cost savings are a driving force
behind adoption, the immediate financial burden
remains a critical roadblock for businesses.

5. Efficiency & Productivity (15 Codes - 8.88%)

This category emphasises the operational
improvements brought by automation, Al, and
workflow optimisation. Codes reference
productivity gains, reducing rework, improving
accuracy, and enhancing execution quality. The
presence of process-related improvements
suggests that many organisations are seeking
ways to maximise output without increasing
resources.

6. Safety & Risk (13 Codes - 7.69%)

Workplace safety remains a priority but not a
dominant driver of adoption. The codes focus on
injury prevention, risk management, and
compliance with safety regulations. The relatively
low count suggests that while safety is
acknowledged, it is not the primary motivation
for digital transformation.

7. Regulatory & Legal (12 Codes - 7.10%)

This category highlights the legal uncertainties
surrounding emerging technologies. Many codes
refer to compliance challenges, regulatory gaps,
and the evolving legislative landscape. The
mentions of government frameworks indicate
that businesses seek clearer guidelines to help
structure their adoption strategies.

8. Sustainability & Environment (5 Codes -
2.96%)

Sustainability is less dominant but still relevant.
Codes highlight concerns such as carbon
tracking, waste reduction, net-zero goals, and
sustainability in asset management. There is

Emerging Technologies Research Project

growing recognition of sustainability, but the data
suggests that environmental concerns often take
a backseat to financial and operational priorities.

9. Security, Privacy & Data (5 Codes - 2.96%)

While not the largest category, this remains a
critical concern. The presence of terms like
cybersecurity, data governance, and ransomware
suggests that businesses recognise risks but may
not be prioritising security as much as other
adoption challenges. Cyber insurance appears as
a key term, indicating that some businesses seek
external risk-mitigation solutions.

10. Design & Innovation (3 Codes - 1.78%)

This category captures themes related to creative
control, usability, and forward-thinking design
frameworks. The included codes — Design
Flexibility & Customisation, Design &
Visualisation, and Secure-by-Design & Tech
Convergence — reflect a focus on empowering
designers and project teams to develop more
tailored, user-responsive outcomes. While the
frequency is relatively low, the relevance of these
concepts is likely to grow as generative design,
digital twins, and secure-by-design
methodologies mature within industry practice.

11. Market Growth & Collaboration (3 Codes -
1.78%)

This category indicates that businesses recognise
the importance of industry partnerships, but it is
not a dominant theme. Codes highlight efforts
around mainstream adoption, commercial
expansion, and government-industry
collaboration. The presence of business alliances
suggests that while organisations are eager to
scale, they are still navigating the complexities of
forming effective partnerships.

Overall, these findings suggest a strong emphasis on equipping and
motivating the workforce, managing the cost and technical demands of
new technology, and navigating regulatory issues, all while incrementally
advancing sustainability, security, and innovation in the sector.
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High Level Categories

This table captures the frequency of the exact codes and their relationship to the high-level categories.

Category Frequency Percentage
Benefits & Applications 49 28.99%
Challenges & Limitations 47 27.81%
Workforce Impact 15 8.88%
Future Outlook/Trends 24 14.20%
Recommendations 34 20.12%
Total 169 100%

From this table, Benefits & Applications stands out slightly ahead of Challenges & Limitations at nearly 29%
compared to just under 28%, indicating that practical advantages and potential hurdles are both prominent
discussion points. Recommendations, at about 20%, further shows that stakeholders are proactive in
proposing solutions or best practices. While Future Outlook/Trends (14%) underscores a forward-looking
perspective, Workforce Impact (9%) reveals a more focused but still important concern regarding job roles,
training, and broader labour implications. Overall, the data suggests a balanced emphasis on exploring use
cases, identifying challenges, and offering guidance, with a notable attention to how these trends might
shape the workforce in the long term.




NOTE: All recommendations
discussed here come from
the sources analysed; they
do not represent the
researchers’ own advice.
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Preamble

The data-gathering and thematic-analysis stages produced
a substantial evidence base ready for reporting. The
researchers used Al as a drafting partner to:

e design the report structure,
o surface key take-aways from each dataset,
e expand the draft narrative to match our preferred style.

At every step the research team reviewed, fact-checked
and refined the Al output. Once a complete draft was in
hand, we switched to full human edit mode — re-reading,
tightening language and verifying statements against the
source data — until the report met our quality standards.

Introduction

The following sections present the insights derived from
the Google desktop review. They are organised under
eleven headings:

. Summary of Findings

. Benefits & Applications (Cross-Cutting Advantages)
. Challenges & Limitations (Common Obstacles)

. Workforce Impact (Jobs and Skills Transformation)
. Future Outlook (Trends and Trajectories)

. Recurring Patterns in the Data

. Recurring Themes in Source Perspectives

. Emerging Consensus Points

. Areas of Contradiction and Tension
10.Recommendations (Shared Strategies for Adoption)
11.Biases and Limitations in the Datasets.
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Cross-Cutting Benefits (Consistent Across Technologies)

Efficiency & Productivity Gains: Near-
universal claim that technologies
streamline workflows, automate tasks,
and reduce time/labour.

Cost Reduction: Savings from
decreased rework, lower material/labour
use, and improved resource allocation.

Improved Safety: Removing humans
from high-risk tasks; automation,
exoskeletons, drones, and wearables
help reduce injuries. precision, and
coordination tools reduce errors and
defects.

Higher Quality & Less Rework: Better
detection of issues,

Enhanced Collaboration &
Communication: Tools like BIM, AR, and
digital twins improve real-time
stakeholder alignment.

Design Flexibility & Innovation: Al, 3D
printing, and MR enable complex,
customised, or optimised
structures/designs.

Environmental Sustainability: Many
technologies support greener practices
(waste, energy, carbon tracking).

Common Barriers & Adoption Challenges

High Initial Costs & ROl Uncertainty:
Upfront investment often deters
adoption without proven long-term
benefits.

Regulatory & Standards Lag: Legal
frameworks and industry standards
haven't kept up with technology
development.

Technological Maturity & Integration
Issues: Many solutions are not fully

Shared Workforce Themes

Upskilling & New Roles: Every
technology necessitates new skills or
roles (data analysts, drone pilots, BIM
managers, etc.).

Displacement vs. Augmentation:
Debate persists - technology may
reduce manual jobs but also create new
higher-skilled roles.
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reliable or interoperable; infrastructure
gaps persist.

Workforce Skills Gap: Significant
upskilling required across all technology
areas; digital fluency now critical.

Cultural Resistance: Conservative
industry mindset and job security fears
slow uptake.

Cybersecurity & Data Privacy Risks:
Increased digitalisation = increased
exposure; data security is essential.

Improved Worker Safety &
Ergonomics: Technology often reduces
strain and physical risk (exoskeletons,
|oT, automation).

Talent Attraction & Retention: Modern
technology can appeal to younger,
digitally fluent talent.
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4 Future Trends & Direction

e Mainstream Adoption Expected: All
technologies are projected to grow
rapidly; a 5-10 year tipping point is
expected.

e Technology Convergence: Integrated
ecosystems (e.g. Al + drones + BIM + |0T)
represent the Construction 4.0 future.

e Incremental Progress via Pilots:
Continued experimentation and lessons
from pilot projects are key.

NN\

[ll Emerging Consensus Points

e Productivity & Efficiency as the Core
Value: Unanimous agreement that
technology boosts output.

e Safety Gains Widely Endorsed:
Technology's safety improvements are
rarely disputed.

¢ Need for Updated Standards: Strong
shared belief that new guidelines are
overdue.

:

6

Points of Tension & Contradiction

e Job Displacement vs. Job Creation:
Unresolved debate - automation's
impact on employment.

e High Cost vs. Uncertain ROI:
Investment dilemma - when (and if)
payback occurs.

GG [z BENCHMARK:
business advisory
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Evolving Standards & Policies:
Regulations are catching up; cross-sector
collaboration on standards is growing.

Industry-Wide Digital Transformation:
Consensus that technology is vital to a
smarter, more competitive construction
sector.

Sustainability as a Core Promise:
Green outcomes are seen as achievable
and aligned with technology goals.

Digital Transformation as Inevitable:
Near-universal belief that construction
must modernise.

Fast vs. Slow Adoption: Vendors push
for urgency; practitioners warn of inertia
and barriers.

Hype vs. Proof: Optimistic projections
often lack rigorous, empirical evidence.

Data Sharing vs. Privacy: More
integration = more risk; firms wary of
exposing sensitive info.
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@ Recurring Patterns Across Technologies

e Same Promised Benefits: Faster,
cheaper, safer, greener - technology
narratives converge around shared
goals.

e Same Pain Points: Barriers repeat -
costs, skills, regulation, interoperability,
human resistance.

Recommendations for Adoption

e Update Regulations & Standards: Align
policy frameworks with technological
capabilities.

e Invest in Workforce Education:
Develop academic and on-site training
pipelines across roles.

e Use Pilot Projects Strategically: Test
and prove technology value
incrementally to support business cases.

Limitations & Biases in the Dataset

e Overrepresentation of Vendors: Skews
tone toward benefits and optimism.

e Lack of Frontline Voices: Builders,
trades, and clients underrepresented.

e Generalised Technology Categories:
Insufficient granularity in defining

Workforce Front and Centre:
Upskilling, role evolution, and change
management are universal issues.

Adoption Curve Similarities: Slow early
pilots, fast future growth; optimism is
high.

Integration Trend: Technologies are
increasingly complementary, not
isolated.

Demonstrate ROI: Quantify outcomes
to overcome scepticism and justify
investment.

Drive Collaboration: Industry,
government, technology vendors, and
educators must coordinate.

Focus on Change Management: Secure
worker buy-in; use champions and
transparent communication.

Integrate Cyber Risk Planning: Build
digital resilience into rollout strategies.

Limited Quantitative Evidence: Many
claims lack hard data or consistent ROI
figures.

Snapshot in Time: Findings may quickly
age in a fast-evolving landscape.
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Benefits & Applications (Cross-Cutting Advantages)

Across the board, these emerging technologies promise remarkably similar benefits for construction
projects:

Improved Efficiency & Productivity

Virtually every technology is touted to accelerate workflows or reduce labour/time requirements. For
example, automating tasks with Al or using autonomous machines enables faster, 24/7 operations - nearly
all sources on Al (28 of 29) and autonomous vehicles (27 of 36) emphasise efficiency gains as a primary
benefit. 3D printing can "drastically reduce build times" compared to traditional methods, and BIM or digital
twins streamline coordination to cut rework and delays. In short, speeding up construction and boosting
productivity is a unifying value proposition.

Cost Savings

Many of these innovations are linked to cost reduction through better resource use and error prevention.
Reduced material waste, lower labour needs, and fewer mistakes are frequently cited. For instance, 3D
printing's reduction in labour and formwork translates to potential long-term savings, and AR's ability to
catch errors early is reported to "lead to lower overall project costs" in 26 of 32 sources. Blockchain
automation (via smart contracts) and drone surveys likewise cut administrative and operational costs.
Across technologies, there is broad agreement that up-front investments can pay off in the form of project
cost efficiency over time.

Enhanced Safety

Nearly all emerging technologies share a goal of making construction safer by removing workers from
harm's way or by proactively identifying risks. Al systems perform automated risk monitoring to "minimise
accidents" on sites, drones and autonomous equipment handle dangerous inspection or earthmoving
tasks, and exoskeletons physically reduce strain on workers. In fact, 34 of 36 autonomous vehicle sources
highlight accident risk reduction by eliminating human error, and 21 of 33 exoskeleton sources report fewer
musculoskeletal injuries when using assistive suits. AR/MR safety training simulations and real-time hazard
overlays also contribute to accident prevention. Improving on-site safety is a recurring, major selling point
across the spectrum.

Higher Quality & Less Rework

A common thread is better quality control and accuracy in construction outcomes. Many technologies help
detect issues early or improve precision, thereby reducing costly rework. For example, AR overlays allow
teams to catch design/build mismatches in real time, "lowering errors, mistakes, and rework". BIM and
digital twin platforms provide a single source of truth, preventing coordination errors, while Al prediction
and loT sensors flag quality problems before they escalate. The net effect is fewer defects and deviations in
completed projects.

Improved Collaboration & Communication

Breaking down silos is another shared benefit. Technologies like BIM, AR/MR, and digital twins enable real-
time information sharing and visualisation among stakeholders. AR, for instance, lets remote teams and
clients "see detailed project data" overlaid on the real world, greatly boosting teamwork and
communication. Likewise, BIM's collaborative models and 10T's live data feeds synchronise architects,
engineers, and site crews (27 of 29 BIM sources cite collaboration as a primary benefit). Across the board,
better stakeholder coordination - from design phase through construction - is a recurring theme, leading
to more integrated and transparent project delivery.
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Design Innovation & Flexibility

Many of these emerging technology tools expand what's possible in design and construction. Generative
design and Al optimisation enable creative, efficient building solutions that humans might not conceive. 3D
printing allows complex geometries and bespoke components that traditional methods can't easily achieve.
Mixed reality and digital twins let teams virtually prototype and refine designs before building. Overall,
technologies are seen as drivers of innovation that increase the freedom to create better, more customised
structures.

Environmental Sustainability

A cross-cutting promise - especially for 3D printing, BIM, digital twins, 10T, and blockchain - is making
construction "greener." Numerous sources highlight reduced material waste (e.g. 3D printing can cut waste
by 20-60%), lower carbon emissions through optimised processes, and improved energy efficiency. BIM
and digital twin systems track lifecycle performance (6D/7D BIM) to optimise energy use and maintenance,
while blockchain can log carbon data for compliance. In short, sustainability benefits (waste reduction,
carbon footprint tracking, efficient buildings) are often emphasised alongside core project benefits. This
reflects a growing consensus that emerging technologies can help address environmental goals in
construction.

Challenges & Limitations (Common Obstacles)

Despite their promise, these technologies face a similar set of hurdles that slow down adoption. The key
challenges that repeat across multiple technology domains include:

High Initial Costs & ROl Uncertainty

Nearly all innovations require significant upfront investment - whether in specialised equipment, software,
or training - which is a barrier especially for smaller organisations. For example, 3D printing for
construction purposes requires expensive printers that have had limited real-world testing to date, AR/MR
devices and software are costly, and exoskeleton suits remain "pricey" with an unclear return on
investment particularly for contractors. Many sources acknowledge a cost-benefit dilemma: a short-term
financial hit versus long-term gains. This pattern appears across virtually every emerging technology.
Understandably, the lack of proven ROI data makes some decision-makers hesitant - they want to see
evidence of savings, safety improvements or productivity gains before committing fully. Thus, financial
hurdles and uncertain payback periods are pervasive limitations.

Regulatory and Standards Lag

Another recurring theme is that regulations, codes, and standards are struggling to catch up with
technology. Construction is heavily regulated, and many of these new methods don't cleanly fit existing
rules, for example:

e Building codes: 3D-printed structures face approval hurdles because "codes and standards
often lag behind technological advances," as noted in many sources. Similarly, drones and
autonomous vehicles must contend with safety regulations not written for driverless or pilotless
operation, and "ambiguous or evolving regulations" around liability for autonomous machines
create uncertainty.

o [egal frameworks: Emerging areas like smart contracts on blockchain lack clear legal status
and cross-jurisdiction recognition. Privacy and ethics guidelines for Al/IoT in construction are still
forming. MR/AR might raise liability questions if a misalignment causes an error.
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Lack of standards: Many technologies suffer from absent or fragmented standards for data
and integration. For instance, there are calls for unified data formats and "common data
environments" so Al and BIM systems can work together. No unified guidelines exist yet for safe
exoskeleton use on sites. This regulatory lag means even when the technology is ready, official
approval or industry consensus practices aren't, hampering wider deployment.

Technological Maturity & Integration Issues
The data consistently show that these technologies, while advancing, are not plug-and-play - each has
technological growing pains:

Rellabllity and performance: 3D printing faces material curing and structural integrity
questions (e.g. ensuring printed concrete cures uniformly). Early-stage exoskeletons have battery
life and weight limitations, and MR devices can be bulky or have limited field of view. Drones have
flight time and weather constraints. Many technologies are still maturing, and construction
stakeholders worry whether they are robust enough for daily jobsite use without failure.

Interoperability: Integrating new tools with existing construction processes and IT systems is
a shared headache. "Integration with existing systems" is cited as a major complexity for
blockchain solutions and equally applies to 0T sensors linking with legacy facility management
software, or Al needing to pull data from siloed project management systems. Different platforms
and data formats don't always mesh, leading to duplicated efforts or data gaps. Interoperability
and data exchange standards are often missing (e.g. one 10T device might not easily feed into
another system), making it hard to fully realise the technology's value across project workflows.

lechnological infrastructure: Several technologies require supportive infrastructure that
may be lacking. AR and 10T need robust site connectivity/bandwidth, which can be an issue on
remote or enclosed sites. Digital twins need comprehensive, high-quality data streams to be
effective. Many firms also lack the IT infrastructure or cloud setup to handle the big data generated
by drones, laser scanners, or sensors. Without these prerequisites, technology adoption stalls due
to these hurdles.

Workforce Skills Gaps

A nearly universal challenge is the shortage of skills and training needed to implement these advanced
tools. Construction personnel - from trade workers up to managers - often need upskilling to work with
digital technologies. This theme is echoed for every technology:

Al and data analytics require employees versed in data science or at least digital literacy, but many
firms report a "shortage of Al-ready personnel" and the need to train or hire staff with these skills.

BIM and digital twin adoption is limited by the number of professionals proficient in modelling,
simulation, and interpreting digital building data (20 of 29 BIM sources note the need for better
digital skills in the workforce).

Similarly, blockchain and cybersecurity introductions are hampered by low awareness - "many
stakeholders lack blockchain literacy", necessitating targeted training programs, and cybersecurity
in construction demands specialised IT knowledge that most site staff and managers historically
haven't needed.

Even technologies aimed at field work, like drones or exoskeletons, require new competencies -
drone operators must be certified and often comfortable with data analysis, and workers must
learn to use and maintain exosuits properly.
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Critically, the industry faces a talent challenge: current workers must be re-trained and new types of experts (data
analysts, robotics operators, etc.) must be brought in. Without addressing this skills gap, implementation of these
technologies will most likely slow down and/or falters.

Cultural Resistance to Change
Construction has a conservative culture, and resistance to new, unproven methods is a recurring human
factor noted across technologies. Many sources mention scepticism or reluctance among stakeholders:

e Company leaders and project managers may be wary of altering well-established processes. For
example, some construction stakeholders are sceptical of 3D printing because it's unfamiliar and
unproven at large scales, indicating a need for demonstrations to build trust.

e Workers and supervisors might resist technologies that alter their routines or threaten their jobs.
The introduction of AR/MR on sites has seen pushback from those uncomfortable with high-
technology headsets or digital workflows. Similarly, union concerns have arisen with autonomous
equipment potentially displacing operators.

e Organisations may also hesitate to accept novel approaches due to perceived risk. In general, the
"if it isn't broke, don't fix it" mentality in construction can slow adoption of even beneficial
innovations until they are thoroughly proven. Overcoming this requires solutions such as change
management efforts and showcasing successful case studies.

Data Security & Privacy Concerns
As construction becomes more digitised, data security emerges as a shared worry. Stakeholders are
concerned about protecting sensitive project data and ensuring privacy:

e Emerging technologies, especially when used in an interconnected fashion, rely on large volumes
of data (designs, schedules, sensor readings, etc.), raising questions about data ownership, privacy,
and vulnerability. For example, the Al dataset notes concern over siloed data and the need for
secure common data environments to prevent breaches.

e Cybersecurity itself is cited as an essential counterpart technology - many acknowledge that more
connected systems create new attack surfaces. Without strong cybersecurity measures, drones or
loT devices could be hacked, or critical project data on a BIM server could be stolen or
manipulated. Indeed, it's noted that human error and low cybersecurity awareness in construction
increase vulnerability to breaches.

Across sources, there is a call for balancing the drive toward data-sharing and integration with the
implementation of robust security protocols. In essence, "smart" construction must also be secure, and this
consideration now accompanies the adoption of all advanced tools. This shared limitation is leading firms
to invest in training, policies, and even insurance to mitigate digital risks.

Workforce Impact (Jobs and Skills Transformation)

While each technology affects the construction workforce in specific ways, there are common impact
themes that echo across technologies:

Need for Upskilling & New Roles

As noted above, a consistent refrain is that the workforce must evolve. Traditional roles are being
augmented by new technological tasks - e.g. a site engineer now might need to also be a drone pilot or a
BIM coordinator. All datasets underscore the importance of training existing workers to use new tools and
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of bringing in specialists. "Training & upskilling" is repeatedly highlighted as essential to realise the benefits
(appearing as a workforce theme in most technologies). For example, construction crews must be trained in
AR/MR device use to avoid misuse and get full productivity benefits, and exoskeleton users need instruction
to wear and operate suits safely. Likewise, managers may need education on interpreting Al analytics or
blockchain records. Digital competency is becoming as important on a jobsite as traditional trade skill. In
fact, several sources note that forward-thinking companies are aware of this and are investing in workforce
development to bridge this gap.

Job Displacement vs. Augmentation

A major debate threading through the data is whether these technologies will displace workers or augment
them. There is an acknowledged tension: some foresee that automation and robotics will eliminate certain
manual jobs, while others believe technology will primarily assist workers and create new higher-skilled
roles. For instance, in 3D printing some sources warn of 50-80% labour reductions on certain tasks,
implying significant job loss, whereas others emphasise that skilled operators and finishers are still needed
in concert with printers. Similar discussions appear with Al and autonomous machines potentially replacing
routine labour, versus the view that workers can be redeployed to higher-value activities (or that new jobs
like data analysts, robot technicians, and drone operators will emerge to offset the losses). The "synergy vs.
displacement" dilemma is one of the most prominent workforce questions across all technology. In
practice, the consensus in many sources is that these technologies will change jobs more than eliminate
them - e.g. requiring operators to manage robots, or tradespeople to work with automated tools - but this
remains a point of differing opinions.

Workforce Safety and Ergonomics

On the positive side, many technologies aim to improve working conditions for staff. Automation and
robotics can take over the most dangerous or physically taxing tasks, potentially reducing injuries and
fatigue. Exoskeletons explicitly target ergonomics by offloading weight and preventing strain injuries.
Drones mean less climbing or hazardous inspections for humans. loT wearables can monitor worker health
and alert to dangers. Across the datasets, there is a shared notion that the workforce stands to benefit
from a safety perspective, even if job roles change. Sources often frame this as technology complementing
the workforce - for example, Al as an assistant that warns workers of risks, or AR as a training tool - rather
than purely replacing the workforce. This improved safety and longevity of the workforce is a unifying
theme that helps make the case for these innovations to workers and employers alike.

Talent Attraction & Retention

An emerging idea in several sources is that adopting modern technologies can help attract new talent to
the construction industry. Younger professionals who are digitally savvy may be more inclined to join firms
that use cutting-edge tools like AR/VR, Al, and robotics, perceiving them as innovative. While not always
explicitly stated, this is implied in the notion that embracing technology can mitigate the construction skills
shortage by drawing interest from the next-generation workforce (who expect digital workflows). On the flip
side, there are also concerns about older or less technology-oriented workers feeling alienated. Some
sources note the importance of change management to ensure employee buy-in, suggesting outreach and
training to get workers excited about using these tools rather than fearing them. Workforce modernisation
is both a challenge and an opportunity common to all - it requires careful handling to avoid alienation, but
it also promises to make construction a more attractive, technology-forward career field.

Future Outlook (Trends and Trajectories)

The combined data reveals a broadly optimistic outlook for all these technologies, with strong consensus
that they will become increasingly integral to construction's future. Common future trends include:
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Significant Growth and Mainstream Adoption

Every emerging technology is projected to grow rapidly in adoption and market size over the coming years.
Many sources cite market analyses or expert opinions anticipating that what is emerging now will be
commonplace in the near to mid future. For example, 3D printing is expected to mature into a multi-billion-
dollar global market with widespread use in residential and commercial construction. AR is "expected to
become mainstream in construction" as hardware costs drop and ROl is demonstrated. Even highly
specialised technology like exoskeletons is forecasted to expand at ~40% Compound Annual Growth Rate,
indicating rapid market growth as the technology improves. This optimism extends to Al (increasing
integration in project management and design), digital twins (becoming a standard part of large projects
and asset management), and so on. The consensus is that the question is not if, but when these tools will
see broad adoption across the industry. Many predict a turning point in the next 5-10 years where pilot
projects give way to scaled implementation, especially as early successes accumulate.

Technology Convergence & Integration
A notable trend is the convergence of multiple technologies to unlock even greater value. Rather than each
tool operating in a vacuum, the future points to integration of their capabilities:

e  We see hints of this in 3D printing being combined with robotics and Al for real-time quality
control.

e BIMisincreasingly serving as a central hub that integrates loT sensor inputs, feeds AR/MR
visualisations, and works in tandem with digital twin simulations.

e Blockchain is envisioned to merge with BIM for secure, version-controlled project records.

e Drones and Al are used together (Al analysing drone imagery for progress or defects), and
autonomous vehicles share data with IoT networks on "smart" jobsites.

e MR/AR devices will likely incorporate Al for object recognition and tie into BIM models for on-site
guidance.

The data highlights this blurring of lines between technologies, often referred to as the Construction 4.0
paradigm. The future likely involves a stack of integrated solutions - e.g., a site where BIM, |oT, Al analytics,
AR overlays, and automated machines all work in concert. This integration is seen as key to achieving the
full productivity leap the industry seeks.

Continued Research, Pilots, and Iteration

There is broad agreement that while the trajectory is upward, ongoing R&D and pilot projects will pave the
way. Many future outlooks reference active experimentation: universities, industry consortia, and
technology providers are testing new materials, refining prototypes, and running demonstration projects to
resolve outstanding issues. This is true from 3D printing (e.g. developing new printable materials) to
blockchain (trailing it in supply chain tracking) to digital twins (proof-of-concepts on complex facilities). The
sharing of lessons learned from these pilots is expected to gradually overcome scepticism and build best
practices. Essentially, the future will be iterative - early adopters proving the technologies in controlled
ways, leading to broader acceptance once performance is proven and standards are established.

Evolving Standards and Policies

Together with technology progress, the regulatory environment is expected to evolve significantly in the
coming years to accommodate these innovations. Many sources express optimism that governments and
industry bodies are recognising the need to update codes and create guidelines. For instance, there are
calls for formal 3D printing building code provisions (and indeed initial standards like ISO 52939 for 3D
construction printing are emerging). In the autonomous vehicle realm, new safety laws are being drafted
(one example: Australia's work on an automated vehicle safety framework by the mid-2020s). Similar efforts
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are anticipated for drone regulations, data security standards, and integration protocols. The general view
is that policy will gradually catch up: cumbersome approval processes will get streamlined as regulators
become more familiar with the technologies and their risks, and industry consensus standards (for data
formats, performance benchmarks, etc.) will solidify. This will in turn accelerate adoption by removing
today's legal uncertainties.

Broader Industry Transformation

Ultimately, the future discussed across these sources is one where construction becomes far more data-
driven, automated, and predictive. Projects might be managed in real time through digital dashboards
(integrating feeds from Al, 10T, drones, etc.), with many manual tasks either automated or augmented by
machines. Buildings and infrastructure will likely be delivered faster, with less waste and rework, and
maintained proactively through digital twin models. A consistent forward-looking theme is that embracing
these technologies is part of a necessary transformation for the industry to improve productivity, safety,
and sustainability. Many sources convey a sense that failure to adopt will risk falling behind, while those
that do adopt will gain a competitive edge in the evolving market.

Recurring Patterns in the Data

When looking across the compiled datasets, several recurring patterns become evident. These patterns
highlight how the narrative around different technologies often echoes the same points:

Consistently Emphasised Benefits

There is near-unanimous emphasis on certain benefits across all technologies. Improved
efficiency/productivity is the standout - almost every source, whether discussing Al, robotics, or 10T,
stresses doing more with less time and labour. Likewise, cost savings and safety improvements are
repeatedly touted. It's striking that regardless of the specific technology, the core value propositions sound
very similar. This suggests a strong industry-wide focus on outcomes (faster, cheaper, safer construction)
that these innovations enable. Even more niche benefits like sustainability, enhanced design flexibility, or
better collaboration are cited for multiple technologies, reinforcing that they address common pain points
in construction. The data shows a chorus of the same advantages being promoted, indicating a broad
consensus on what goals technology should achieve in construction.

Common Obstacles Across Different Technology

Similarly, the challenges reported are often the same in different guises. Whether it's Al, 3D printing, or AR,
stakeholders worry about high upfront costs, uncertain ROI, and the difficulty of justifying investment. They
also encounter regulatory hurdles in many forms - building code issues, aviation laws for drones, lack of
smart contract legal status, etc. - but the pattern is a regulatory environment not keeping pace with
innovation. Another nearly universal obstacle is the lack of expertise and training, with companies feeling
ill-equipped to deploy the technology due to workforce limitations. Cultural resistance and inertia in the
construction industry is another recurring theme: from drones to blockchain, convincing people to change
established practices is as big a challenge as the technology itself. This repetition of obstacles signals that
the barriers to innovation in construction are systemic - they are less about the specific technology and
more about industry-wide human, financial and regulatory factors.

Shared Workforce Concerns

The data shows a widespread concern with workforce impacts that transcends individual technologies.
There is a shared anxiety about how automation and advanced tools will affect jobs - with discussions
oscillating between fear of job loss and hope for job evolution. Nearly every technology's analysis brings up
the need to reskill workers and the potential for roles to shift rather than vanish. A skills gap is consistently
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identified, implying that construction's labour force as a whole is not currently fully prepared for the digital
transformation underway. Additionally, many sources talk about the importance of change management
and gaining worker acceptance, indicating that people issues are a common sticking point. The repetition of
phrases like "upskilling", "training requirements", and "workforce readiness" across all technology datasets
underscores that human capital is front-of-mind in the construction technology revolution. There's broad
agreement that without addressing the workforce dimension, technological advancements will stall.

Trends in Adoption and Growth

A recurring pattern in the outlook data is a trajectory of increasing adoption following a similar curve for
each technology. Initially, use is limited to pilots or niche applications; then as benefits are proven, adoption
accelerates, often projected to "grow rapidly" or reach a tipping point where the technology becomes
mainstream. Many technologies are currently in that early pilot-to-adoption phase, which is reflected by
frequent mentions of ongoing pilot projects, experimental implementations, and the need for more case
studies. The expectation of market growth is another pattern - nearly every technology has bullish growth
forecasts or at least a strong belief that it will see widespread use in the near future. This optimism is
sometimes tempered by the acknowledgment of current challenges, but overall, the datasets convey a
pattern of inevitability: that digital and automated technologies will proliferate in construction, it's more a
question of how and when. Additionally, a pattern of integration emerges - as noted, many sources foresee
these technologies not as standalone, but as interconnected parts of a future construction ecosystem. So,
the adoption trend is not only more of each technology individually, but also more blending of them
together (e.g. BIM as a platform integrating IoT, AR, etc.). This points to a pattern of converging adoption,
where uptake of one technology often drives or complements uptake of another.

Recurring Themes in Source Perspectives

When examining how different types of sources talk about these technologies, some patterns appear
consistently:

e Vendor/Industry Publications across all technology tend to be very optimistic and
benefit-centric. Vendors emphasise the positives like cost savings, speed, and ROI, while often
glossing over challenges. This boosterism is a common pattern - technology providers and solution
vendors highlight success stories and opportunities, creating a positive narrative that is similar
whether they're selling Al software or AR hardware.

e Academic/Research Sources usually provide a more balanced or cautious view, often
focusing on limitations, necessary improvements, and measured analysis of outcomes. For
instance, research papers on 3D printing or BIM are more likely to delve into material strength
issues or data interoperability challenges than vendor whitepapers. This pattern suggests that
across technology, one can expect hype from commercial sources and prudence from researchers,
which helps explain some of the tensions in the discourse.

e News Media tend to gravitate toward the human interest and impact angles, a pattern seen
with multiple technologies. They frequently discuss things like housing solutions (for 3D printing),
dramatic efficiency claims, or workforce implications, making the technology relatable to the
general public. This results in recurring coverage about how a technology might solve big societal
problems (e.g. housing affordability, infrastructure needs) or affect jobs, more so than nitty-gritty
technological details.

e Organisational/Professional Bodies and Consultants often highlight practical
adoption factors like standards, training, and business case - they serve as a voice of practicality
and sometimes scepticism. A notable pattern is these sources bringing up issues of industry

=] BENCHMARK™* July2025 61|Page

business advisory

CONSTRUCTION INDUSTRY TRAINING COUNGIL



DIGITAL BLUEPRINT Emerging Technologies Research Project

readiness and acceptance that others might overlook (for example, consulting firms noting the
need for stakeholder buy-in or public acceptance in several technology reports).

These source perspective patterns mean that the tone of information can be similar across technologies
depending on who is speaking. Recognising this helps in interpreting the overall data: a preponderance of
vendor-driven content will skew toward benefits, whereas more input from independent research would
highlight issues - a situation that indeed appears in the merged dataset.

Lack of Quantified Evidence

Another subtle but recurring pattern in the data is the relative scarcity of hard numbers and empirical
evidence backing many claims. Many sources across technologies assert improvements (e.g. "30% cost
savings" or "X% faster delivery"), but the consolidated analysis frequently notes that specific, quantified ROI
or performance data are often lacking. This pattern suggests a lot of the discourse is based on projected or
anecdotal benefits rather than rigorous longitudinal studies. For instance, numerous articles might claim
drones or AR save money by reducing rework, but very few provide detailed before-and-after cost
comparisons. This is repeatedly flagged as a limitation in the data, implying that across the board, the
enthusiasm outpaces the measurable proof at this stage. Stakeholders are aware of this and often call for
more data and case studies. This pattern of evidence gap appears in almost every technology category,
highlighting a general need in the industry for more openly documented results as these tools are used in
practice.

Emerging Consensus Points

Despite the variety of technologies covered, the consolidated data reveals several strong consensus points
that cut across the different innovations. These are areas where there is broad agreement among sources
(often nearly unanimous) about key aspects of technological change in construction.

Consensus on Productivity & Efficiency Gains

Perhaps the clearest consensus is that these technologies will dramatically improve productivity in
construction. Virtually all stakeholders agree that automation, digitisation, and advanced tools can speed
up processes and reduce waste. This is reflected in the remarkably high frequency of efficiency-related
themes in each dataset - for example, efficiency was the top-cited benefit for Al (28 of 29 sources) and
similarly dominant for 3D printing (appearing in 32 of 45 sources). There is little dispute that the
fundamental value proposition of adopting these technologies is the potential to build faster and more
efficiently than traditional methods allow. This forms a cornerstone of the pro-technology consensus:
everyone from technology vendors to construction companies to academics agrees on the end goal of
boosting productivity.

Agreement on Safety and Risk Reduction

Another cross-cutting consensus is that improving safety is a critical and achievable outcome of these
technologies. Across the board, sources concur that removing humans from the most dangerous tasks
(through automation, robotics, drones) or augmenting their capabilities (through Al risk analytics, AR safety
training, wearable sensors) will lead to safer construction environments. The data shows strong alignment
on this point - for instance, an overwhelming majority of autonomous vehicle sources cite safety as a chief
benefit, and exoskeleton discussions heavily emphasise injury prevention. There is essentially no argument
that if implemented correctly, these technology tools make work more hazardous. The notion of "safety
through technology" enjoys near-universal support, forming a positive consensus that helps drive interest
in adoption.
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Unified Call for Updated Regulations/Standards

A notable consensus theme is the recognition that standards and regulations need to catch up. It is widely
agreed (across different technology communities) that current building codes, contract practices, and data
standards are inadequate for new methods. Virtually all sources acknowledge this and often explicitly call
for reform. For example, there is consensus in 3D printing discussions on the "need for updated regulations
and standards" as a prerequisite for mainstreaming the technology. Similarly, stakeholders in drones, AVs,
and blockchain all concur that clearer legal frameworks would remove a major roadblock. Importantly, this
is an area of active agreement, not debate - few if any sources oppose the idea of updating codes; rather,
the conversation is about how and who should do it. This consensus indicates a shared understanding that
policy modernisation is integral to technology adoption in construction, and momentum is building to
address it.

Broad Endorsement of Sustainability Goals

Many sources converge on the view that these emerging technologies can and should contribute to making
construction more sustainable. There is a consensus, especially in research and organisational sources, that
environmental benefits (like waste reduction, energy efficiency, tracking carbon emissions) are a key part of
the value proposition. For example, sustainability is one of the top consensus benefits in 3D printing data,
and digital twin advocates consistently mention its role in optimising resource use. While not every
technology has an obvious green angle (cybersecurity, for instance, is neutral), the aggregate sentiment is
that innovation in construction and sustainability go hand in hand. This aligns with broader industry trends
and enjoys widespread support in principle, even if quantified results are still sparse. The agreement is that
pursuing these technologies aligns with the construction sector's increasing emphasis on sustainable
development.

Acceptance of Inevitable Change

A more qualitative but important consensus point is an acknowledgment that digital transformation of
construction is inevitable and perhaps even necessary. Many sources - whether enthusiastic or cautious -
agree that the industry cannot continue with "business as usual" and must innovate to improve productivity
and deal with labour shortages, quality issues, etc. There is strong agreement that the future of
construction will be technology-driven. This doesn't mean everyone believes it will happen overnight, but
the tone of sources across the spectrum suggests a consensus that some form of these technologies will
eventually become standard practice. The question is often framed as "how to get there" rather than
"whether we should do this." This consensus is reflected in the forward-looking statements across datasets:
terms like "inevitable," "here to stay," or projections that assume eventual widespread use. Thus, a shared
foundational belief is that embracing technology is not optional but crucial for the industry's evolution.

Convergence on Key Focus Areas
The datasets show that independent of specific technology, stakeholders consistently focus on a few key
areas to make the technology successful - and there is consensus on these focus areas. They include:

o Workforce Upskilling: Itis universally agreed that without training people, technology will
not deliver results. This is a consensus priority across all technology discussions - essentially,
people are as important as the technology.

e [nteroperability/Data Sharing: Many sources agree on the need for better data
integration (e.g., common data environments) to fully leverage the new tools. This consensus is
implicit in calls for standards and explicit in recognising data silos as a problem across BIM, Al, 1oT,
etc. Everyone sees that working in silos won't work with these integrated technologies, and thus
collaboration and data-sharing frameworks are crucial.

. Jemonstrating Value: There's consensus that proving the value through pilots and case
studies is necessary to persuade the broader market. Multiple technology communities echo each
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other in urging the documentation of success stories and ROI evidence to build confidence. In
other words, "show, don't tell" is a shared mantra for gaining adoption momentum.

These consensus points reflect a strong alignment in how different segments of the industry view the
technology revolution. Efficiency, safety, and sustainability improvements are widely seen as both desirable
and achievable, given proper support. There's also a unifying sense of what needs to be done (standards,
training, proof of concept) to get there. Such cross-technology agreement is noteworthy - it indicates that
despite focusing on different tools, experts and practitioners are largely on the same page about the
direction and requirements of innovation in construction.

Areas of Contradiction and Tension

Although there is a generally positive outlook, the datasets also reveal areas of disagreement or tension
where perspectives diverge. These contradictions often arise from differing stakeholder viewpoints or
inherent uncertainties about the impact of these technologies. Key tensions across the technologies
include:

Workforce Impact - Displacement vs. Augmentation

As noted, there is a fundamental tension in how people view the effect on jobs. One camp (often labour
groups or sceptics) fears significant job displacement: that robots, Al, and automated systems could
eliminate a large portion of construction jobs, from trades to equipment operators. This perspective is
supported by some dramatic forecasts (e.g. certain sources predicting over 50% labour reduction with
automation). The other camp (often technology proponents) argues that these tools will augment human
workers and create new, higher-skilled roles, rather than cause mass unemployment. They emphasise
synergy - mundane tasks get automated, freeing humans for more complex work - and even suggest that
technology will attract fresh talent into the industry. This debate is often explicitly framed as "job
displacement versus creation" or "human replacement versus augmentation". Both viewpoints appear in
the data, sometimes even within the same discussion, highlighting an unresolved tension. The reality may
be mixed (some roles reduced, new ones created), but the lack of consensus on this point is notable. It
creates a contradiction: technology is promoted as helping the workforce, yet many fear it could hurt
employment. This tension underpins labour discussions and influences how fast organisations move on
adoption (concerns about labour relations can slow things down).

High Initial Costs vs. Long-Term Benefits

There is a persistent financial tension revolving around the timing of costs and returns. Many sources,
especially from industry, firmly believe in substantial long-term savings and ROl from these technologies -
fewer mistakes, faster completion, etc. will ultimately save money. However, others point out the high initial
investment and question whether those future gains will truly materialise or how long they will take. This
leads to an investment dilemma: some stakeholders champion immediate investment to gain future
advantages, while others are hesitant, adopting a "wait and see" or conservative budgeting stance. The data
captures this as an "economic viability" tension or explicit cost-benefit analysis debates (e.g., "high initial
investment vs. long-term savings" appears as a recurring point of contention). It's essentially a split
between the technology optimists who are willing to spend now for later gain, and the sceptics/realists who
worry about uncertain returns and prefer proven, incremental expenditures. This tension often plays out in
budget meetings and boardrooms when deciding whether to fund a new technology initiative.

Pace of Adoption - Rapid Transformation vs. Cautious Progress
There are conflicting narratives about how quickly construction will embrace these changes. On one hand,
technology advocates (especially vendors and some consultants) paint a picture of rapid transformation -
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an imminent revolution where those who don't adopt fast will be left behind. They point to accelerating
developments and often use language suggesting these technologies are maturing quickly and ready for
deployment. On the other hand, practitioners and some researchers caution that construction is historically
slow to change, and that widespread adoption will be gradual due to the many barriers (cultural, financial,
regulatory) in play. This results in a tension between hype and reality:

e Some sources imply we are on the cusp of a dramatic digital overhaul of construction in just a few
short years (fuelled by success stories and rapid technology improvements).

e Others counter that while the trajectory is real, the timeline will be much more drawn-out, with
incremental gains and possibly disillusionment if expectations are too high.

We see this tension in, for example, the differing perspectives on AR/MR adoption - some say it's exploding
and will be ubiquitous in a couple of years, while others note current usage is limited and many kinks
remain, implying a slower climb. The "market readiness vs. practical implementation" tension is explicitly
identified in some analyses. This contradiction matters because it affects planning: Do companies need to
act immediately, or can they observe longer? The data does not present a single answer, reflecting genuine
uncertainty and mixed opinions on the pace of change.

Hype vs. Evidence
Related to adoption pace is a subtle tension between the exciting promises made about technology and the
actual evidence available. As noted, many claims are not yet backed by robust data, which creates a divide:

e Optimistic sources (often vendors or evangelists) focus on potential and anecdotal successes - they
hype what the technology could do, sometimes glossing over the fact that solid proof or large-scale
examples are still forthcoming.

e Sceptical sources (often academics or experienced industry professionals) call out the lack of
empirical evidence and urge caution, essentially saying "we hear the claims, but where's the
proof?"

This dynamic is a contradiction where both sides are essentially talking past each other. For example, a
vendor might claim "30% cost savings" with their solution, while a researcher notes that "few sources
provide specific, quantified evidence of these benefits". Both appear in the data. This tension can cause
friction - early adopters and proactive vendors might feel frustrated by slow, proof-demanding
stakeholders, whereas cautious stakeholders might feel overwhelmed by hype. The result is often a
compromise: pilot projects to generate the needed evidence. But until more data is accumulated, the tug-
of-war between bold claims and verified results remains an area of contention across technologies.

Standards Responsibility - Industry-Led vs. Government-Led

Given the consensus that standards and regulations need updating, a secondary debate emerges on who
should spearhead these efforts. Some argue for industry-led self-regulation and standards development,
believing that the companies working with the technology understand it best and can move faster than
government. Others feel government and public agencies need to lead to ensure fairness, safety, and
widespread adoption (for instance, national building code bodies mandating certain practices, or
government funding for standardisation). This is a less prominent tension, but it does appear. For example,
in the autonomous vehicles context, there's discussion about whether regulation should be primarily the
realm of government legislation or collaborative industry frameworks. The blockchain conversation
similarly has an undertone of whether to wait for laws or proceed with industry consortia setting de facto
standards. The "industry vs. government" leadership question is part of the broader regulatory
conversation. It's an area of mild contention because each approach has pros/cons - industry-led can be
more agile but might lack authority, while government-led ensures uniformity but can be slow. Different
stakeholders express different preferences, and the outcome will likely be a mix of both.
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Privacy vs. Transparency (Data Sharing)

As technologies push for more data sharing and openness (to achieve integration and collaboration
benefits), there's an inherent tension with the need for privacy, security, and competitive secrecy. While not
heavily debated in all sources, it's implied in several:

e Forinstance, blockchain's promise of transparent, single-source-of-truth records might conflict
with companies' desire to keep some data proprietary or concerns about exposing too much
information.

e |oT and digital twins thrive on collecting detailed operational data, but that raises questions of who
owns the data and how it's used. Some stakeholders champion open data for better industry
benchmarks, while others worry about data misuse.

e Al systems can analyse project data at scale, but firms may be hesitant to share data that could
feed those Al due to privacy or liability concerns.

This creates a tension between collaboration and privacy. Everyone agrees data sharing is good for
efficiency, but when it comes down to implementation, there can be reluctance: e.g., contractors might not
want to share productivity data that could be used against them in contracts, or there could be regulatory
restrictions on sharing certain project or personal data. The cybersecurity dataset in particular highlights
that more connectivity brings more risk, so there is a push-pull between connecting everything for
transparency and locking things down for security. While not always explicitly labelled as a debate in
sources, this undercurrent of data openness vs. data protection is a balancing act noted across digital
technologies.

Final Comments

These contradictions illustrate that the path forward isn't without debate. Optimism and caution coexist,
and stakeholders often have to navigate these tensions when deciding how to proceed. For example, a
company might believe in the efficiency gains (consensus) but still delay adopting a technology due to cost
concerns (tension), or a project team might want to use a new tool but face internal resistance from those
worried about jobs (tension). Understanding these areas of disagreement is crucial - they are the points
that need careful management, open dialogue, and sometimes further evidence or policy decisions to
resolve. In many cases, pilot programs, stakeholder engagement, and transparent communication are used
as mechanisms to bridge these divides (e.g., showing workers that a robot can make their job safer rather
than replace them, or demonstrating ROI to justify the cost). Over time, some tensions may diminish (for
instance, as more proof of benefits becomes available, the hype vs. evidence gap should close). However, at
present, these conflicting viewpoints represent the healthy debates shaping the evolution of construction
technology adoption.
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Recommendations (Shared Strategies for Adoption)

The merged datasets also provide prescriptive insights - many recommendations recur across technologies
for how to successfully implement or accelerate the adoption of these innovations. Common
recommended actions include:

Develop and Update Standards/Guidelines

A top recommendation is to establish clear standards, protocols, and regulations to guide use of the new
technology. Participants across technologies urge industry organisations and regulators to work together
on this. For example, for 3D printing there are "strong calls for updated building codes and cross-industry
standards", and for exoskeletons, stakeholders suggest collaborative efforts to produce safety guidelines
and ergonomic standards for equipment design. Similarly, Al and data-centric technology spur
recommendations for creating ethical frameworks and data standards, and cybersecurity experts call for
standardised risk management frameworks. In general, bringing the regulatory framework in line with
technological capabilities (without stifling innovation) is seen as crucial. This often involves not just
government mandates but also industry-led standards and certification systems to ensure quality and
safety when using these tools.

Invest in Education & Training Programs

Workforce development is universally recommended. Nearly every analysis suggests expanding training -
both in academic curricula and on-the-job programs - to prepare workers for these technologies. Examples
include integrating digital construction skills (like BIM, 3D printing, or coding for Al) into university and trade
school programs, as well as continuous professional development for current workers (through workshops,
vendor training, etc.). For cybersecurity, improving staff awareness and instituting regular training drills is
advised. For Al and BIM, hiring or upskilling data specialists is often mentioned. The consensus
recommendation is to proactively address the skills gap: companies and educational institutions should
collaborate to produce a technology-savvy construction workforce. This will both alleviate implementation
struggles and reduce fear of job displacement by empowering workers to work alongside technology.

Start with Pilot Projects & Incremental Adoption

Rather than sudden, company-wide deployment, a cautious incremental approach is frequently
recommended. Stakeholders suggest launching pilot projects, prototypes, or small-scale trials to test the
waters, demonstrate value, and learn lessons. For instance, sources on AR advise "pilot projects &
incremental rollouts" to build confidence before full-scale adoption. Exoskeleton experts similarly
recommend starting small and measuring outcomes (productivity, injury rates) to prove ROI, then scaling
up based on those results. This approach helps in refining the technology for the company's specific
context and creating internal champions from pilot successes. Essentially, don't try to boil the ocean -
adopt new technology step by step, evaluate, and expand - is the shared implementation strategy across
these domains.

Demonstrate ROl and Build a Business Case

Hand-in-hand with pilot projects, many suggest that organisations rigorously document the benefits and
return on investment from early uses of the technology. Several sources note that collecting data on cost
savings, time saved, or safety improvements and communicating these wins is key to securing buy-in (both
internally and for clients). In the AR dataset, for example, there's emphasis on "demonstrating ROl & use
cases" to convince stakeholders of AR's value. This is echoed for other technology: exoskeleton
recommendations include tracking productivity metrics and injury reductions to justify the cost. The general
recommendation is to ground the technology's benefits in concrete evidence and case studies, which will
help overcome scepticism and justify further investment. Building a strong business case using hard data
will accelerate broader adoption.
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Foster Collaboration Across Stakeholders

Many sources encourage greater collaboration among industry players, technology providers, researchers,
and government to drive these innovations forward. For emerging technology that affects the whole
construction ecosystem, no single entity can tackle implementation alone. Recommendations include
forming industry consortia or working groups (for example, a blockchain consortium among contractors,
suppliers, and software firms to pilot and set standards). Public-private partnerships and knowledge-
sharing between companies are also suggested, especially to pool resources for research and to develop
universal standards. On a project level, early and frequent collaboration between technology experts and
project teams is advised so that solutions are tailored to real needs. Overall, breaking down silos - whether
between technology developers and end-users, or between industry competitors - is seen as important.
Collaboration helps ensure broad buy-in and prevents fragmented, duplicative efforts when establishing
new practices.

Address Cultural Change and Engage End-Users

A softer but crucial recommendation is to actively manage the cultural and human side of technology
adoption. Many point out that introducing new technology should go hand-in-hand with outreach to and
inclusion of those impacted. For example, sources on autonomous vehicles mention the need for public
engagement and worker communication to build trust in driverless machines. Involving staff early, soliciting
feedback, and highlighting how technology can make their jobs safer or easier can alleviate fears. It's also
recommended to identify internal "champions" or technology-savvy staff who can advocate for the tools
among their peers. Some suggest framing the narrative not as replacing people, but as eliminating
drudgery and enhancing skills, to get buy-in. Change management - through transparent communication,
demonstrations, and gradual transition - is repeatedly emphasised so that the workforce and other
stakeholders feel part of the innovation process, not subject to it.

Integrate Risk Management (especially Cybersecurity)

As construction digitises, sources (especially in cybersecurity and 10T discussions) recommend that firms
proactively integrate risk mitigation into their technology adoption plans. This includes developing
cybersecurity strategies (such as regular security audits, staff training, and even obtaining cyber insurance
coverage for projects). It also means planning for contingencies - for instance, having backup processes if a
digital system goes down, or addressing legal liabilities in contracts when using autonomous systems.
Essentially, anticipating the risks (data breaches, malfunctions, legal issues) and preparing for them is
advised to ensure these innovations don't introduce new vulnerabilities. By building robust risk
management and insurance around new technology deployments, companies can confidently scale these
tools knowing they have safeguards in place.

In summary, the recommendations across all technologies tend to converge on a simple message: be proactive
but prudent. Invest in people, set up the rules and support systems (standards, policies) around the technology,
prove its value through pilots, and collaborate widely to share knowledge - this strategic approach is repeatedly
endorsed as the way to successfully harness emerging construction technologies.

Biases and Limitations in the Datasets

The merged datasets themselves have certain biases and limitations that are important to acknowledge.
These factors influence the findings and may skew the perspective presented:

Source Type Imbalances
There is a clear imbalance in the types of sources represented, with some stakeholder voices dominating. In
particular, vendor and industry-affiliated sources are numerous, whereas end-user perspectives (like
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contractors and builders actually implementing the technology) are relatively scarce. For example, in the AR
dataset over half the sources were vendor publications, and an analysis note across technologies highlights
"greater representation from vendors, which may introduce positive bias toward benefits". This bias means
the data likely skews optimistic, focusing on possibilities more than pitfalls.

The notable absence of builder/contractor input (the people on the ground who would deal with practical
implementation challenges) was explicitly pointed out. This could leave certain practical concerns

underrepresented in the analysis. Similarly, certain technology communities had minimal government or
consulting input, which are voices that might otherwise highlight regulatory and business considerations.

Underrepresented Stakeholder Groups
Building on the above, specific stakeholder groups are underrepresented:

e Contractors/Bullders: Asnoted, very few sources directly capture the perspective of
general contractors, trade subcontractors, or site managers who integrate new technology into
projects. Their concerns (e.g. learning curve on site, integration with existing crews, liability issues)
might not be fully captured.

e [ield Workers/Trades: The voice of the actual workforce (craft workers, operators, etc.) is
largely missing - insights like union viewpoints, worker acceptance, or on-the-ground usability
issues are mostly inferred rather than directly reported. This is a gap because these stakeholders
ultimately determine success in implementation.

I

o Owners/Clients Wesee relatively little from project owners or clients (except perhaps some
interest via news stories). Owners who commission projects might have distinct concerns (like who
bears costs, ensuring long-term maintainability) that aren't deeply explored.

These stakeholder gaps mean the data might not fully reflect all real-world viewpoints. The bias leans
towards technology developers, researchers, and media, rather than those who may be more sceptical or
face day-to-day hurdles. Important practical insights from contractors or divergent regional experiences
might be missing.

Positive Bias and Hype

Due to the source imbalance, there's an inherent positive bias - many sources are forward-looking,
discussing potential benefits, which can tilt the overall tone to be optimistic. Negative results or failed pilot
projects are hardly mentioned. It's likely that success stories are overrepresented (since vendors and news
love to highlight wins) while lessons from failures or slow adoption cases are underreported.

The datasets read as if adoption is broadly happening and beneficial, but that could be partly because
those are the stories that get told. This doesn't invalidate the findings, but one should be aware that the
data may be painting a "best case" scenario on average. Critical voices (for example, someone saying "this
technology is not useful at all") are few. The presence of academic sources injects some balance, but
overall, the sentiment leans positive. This bias is important to consider, especially for a reader using this
analysis for decision-making - it may be necessary to seek out additional dissenting or ground-truth
perspectives for a complete picture.

Lack of Quantitative Evidence

As mentioned, a limitation across the datasets is the dearth of hard quantitative evidence. Many claims are
qualitative or general. The analysis itself notes "few sources provide specific, quantified evidence or ROI
measurements" to substantiate benefits. This means that some conclusions (like cost savings or
productivity improvements) are based on perceptions or isolated examples rather than statistically robust
data.

=] BENCHMARK™* July2025 69|Page

business advisory

CONSTRUCTION INDUSTRY TRAINING COUNGIL



DIGITAL BLUEPRINT Emerging Technologies Research Project

The lack of numbers can be due to these technologies being new (not much long-term data yet) or
proprietary (companies might not share detailed results). It's a limitation because it prevents precise
comparison - for instance, we can't easily quantify which technology yields the highest productivity boost or
how much money each actually saves, because those figures are not consistently reported. Most findings
are based on frequency of mentions and qualitative consensus, not on measured impact. Readers should
be cautious not to overestimate the proven state of these benefits - many are still aspirational or in early
demonstration phase.

Technological Generalisation and Ambiguity
The datasets sometimes treat broad technology categories as monolithic, which can mask important details
and differences. Some examples of these include:

e For AR/MR, sources often did not distinguish between using a tablet-based AR app versus an
advanced HoloLens headset - yet the usability and impact can differ greatly. Indeed, the AR
analysis pointed out that many sources "discuss AR benefits broadly without differentiating
between different types of AR implementations (e.g., mobile vs. headset)". This means some
conclusions might be overgeneralised.

e In autonomous vehicles, not distinguishing between levels of autonomy (from basic assistive
systems to fully autonomous) or between types (trucks vs. drones vs. automated tower cranes) is
noted as a limitation. The challenges and timeline for a fully self-driving construction vehicle differ
from those of a semi-automated one, but the dataset largely lumped them together.

e |oT covers a huge range (sensors, wearables, machinery telemetry) but tends to be discussed in
aggregate. Similarly, "digital twin" can mean different things (process twin vs. product twin), and
cybersecurity has many facets (network security, device security, data privacy) that weren't always
specified.

e BIMis abroad term too - some sources might refer to basic 3D modelling, others to an integrated
7D BIM approach - but the dataset treats it uniformly.

This lack of granularity is a bias in that the analysis deals with averages. It may gloss over the fact that
within a technology category, some applications are far more ready or beneficial than others. For example,
AR via smartphones might be readily usable, whereas via MR headsets might face more challenges, but if
not separated, the findings become averaged.

So, while we talk about "AR benefits," readers should note that the specific mode of implementation can
change the outcome. The same goes for any broad category - results could differ in specific sub-cases. This
limitation suggests that future data should strive to be more fine-grained, and any actionable insight might
require drilling down to the specific context of the technology's use.

Limited Timeframe and Evolution

The data is a snapshot in time (up to the middle of February 2025) of an evolving landscape. There is an
inherent limitation that what is true in the data now may change rapidly. For instance, costs are coming
down, new standards are being introduced, and workforce skills are improving year by year. Some biases
(like heavy vendor content) might also shift as technologies mature, and more independent evaluations
emerge.

Therefore, this analysis might slightly overemphasise current obstacles that could be resolved (or,
conversely, could underestimate future issues that haven't appeared yet). It's essentially a moving target - a
limitation of any study in a fast-evolving field.
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Methodology

This section explains how we searched academic databases and analysed research papers to understand
emerging technologies (ETs) in construction from a global, post-2020 perspective. It mirrors — but is
distinct from — the Google-search method described earlier.

1. Search-parameter design

1. Translate Converted our three Google phrases into Boolean-style  Scholar/Scite ignore long
Google keyword strings suited to Google Scholar and Scite.ai natural-language phrases;
phrases (e.g., ("robotics" OR "construction robot") AND Boolean improves precision.
("construction" AND "building")).

2. Tool- Fine-tuned syntax separately for Scholar and Scite Maximised relevant hits in
specific because each handles quotation marks, parentheses both engines.
tweaks and truncation differently.

cplcl =118 Removed the “Australia” limiter to capture worldwide Many cutting-edge studies
research and benchmark local findings. are published outside
Australia.

After multiple trial runs, we settled on 32 search strings:  Ensured each technology
16 for Scholar and 16 for Scite, covering the same 16 was queried in both
ETs. databases.

Inclusion rules

1. Published 2020 or later
2. Open-access full text available
3. Paper available in English
2. Screening and data capture
Because many hits were direct-download PDFs, we combined searching and coding in one pass:
1. Run one Boolean string — review the results list.
2. For each eligible paper:
o Download or open the PDF/web page.
o Record bibliographic details and URL in the project Google Sheet.
3. Al-assisted content extraction

We built a Perplexity.Al prompt through four refinement cycles (draft in GPT-40 — test in Perplexity —
adjust — retest). The final prompt delivered, for every paper:

e Three verbatim quotes capturing its key contribution.

e Structured summary (~150 words) covering aims, methods, findings, and any construction-specific
insight.

Researchers spot-checked random papers; every check confirmed the Al summaries matched the originals,
eliminating hallucinations.
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4. Two-stage thematic analysis
Base categories (set at project start)

e Benefits & Applications

e Challenges & Limitations

e  Workforce Impact

e  Future Outlook/Trends

e Recommendations
Stage 1 - ET-by-ET coding

e Prompt iteratively refined and benchmarked across GPT-40, GPT-10 Pro, Claude 3.5 and Perplexity
Pro (three test rounds).

e GPT-10 Pro produced the most accurate counts; it tagged each paper and produced:
o One-line theme-labelled abstracts.
o Atable with Category, Theme/Code, Description, Frequency.
Stage 2 - Cross-technology synthesis
e Promptdrafted in GPT-10 Pro; Claude 3.5 proved best at merging the large Stage 1 tables.
e Outputs: consolidated frequency tables, cross-ET comparisons, and headline insights.
5. Quality assurance & outputs
e Frequency audits - Manual checks of automated counts and category assignments.
e Spot checks - Random papers re-read to confirm Al accuracy.

e Version control - All summaries stored in Google Sheets; thematic tables archived in Word and
Excel.

Outcome

Using carefully crafted Boolean searches, strict inclusion rules, and rigorously tested Al prompts, we
reviewed post-2020 open-access research from around the world. The resulting dataset — systematically
coded and quality-checked — provides a reliable academic counterpart to our Google-search findings,
enabling a balanced view of how 16 emerging technologies are discussed in scholarly literature versus
industry web sources.
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DATA SNAPSHOT

Research Paper Frequency

The accompanying table shows how many papers we retrieved for each emerging technology across
Google Scholar and Scite.ai. Duplicate entries between the two platforms were merged so that a paper
indexed in both sources was counted only once.

Note on cross-domain papers

o Duplicates: Sixteen papers were indexed under two technology domains and therefore appear
twice in the frequency table. The total count of unique papers is 326.

e  Multi-topic references: Many additional papers briefly referenced one or more extra
technologies; however, when the secondary topic was not a primary focus of the study, the paper
was logged only under its main, high-level domain(s). This keeps the dataset centred on papers
that provide substantive coverage of each technology while still acknowledging genuine cross-
domain contributions.

3D Printing 44
Al 36
Augmented Reality 16
Autonomous Vehicles 14
Blockchain 29
BIM 30
Cybersecurity 11
Digital twins 18
Drones 20
Exoskeletons 15
loT 15
Mixed Reality 8
Robotics 11
Simulators 12
Site Sensors 10
Virtual Reality 53
TOTAL 342
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BIM: 8.8%__

Blockchain: 8.5%_

Digital twins: 5.3%/

Emerging technology focus: The data shows
search interest across various emerging
technologies, with immersive technologies and
digital fabrication leading the way. Virtual Reality
stands out as the clear leader with 15.5% of all
searches, suggesting it remains the most sought-
after emerging technology in this dataset.

Technology clusters: Several interesting clusters
emerge when we group related technologies:

e Immersive technologies: Virtual Reality,
Augmented Reality, and Mixed Reality
together account for about 22.5% of
searches

e Construction tech: BIM and 3D Printing
combined represent about 21.6% of
searches

e Autonomous systems: Drones,
Autonomous Vehicles, and Robotics
make up around 13.2% of searches

Distribution pattern: The data shows a "long
tail" distribution typical of technology interest - a
few technologies dominate searches while many
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I/3D Printing: 12.9%
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_Virtual Reality: 15.5%

v

' ‘ _Mixed Reality: 2.3%

_Site Sensors: 2.9%
Robotics: 3.2%

Cybersecurity: 3.2%

utonomous Vehicles: 4.1%
\loT: 4.4%

others receive modest attention. The top 5
technologies (Virtual Reality, 3D Printing, Al, BIM,
and Blockchain) account for about 56% of all
searches.

Search gaps: Some notable technology areas
have relatively low search volumes, particularly
Cybersecurity (only 3.2% despite growing
importance), suggesting potential misalignment
between research interest and industry
importance.

Digital twins & loT: These complementary
technologies together account for about 9.6% of
searches, indicating growing interest in
connected physical-digital systems.

Thematic Analysis - high level snapshot table

Thematic analysis was conducted on the data to
help us understand the themes the literature
tends to focus on. The bar chart below
summarises what the literature talks about most.
We coded every paper at a high level and then
counted how often each theme appeared; the
taller the bar, the more papers addressed that
topic.
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Technology

Integrat on

Design & Innovation

Adoption & |
Implementation

Workforce 8 Skills

Sustainability &
Environmental
Impact

Safety & Risk

Management

Data Management &
Digital Infrastructure

Security, Privacy &
il
Cansiderations
Regulatory & Policy
Frameworks

0 35 70 105 140

Frequency

High level sub-category analysis:
Technology Integration (131 codes - 37.75%)
Digital convergence is the standout theme. Organisations are grappling with how to weave BIM,
loT, digital twins, AI/ML and automation into a single, interoperable stack while balancing cost,
training, and security. Frequent mentions of “integration complexity,” “inter-robot coordination,”
and “interoperability issues” show that the technical join-up remains a hard engineering problem.
At the same time, positive signals — such as references to productivity boosts, real-time
monitoring, and predictive capabilities — reveal clear business appetite. Ongoing investment in
staff upskilling, pilot use-cases, and standardised protocols is viewed as the fastest route to
smoother deployments.

Design & Innovation (69 codes - 19.88%)

R&D momentum is strong, with attention split between pushing boundaries (design freedom,
generative tools, low-code platforms) and removing pain-points (material optimisation, cost/time
cuts, visual simulation). The dataset highlights the industry’s move toward user-centred, secure-by-
design approaches and cross-disciplinary teaming. However, repeated flags for “technical
limitations,” “standardisation gaps,” and “regulatory hurdles” show that creative ambition often
runs ahead of codified rules and skills availability.

Adoption & Implementation (54 codes - 15.56%)

These entries focus on the real-world slog of taking prototypes to production. Big sticking-points
are high capital outlay, fragmented standards, and cultural push-back. Mentions of staged rollouts,
government incentives and procurement reform suggest that firms are searching for risk-managed
pathways. Notably, blockchain, cyber-physical systems and digital currencies surface here —
technologies that promise trust and traceability but still face steep learning curves and unclear ROI.

Workforce & Skills (48 codes - 13.83%)

Labour transformation is both a concern and an opportunity. Codes about skill shortages, role
evolution and multi-skilling underscore a tight talent market. “Pilot projects” and “leadership
engagement” appear often, indicating that employers are trialling new job models while trying to
keep existing staff on the journey. New roles —data coordinators, robot technicians, digital safety
leads — are emerging, but structured training pipelines lag demand.

Sustainability & Environmental Impact (21 codes - 6.05%)

Sustainability themes link closely to project efficiency, lifecycle management and resource
optimisation. References to carbon tracking, waste reduction and net-zero goals are present but
less frequent than cost or productivity drivers. The appearance of “government support” suggests
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external pressure is nudging firms toward greener methods, yet the data also reveals awareness
gaps and cost barriers that still mute uptake.

Safety & Risk Management (10 codes - 2.88%)

Safety entries centre on injury prevention, musculoskeletal risk reduction and embedding safety
features into new technologies (e.g., exoskeletons, VR training). While the frequency is modest, the
language is proactive — “protocol enhancement,” “safety culture” — signalling that digital tools are
increasingly viewed as enablers of safer sites rather than after-the-fact checks.

Data Management & Digital Infrastructure (6 codes - 1.73%)

Data quality, secure asset management and processing complexity dominate this small subset. The
low count masks high strategic importance: without robust data pipelines, advanced analytics and
digital twins cannot deliver promised value.

Security, Privacy & Ethics (5 codes - 1.44%)

Cyber-concerns appear across several categories but cluster here around transparency, trust, and
privacy-by-design. References to “security culture” and “ethical considerations” hint at growing
recognition that technical controls must be matched by governance and behaviour change.

Regulatory & Policy Frameworks (3 codes - 0.86%)

The lightest category, yet pivotal. Mentions of flight restrictions (for drones) and overarching policy
development show regulators still playing catch-up with rapid tech evolution. Clearer guidance is
repeatedly cited as a prerequisite for wider commercial rollout.

High Level Categories
This table captures the frequency of the high-level categories across literature.

Benefits & Applications 110 22.68%
Challenges & Limitations 109 22.47%
Workforce Impact 96 19.79%
Future Outlook/Trends 89 18.35%
Recommendations 81 16.70%

Total 485 100%

These findings illustrate that Benefits & Applications (22.68%) and Challenges & Limitations (22.47%) occupy
nearly equal prominence within the research, highlighting both the positive impacts and the significant
barriers associated with the subject of study. Workforce Impact (19.79%) also emerges as a key area of
concern, reflecting a notable emphasis on how new developments affect job roles, training needs, and
broader labour considerations. Meanwhile, Future Outlook/Trends (18.35%) underscores the research
community's interest in anticipating and understanding forthcoming developments, while
Recommendations (16.70%) confirms that researchers not only identify issues but also propose tangible
solutions. The near-equal distribution of focus across these categories reflects the typically unbiased stance
of academic inquiry, which strives to objectively evaluate potential benefits, address limitations, and offer
informed guidance — often free from commercial agendas
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Report

Preamble

The literature search and thematic-analysis stages
produced a substantial academic evidence base for
reporting. Al assisted with the draft by:

e shaping the overall report framework
e extracting key insights from each dataset
e expanding the narrative to align with our report style

Researchers then reviewed, fact-checked and refined the
Al-generated line. After a full content audit, the team took
the draft offline, applied human edits for clarity and
rigour, and finalised the text.

Introduction

This report summarises insights drawn from 342 open-
access research papers identified through our Boolean
search strategy across 16 emerging-technology domains.
Whereas the Google-search phase captured Australian
industry perspectives, this literature review offers a global
academic viewpoint to balance and enrich the overall
study. They are organised under eleven headings:

. Summary of Findings

. Benefits & Applications (Cross-Cutting Advantages)
. Challenges & Limitations (Common Obstacles)

. Workforce Impact (Jobs and Skills Transformation)
. Future Outlook (Trends and Trajectories)

. Recurring Patterns in the Data

. Recurring Themes in Source Perspectives

. Emerging Consensus Points

. Areas of Contradiction and Tension
10.Recommendations (Shared Strategies for Adoption)
11.Biases and Limitations in the Datasets.
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== Cross-Cutting Benefits (Consistent Across Technologies)

Streamlined Project Delivery:
Automation, real-time monitoring, and
predictive analytics reduce delays and
boost project speed.

e Resource Efficiency: Technologies
reduce waste, optimise material use, and
lower operational costs across the
lifecycle.

o Risk Reduction & Safer Sites: For
example, robotics, drones, Al hazard
detection, and immersive safety training
reduce site incidents.

e Accuracy & Quality Uplift: Digital tools
minimise human error, improve build
precision, and reduce costly rework.

Enhanced Stakeholder Coordination:
Technologies such as AR/VR, BIM, and
digital twins facilitate shared
understanding and live collaboration.

Creative Design Enablement: 3D
printing, generative Al, and MR open up
new architectural possibilities and
structural innovation.

Support for Green Building Goals:
Technology-driven practices (e.g. Al-led
optimisation, smart materials, digital
lifecycle tracking) underpin carbon and
energy reduction.

5 Common Barriers & Adoption Challenges

¢ Investment Thresholds Are a Hurdle:
High upfront costs remain a major
blocker, especially without immediate
payback.

e Outdated Regulatory Frameworks:
Most technologies operate ahead of the
rules —codes, laws, and contracts lag
behind.

e Complexity of Technology Integration:
Mismatched software, fragmented data
systems, and legacy infrastructure
hinder interoperability.

Insufficient Digital Skills Pipeline:
There is a systemic shortage of qualified
personnel to implement, operate, and
support new technologies.

Industry Resistance to Change:
Traditional mindsets and concerns over
job security slow the uptake of
disruptive solutions.

Data Vulnerabilities Are Growing: As
digital systems expand, so too do the
risks of breaches, data misuse, and
system failures.
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New Roles Are Emerging Fast:
Construction now requires drone pilots,
BIM coordinators, Al technicians, cyber
leads, and data analysts.

Shift from Manual to Digital

Competence: The ability to interpret
models, run simulations, and manage
smart systems is becoming essential.

Mixed Outlook on Job Impacts: While
some fear automation will reduce

Future Trends & Direction

Integration Will Drive Transformation:

Technologies will increasingly work in
unison —Al analysing data from loT
devices visualised in BIM or MR.

Automation Momentum Is Building:
Robotics, Al, and autonomous vehicles
are set to perform more site and

planning tasks with less human input.

Environmental Pressures Will
Accelerate Technology Use:
Sustainability targets and ESG

Emerging Consensus Points

Technology Adoption is Non-
Negotiable: There is universal
agreement that digital transformation is
vital to competitiveness and survival.

Better Safety Through Technology is a
Shared Priority: Nearly every source
highlights measurable improvements in
safety outcomes as a key value.

Education and Standards are Critical
Enablers: Without skilled users and
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employment, others see more technical
and analytical jobs being created.

Safer and Healthier Work
Environments: Tools like exoskeletons
and automated machines reduce
physical strain and workplace injuries.

Need for Long-Term Training
Investment: Lifelong learning and
curriculum reform are vital to prepare
future-ready construction professionals.

compliance are making technology-
enabled building practices a necessity.

Policies Will Begin to Catch Up:
Standardisation and regulatory
mandates will become more common to
ensure safe, ethical, and consistent use.

From Experimentation via Pilot
Projects to Everyday Practice: The
current reliance on pilots will give way to
wider deployment as tools prove value
and costs drop.

guiding frameworks, even the best
technology won't succeed.

Sustainability is a Rising Driver:
Technologies are increasingly aligned
with circular economy goals and carbon
reduction expectations.

Collaborative Culture Matters:
Organisational openness and leadership
engagement are decisive factors in
successful adoption.
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"@ Points of Tension & Contradiction

e Workforce Outcomes Remain Unclear:

Some sources see net job loss; others

see net gain — especially in higher-skill

areas.

e Investment Risks vs. Long-Term
Payoff: Firms are stuck between high
costs now and potential (but delayed)
benefits.

e Push for Urgency vs. Need for

Caution: Technology advocates promote

@ Recurring Patterns Across Technologies

e Shared Value Propositions: Most
technologies offer similar benefits —

speed, quality, safety, cost control, and

sustainability.

e Predictable Adoption Obstacles: The

same issues appear repeatedly: cost,
resistance, lack of skills, and unclear
regulations.

e Human Capability is Central: Tools
only succeed if people are trained,

motivated, and supported to use them.

5]
& Recommendations for Adoption

e Develop Clear Implementation
Roadmaps: Use pilot projects to test
viability, refine workflows, and scale
responsibly.

e Prioritise Workforce Development:
Invest in practical, targeted training
across all levels — on-site, managerial,
and academic.

e Strengthen Industry Partnerships:
Encourage collaboration between
builders, educators, vendors, and
government to share costs and
knowledge.
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fast adoption; practitioners highlight
readiness gaps and delivery risks.

Data Sharing is Both an Asset and a
Threat: Collaboration demands
openness, but fear of IP loss or breaches
discourages transparency.

One-Size-Fits-All Standards May Not
Work: Calls for unified frameworks clash
with the need for flexibility across
diverse projects and context

Slow Start, Fast Finish Trajectory:
Most technologies follow a pattern of
cautious piloting followed by rapid
mainstreaming.

Systems are Converging: Solutions are
increasingly designed to plug into
broader digital ecosystems, not operate
in isolation.

Align Technology with Business Goals:
Focus on technologies that directly
improve project delivery, safety, or client
outcomes.

Embed Security and Ethics from the
Start: Treat cybersecurity, privacy, and
safe use as foundational, not add-on,
considerations.

Advance Policy and Standard Setting:
Help shape pragmatic, flexible
regulations and contribute to
development of common frameworks.
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Limitations & Biases in the Dataset

e Heavy Focus on Innovators and all Al or all drones) can blur important
Vendors: Most data comes from early differences in maturity and use case.
adopters or proponents — mainstream
firms and sceptics are
underrepresented.

e Insufficient Long-Term Data: Many
claims rely on projections, short pilots,
or early-stage outcomes rather than

e Worker & Client Perspectives Are longitudinal evidence.

Lacking: The voices of site staff,
tradespeople, and project owners are
rarely captured in depth.

e Research is Quickly Outpaced by
Innovation: With technologies
advancing rapidly, some insights may

e Technology Categories Often Too already be dated or superseded.
Broad: Grouping diverse solutions (e.g.,
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Benefits & Applications (Cross-Cutting Advantages)

From this conducted literature review, it is evident that the construction industry is rapidly integrating a
diverse range of emerging technologies (ET) that hold promise for transforming project delivery. From
advanced Al-driven analytics and robotics to immersive VR training environments and blockchain-enabled
transactions, these innovations collectively offer new avenues for enhancing how structures are designed,
built, and maintained. Although their maturity and adoption vary, the evidence suggests that ET can bring
tangible improvements across multiple project phases, affirming the growing influence of digital solutions
in construction.

Among the many advantages of these technologies, heightened efficiency and speed stand out as common
themes across diverse use cases. Tools such as Al-based scheduling, drones for site inspections, and 3D
printing have been associated with significant reductions in construction time, while VR training and
simulators shorten the lead time for workforce skill development. Cost optimisation remains an equally
prominent thread: better planning and fewer errors help minimise material waste and labour demands,
leading to more financially efficient projects. Safety improvements — ranging from Al-powered hazard
detection to robotics in hazardous environments — are frequently cited, and quality assurance gains arise
through the precision of digital systems that reduce rework. Meanwhile, real-time collaboration promotes
transparency for all stakeholders, and new design possibilities enable creative freedom while supporting
environmental sustainability goals. These benefits extend into lifecycle optimisation, informing decisions
well beyond the initial build, and contribute to strategic differentiation for organisations seeking a
competitive edge.

Collectively, these benefits are best described as cross-cutting, meaning they consistently emerge across
multiple technologies, applications, and project phases rather than being isolated to specific scenarios. This
cross-cutting nature underscores their broad relevance and applicability, making them especially valuable
for driving comprehensive industry-wide improvements.

Turning to real-world applications, these innovations are finding use in every stage of construction, from
early design to final operations. Al and predictive analytics are applied to scheduling and resource
allocation, while drones and digital twins enable accurate site surveys and faster decision-making cycles. 3D
printing and robotics offer novel methods for fabricating building components with precision, and VR or MR
platforms immerse teams in realistic environments for both safety training and design reviews. Blockchain
and cybersecurity solutions protect transactions and data integrity, complementing the collaborative
workflows fostered by BIM. As these technologies continue to develop, they are increasingly employed in
operational phases through loT-driven performance monitoring, blockchain-based compliance, and digital
twin platforms for long-term asset management.

Analysing the data captured from the literature review has highlighted several important dimensions
related to Benefits & Applications, which consistently emerged across the sources reviewed. These
dimensions are inherently multi-faceted, with the extent and depth of ETs within each dimension
influenced by factors such as technology maturity and the return on investment observed by organisations.
The following section explores these key dimensions.

Cost Optimisation & Financial Efficiency

Cost optimisation is a widely shared advantage. AlImost every domain reviewed includes claims of reduced
costs through better planning, fewer errors, improved material utilisation, and lower labour demands. 3D
printing and robotics eliminate the need for formwork and manual labour in some cases, slashing
production and assembly costs. Al and BIM enhance estimation accuracy and reduce the likelihood of
budget overruns, while blockchain offers cost savings through automated payments and reduced disputes.
Cybersecurity, while often seen as a protective function, also plays a critical cost-saving role by reducing
financial risk associated with data breaches and system failures.
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Safety Improvements On-Site and Online

Safety enhancements are well-documented across technologies. Al-based site monitoring, computer vision,
and real-time risk detection help identify hazards before they escalate, while drones and autonomous
inspection tools reduce the need for personnel to enter dangerous environments. Robotics and
exoskeletons decrease the physical strain placed on workers, mitigating injury risks. Meanwhile, VR
simulators and AR overlays offer immersive safety training experiences, allowing users to learn and prepare
for high-risk tasks in low-risk environments. Cybersecurity technologies also contribute by securing digital
infrastructure against cyber-physical threats that could impact operations or worker safety.

Quality Assurance & Construction Precision

Improved build quality and higher accuracy are also notable cross-cutting benefits. Digital systems,
particularly BIM, 3D printing, and Al, offer precision that significantly reduces human error and the need for
costly rework. Robotics provide consistent execution of repetitive or detail-intensive tasks, while blockchain
contributes by enabling verifiable records of material quality and process compliance. These technologies
enhance quality control from planning to delivery, ultimately raising project standards and client
satisfaction.

Real-Time Collaboration & Transparency

Collaboration and communication see significant uplift through the use of shared digital environments.
Tools like BIM, AR/VR, and digital twins allow all stakeholders — architects, engineers, contractors, and
clients — to interact with shared visualisations and real-time project data. Blockchain adds transparency by
maintaining immutable records of decisions, transactions, and compliance milestones. Together, these
tools reduce miscommunication, align expectations, and build trust throughout the construction lifecycle.

Design Freedom & Creative Potential

In terms of design flexibility, the combination of 3D printing, Al-driven generative design, and MR
technologies has enabled previously unbuildable structures and rapid customisation of components. Digital
design workflows support experimentation, optimisation, and client feedback at early stages, reducing late-
stage changes and allowing greater creative control. As these systems mature, their ability to balance form,
function, cost, and environmental impact is increasing rapidly.

Environmental Sustainability & Green Innovation

Sustainability is another growing area of benefit. The data shows that many technologies are actively
enabling greener construction practices. 3D printing reduces material waste, Al and loT improve energy
efficiency through predictive control, and BIM supports environmental modelling and life-cycle analysis.
Blockchain is being explored for carbon credit tracking and verifying green compliance, while digital twins
offer ongoing insights into operational energy consumption and emissions. These technologies collectively
support industry and policy shifts toward carbon neutrality and circular economy principles.

Lifecycle Optimisation & Asset Management

Beyond the build phase, many of these technologies support long-term asset management and lifecycle
optimisation. BIM and digital twins extend beyond design into operations and maintenance, offering facility
managers real-time data to support predictive maintenance and performance benchmarking. 1oT sensors
collect data on system health and usage, while blockchain secures this data for future reference. These
capabilities extend the life of assets and reduce long-term operating costs, while cybersecurity ensures
continuity and protection for data-driven infrastructure.

Workforce Development & Capacity Building
Technology is also reshaping the workforce — not just in terms of automation, but as a platform for
capacity building. Simulators, MR, and VR training environments deliver more effective, scalable training for
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workers. Tools like BIM and Al cultivate cross-functional digital fluency, while robotics and exoskeletons
reduce fatigue and open opportunities for a more inclusive workforce. Cybersecurity awareness training
and digital skills development are becoming central to modern construction workforce strategies, enabling
both frontline and back-office staff to adapt to new responsibilities and threats.

Strategic Differentiation & Competitive Positioning

Finally, these capabilities contribute to measurable competitive advantage. Digitally mature firms are better
positioned to win government or ESG-linked contracts, attract talent, and deliver complex projects faster
and more reliably. Their ability to offer sustainable outcomes, cost transparency, and operational
intelligence provides clear differentiation in a sector that is increasingly being shaped by digital credentials,
innovation reputation, and risk-managed delivery. Across all fronts, the benefits and applications of these
technologies reinforce not only operational gains but also strategic positioning in a changing market.

Challenges and Limitations (Common Obstacles)

The journey of adopting emerging technologies within the construction industry is marked not only by
transformative potential but also by significant hurdles that can impede or even derail successful
integration. While technological advancements promise substantial improvements in efficiency, safety, and
profitability, the practical reality often includes encountering numerous common obstacles. Recognising
and understanding these challenges is critical to successful technology adoption, as it allows stakeholders
to proactively address issues and implement strategic solutions.

Throughout the literature reviewed, numerous challenges and limitations were consistently cited as
significant factors influencing technology adoption. Upon analysis, several high-level issues emerged
repeatedly as core obstacles faced by the construction industry. These broadly include complex financial
considerations, technical limitations, regulatory uncertainties, human resource constraints, and data
management complexities. Each category encompasses multiple interconnected issues, demanding a
comprehensive and systematic approach for effective navigation. Understanding these overarching
challenges can help industry stakeholders anticipate difficulties and develop strategies to mitigate risks.

The following sections explore these key challenges and limitations in detail, providing insights into the
specific obstacles most commonly encountered.

High Initial Costs & ROI Uncertainty

Almost every technology faces significant upfront costs — whether it's the capital outlay for 3D printers, Al
systems, AR hardware, drone fleets, or implementing BIM enterprise-wide. These implementation costs
deter especially SMEs and resource-constrained organisations. The ROI timeline often clashes with
immediate budget pressures: savings may accrue in later project phases (through fewer errors, rework, or
long-term maintenance benefits), but justifying the initial expense to stakeholders is difficult. This leads to a
tension repeatedly noted: short-term cost burden vs. long-term gains. Many sources call for pilot projects
and phased rollouts to demonstrate value gradually.

Technical & Integration Hurdles

Each innovation brings technical constraints. 3D printing struggles with material properties, structural
integrity of printed elements, and reinforcement embedding. AR has issues with accuracy, lighting, and
hardware limitations (tracking in bright sunlight, device battery life). Drones and AVs grapple with
navigation in dynamic sites and sensor reliability. Integration with legacy systems is a widespread challenge:
e.g. plugging Al or blockchain into existing project management software, or synchronising drone data with
BIM models. Interoperability issues and a lack of common data formats often force costly custom solutions.
It is impotent for stakeholders to understand that as technologies evolve and mature, scaling from pilots to
enterprise-level use will uncover numerous engineering obstacles.

=] BENCHMARK™* July2025 85|Page

business advisory

CONSTRUCTION INDUSTRY TRAINING COUNGIL



DIGITAL BLUEPRINT Emerging Technologies Research Project

Standards, Regulations & Legal Ambiguity

Regulatory frameworks often trail innovation, creating uncertainty. There's a void of standards for 3D-
printed building approval. Drones face airspace regulations and flight restrictions. Autonomous machinery
lacks clear safety codes on job sites. Blockchain in construction has undefined legal status around smart
contracts and liability. And cybersecurity lacks construction-specific guidelines. This uncertainty can either
slow adoption (organisations hesitate without clear rules) or result in risky deployments without
governance. The data shows call for both government mandates (to force modernisation) and caution
against heavy-handed regulation that might stifle innovation. Until clear standards and policies catch up,
many organisations operate in a grey area, uncertain about compliance and best practices.

Workforce Resistance & Skill Gaps

Alack of skilled personnel and, conversely, fear among existing workers of new tools, are twin hurdles.
Many regions report a shortage of BIM experts, Al specialists, and drone operators, etc. Simultaneously,
veteran professionals may resist learning “yet another software” or fear that automation threatens their
jobs. This human factor is cited as a bottleneck in multiple domains: “cultural inertia” in BIM, “reluctance to
adopt new tech” in Al, “industry’s conservatism” with AVs, and a low cybersecurity awareness on sites. Bridging
this gap requires not just formal training but change management: clear communication of benefits,
involving end-users in technology design, and perhaps most importantly, leadership commitment to drive a
culture shift.

Data Issues (Quality, Silos, Privacy)

Data is the fuel for digital technologies, yet poor data quality and fragmentation plague the industry.
Construction data can be inconsistent, siloed in different formats, or simply not collected. Al projects stall
due to insufficient or biased datasets. IoT generates floods of sensor readings that overwhelm without
proper management. Cybersecurity and privacy concerns further complicate data sharing: organisations
are wary of pooling data for Al if it might expose sensitive info. This creates a paradox noted in the
literature: the industry needs more integrated data to unlock technology value but must tightly guard data
to protect privacy and IP. Until standards for data governance and trust frameworks emerge, data-related
challenges will limit technology’s potential.

Fragmented Implementation & Lack of Best Practices

Many insights come from isolated case studies or pilots rather than wide-scale rollouts. The literature
cautions that results from well-funded projects or specific locales (e.g. a showcase 3D-printed office in
Dubai, or an loT-enabled site in the UK) may not generalise. Publication bias might over-represent success
stories where technology worked, while failures or underperforming trials remain unreported. Moreover,
terminology overlaps (one study’s “training needs” is another’s “skill requirements”) can cause confusion.
This fragmentation means there’s often no consensus playbook for, say, how to implement AR on a typical
construction site or integrate blockchain into procurement. Companies must navigate a learning curve
largely on their own, re-inventing wheels until more shared lessons and best practice guidelines circulate
industry wide.

Workforce Impact (Jobs and Skills Transformation)

As the construction industry embraces the various ETs identified in this research, significant implications for
the workforce become apparent. Rather than simply replacing human labour, these technologies often
transform job roles, requiring a new set of digital and cognitive skills. The literature indicates that this
transformation brings about both opportunities and challenges, including potential job displacement, skill
shifts towards digital proficiency, and the necessity for ongoing training and workforce development.
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Additionally, technology adoption influences organisational structures and leadership roles, underscoring
the importance of managing workforce anxiety and securing buy-in through proactive communication and
engagement strategies.

The shift toward technology-enhanced construction processes demands an adaptable workforce, capable
of continuous learning and cross-disciplinary collaboration. This transformation is not merely technical but
deeply cultural, requiring organisations to foster environments that value lifelong learning, flexibility, and
openness to innovation. Successfully navigating these changes will depend heavily on an organisation’s
ability to align technological investments with comprehensive training programs, clear communication, and
supportive leadership practices. The following section explores these core dimensions identified by this
research: job transformation, skill shifts, training needs, leadership roles, and managing workforce anxiety
and gaining buy-in.

Job Transformation Over Displacement

The introduction of Al, robotics, and automation is reshaping job profiles in construction. Studies
acknowledge concerns of job displacement — for example, 3D printing and robotics can reduce manual
labour needs by 50-80% in some cases. However, there is equal emphasis on new roles emerging. Many
sources highlight “routine-biased technical change” where repetitive tasks diminish, but demand rises for
skilled operators, data analysts, programmers, and maintenance experts. For instance, deploying drones
creates a need for licensed pilots and data processing specialists, Al adoption spurs roles for machine
learning engineers and BIM model managers. This introduces a tension: will technology cause net job loss,
or will it create more jobs than it replaces? The literature doesn't fully resolve this but consistently frames it
as a shift rather than a simple reduction.

Skill Shift - Digital and Cognitive Skills Rise

Traditional construction roles are evolving to require digital literacy and data-driven decision making.
Instead of solely physical skills, workers increasingly need to interpret BIM models, operate robotic
equipment, or respond to Al insights. The concept of a construction worker is expanding to include
cybersecurity awareness, basic coding/IT skills, and advanced equipment troubleshooting. The skills
transformation theme (cited in 25/31 Al sources for example) underscores that future project teams will
blend civil engineering expertise with software and analytical proficiency. Interdisciplinary competence is key:
a project manager who understands Al outputs, or an engineer who can tweak an AR overlay. Essentially,
the workforce must become tech-savvy generalists supported by specialists in emerging technology.

Training and Continuous Learning

To support this skill shift, massive training initiatives are recommended. There is consensus that one-off
training isn't enough — continuous upskilling is needed as tools evolve. Recommendations include:
integrating technology modules into university and trade programs (e.g., BIM or cybersecurity certificates);
on-the-job training programs for current staff; vendor partnerships for technical training; train-the-trainer
models to rapidly expand knowledge within organisations; and using technology to train, such as VR-based
training which is emerging as a novel method, allowing workers to practice with new tools in a low-risk
virtual environment (e.g., simulating drone flights or robot operations). The overarching point: Companies
that invest in their people - making learning a core part of work - will navigate the technology transition far
more smoothly than those that don't.

Leadership and Organisational Roles

New technology also impacts the organisational structure and leadership roles. For instance, many sources
call for executive-level cybersecurity leadership (like appointing a security champion or CISO) to instil a
security-oriented culture. BIM implementation often leads organisations to create BIM manager or
coordinator positions. As Al and data become strategic assets, roles like Chief Data Officer or innovation
managers become relevant. Additionally, cross-functional teams (IT with construction managers, data
scientists with project engineers) are increasingly necessary to manage and maintain these systems. This
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points to a more integrated corporate structure where IT and engineering departments converge, and
leadership must be conversant in both domains. The workforce impact is not just at the craft level, but also
in how companies are organised and led.

Managing Workforce Anxiety and Buy-In

Introduction of automation often causes fear of job loss, which can hinder adoption. The literature suggests
that proactively addressing workers’ concerns is vital. Strategies include involving staff in pilot projects (so
they feel ownership of the change), transparently communicating that technology is there to augment, not
replace, and highlighting personal development opportunities (e.g. “This training will qualify you for a
higher-paying role”). Cultivating a positive narrative around technology - as tools that remove drudgery or
improve safety - can help gain workforce buy-in. The consensus is clear that technological change must be
paired with a human change strategy, unless you want great tools that no one wants to use.

Future Outlook (Trends and Trajectories)

Looking ahead, the construction industry is set to witness transformative changes driven by the
convergence and acceleration of emerging technologies. The literature underscores that no single
technology holds the key to future advancement; rather, it is the synergistic integration of Al, robotics, 10T,
AR/VR, blockchain, and other innovations that will define the industry's trajectory. This future points
towards fully smart construction sites characterised by comprehensive digital integration, increased
automation, and enhanced efficiency.

Additionally, sustainability and regulatory factors are expected to significantly shape the adoption of these
technologies. With a growing emphasis on sustainable and eco-friendly construction practices, technology
deployment is increasingly aligned with environmental objectives, such as reducing waste and lowering
carbon footprints. Concurrently, evolving regulatory frameworks and standards will mature to guide and
govern technology use, balancing innovation with necessary risk mitigation.

Market dynamics further reinforce an optimistic outlook, with substantial growth projected in technology
investments and mainstream adoption. As digital tools become more affordable and intuitive, supported by
a workforce increasingly composed of digital natives, the industry will likely achieve a new baseline for
productivity and operational insight. The following sections delve into these key future trends, exploring
how they might reshape construction practices and outcomes in the coming years.

Convergence of Technologies

Looking ahead, sources envision a construction site where these emerging technologies operate in concert.
Digital twins integrate real-time 10T data, analysed by Al, and visualised through AR/VR. Robotics and drones
handle routine tasks under the oversight of Al algorithms and remote operators, with blockchain ensuring
secure data exchange. This convergence trend suggests the next leap in productivity will come from
combining innovations - e.g., Al-enhanced BIM models for predictive planning or drone-enabled loT
networks for real-time site analytics. No single technology is a silver bullet; it's their synergistic use that could
truly revolutionise construction. The Industry 4.0 vision for construction is one of fully smart construction
sites with end-to-end digital integration.

Al and Automation Acceleration

Al is seen as an inevitable, transformative force, with its integration expected to accelerate in coming years.
Trends like generative Al (e.g., ChatGPT) are emerging for design assistance and documentation. Machine
learning will underpin everything from risk analysis to project scheduling. Robotics and AVs will also
become more common as sensor technologies and autonomy algorithms improve. The trajectory suggests
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that tasks considered too complex for automation today may be solvable in the near future, leading to
progressively autonomous construction operations (with humans supervising multiple automated agents).

Sustainability & Green Technology Integration

Future trajectories tie technology adoption to sustainability imperatives. There's growing alignment of
digital strategies with low-carbon and eco-friendly outcomes. For example, Al-driven optimisation of
materials to cut waste, loT energy management systems for smart buildings, and 3D printing using
geopolymers or recycled materials to lower carbon footprints. As governments and clients prioritise
sustainable construction (through regulations or incentives), technologies that demonstrate clear
sustainability benefits are likely to see faster uptake. We may also see green construction benchmarks (like
carbon reduction) being directly linked to technology use, further propelling their adoption.

Regulatory Evolution and Standard Maturation

In the coming years, expect more formal standards and regulations to emerge for these technologies. The
data points to initial steps: countries like the UK mandating BIM use, or draft guidelines for drone
operations on sites. Cybersecurity standards specifically tailored to construction (perhaps extensions of ISO
or NIST frameworks) are anticipated as the threat landscape worsens. Interoperability standards (open data
schemas for BIM/IoT, smart contract templates for blockchain, etc.) will likely solidify, making it easier to
integrate systems. As the technology matures and proves its value, regulators are expected to shift from a
laisses-faire approach to more defined requirements — balancing innovation with risk mitigation. The
trajectory is toward normalisation: today's “emerging technology” could become tomorrow's standard
practice codified in building codes and contracts.

Market Growth & Mainstreaming

Purely from a market perspective, investment in construction technology is rising. Projections in the 3D
printing domain show growth from a few hundred million dollars today to tens of billions within the
decade. Similar growth trajectories are noted for Al and loT adoption. This implies more vendors, more
solutions, and likely lower costs due to competition and scaling. Over time, as technologies mainstream,
they will become more affordable and user-friendly. The future construction workforce will include digital
natives for whom tools like AR or Al are second nature, further reinforcing adoption. The literature’s outlook
is optimistic: in 5-10 years, many of these tools could be as commonplace as BIM is becoming now in many
Countries, driving a new baseline for project execution efficiency and insight.

Recurring Patterns in the Data

Throughout this research, recurring patterns in the data have emerged, highlighting themes consistently
emphasised across various technology domains. "Recurring patterns" refer to common insights, challenges,
benefits, and strategic imperatives repeatedly identified within multiple studies or technology applications
reviewed. It is important to note that some of these patterns have already been mentioned in previous
sections because they intersect broadly across the technological spectrum, reinforcing their significance.

These recurring themes provide valuable context for understanding the collective impact and strategic
considerations of technology adoption in construction. They include overarching trends such as digital
transformation and interconnectedness, efficiency and productivity gains, safety enhancements, training
and skills development, cultural resistance and the importance of effective change management,
integration challenges, standardisation needs, and sustainability benefits. Recognising and addressing
these recurring themes is critical for stakeholders aiming to fully leverage technology's potential while
navigating the complexities of widespread adoption.
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Digital Transformation & Interconnectedness

Each technology — from Al and IoT to BIM, AR/VR, digital twins, and blockchain — is part of a broader
digitalisation wave transforming construction. This convergence underscores interdependencies: 10T
sensors feed data to Al models, BIM integrates with AR, and blockchain secures digital workflows. Such
highly interconnected systems bring new efficiencies but also heightened cyber risks. Across the board,
sources emphasise that these technologies are not stand-alone silos; rather they function best in tandem as
part of the Construction 4.0 ecosystem.

Efficiency, Productivity & Cost Savings

Nearly every technology promises significant efficiency gains, reduced delays, and cost optimisations. Al is
lauded for automating routine tasks, streamlining scheduling and resource allocation. 3D printing
consistently reports 50-80% cost reduction and 50-70% time savings. Autonomous vehicles (AV) improve
operational precision, drones accelerate site surveys, and AR/VR provide real-time decision support, all
contributing to faster, leaner projects. These combined efficiencies translate to higher productivity and ROI
across project lifecycles.

Safety Enhancement

A pervasive theme is improved safety through technology. Al-driven monitoring and computer vision
reduce accidents by proactively identifying hazards. Drones and AVs remove workers from dangerous
environments (e.g. remote inspections, hazardous material handling), aligning with AR/VR's immersive
safety training to prepare workers for on-site risks. In essence, these tools collectively shift construction
safety from reactive to preventative, mitigating human exposure to harm while raising overall safety
standards.

Training & Skills Development

People are as central to the transformation as technology. Every domain highlights a skills gap and the need
for extensive training to realise technology benefits. BIM adoption demands upskilling professionals in
digital modelling. Al integration suffers from a “shortage of professionals skilled in both construction and
Al". AR, drones, and mixed reality call for specialised operator training (often through new methods like VR
simulators). Cybersecurity similarly requires raising awareness at all levels - from frontline workers to
executives. There is universal consensus that sustained education programs, certifications, and curriculum
integration (e.g. adding BIM or cybersecurity modules to engineering degrees) are indispensable.

Cultural Resistance & Change Management

Despite clear benefits, a conservative industry culture slows technology uptake. “Resistance to change” is a
top-cited obstacle for Al (18/31 sources), BIM (22/27 sources), and AV/robotics. Longstanding practices, fear
of the unknown, and scepticism about new tools create inertia. Overcoming this resistance is a common
narrative: leadership buy-in, showcasing success stories, and fostering a “digital mindset” or security culture
are repeatedly emphasised as prerequisites for technology adoption.

Integration & Standardisation Needs

Across technologies, sources stress the lack of standards and frameworks to guide implementation. 3D
printing lacks established building codes. Al and loT need unified data standards for interoperability. AR
and mixed reality require integration with BIM/IoT and consistent user interfaces. Cybersecurity calls for
construction-specific frameworks and “secure-by-design” principles. The consensus: industry-wide protocols
and best practices are lagging behind innovation and developing these will be critical to ensure different
systems work together seamlessly while maintaining security and interoperability.
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Sustainability & Lifecycle Benefits

A growing cross-cutting theme is leveraging technology for sustainable construction. BIM's 6D/7D
extensions support lifecycle asset management and green building certification. Al's predictive analytics
help optimise energy usage and reduce carbon footprints. IoT monitoring curbs waste and improves
resource efficiency. 3D printing enables use of recycled materials and cuts material waste by up to 60%.
While not the top theme in all datasets, many references see these technologies as enablers of
environmental sustainability and circular construction practices, aligning with global ESG pressures.

Emerging Consensus Points

In the analysis of this research, several widely agreed-upon insights, referred to here as "emerging
consensus points," have been identified across diverse technological domains. These consensus points
represent shared viewpoints or common conclusions that have consistently emerged across the literature
papers despite varied technological focuses, underscoring their critical importance for the construction
industry's evolution.

Central to these points is the collective acknowledgment that adopting emerging technologies is essential,
not merely optional, for the industry’s sustained competitiveness and resilience. The imperative for robust
cybersecurity and data privacy frameworks also emerges prominently, given the expanded digital
connectivity and increased cyber threats inherent in these technologies. Equally, there is a shared
understanding of the need for data-centric infrastructure, promoting standardised and integrated data
practices to maximise technology's value.

Integrating technology into projects at the earliest stages, ensuring comprehensive consideration of design,
security, and functionality, is widely advocated, alongside the recognition that effective leadership and
cultural adaptation are fundamental for successful technology implementation. Moreover, the role of
government policy as a catalyst for adoption and the perspective that Al and automation should enhance
rather than replace human roles also represent strong points of agreement.

The following sections explore these emerging consensus points.

Technology Adoption is Essential, Not Optional

There is broad consensus that embracing these technologies is crucial for the industry’s future
competitiveness and resilience. Phrases including words such as “transformational, inevitable, key driver of
Construction 4.0" appear often. Whether motivated by productivity, safety, or client demand, the status quo
of purely manual, paper-based processes is considered unsustainable. The consensus is that the question is
not if, but how and how fast, organisations will adopt emerging technologies.

Cybersecurity and Data Privacy Must Underpin All Technology Use

A clear consensus is that digital innovation cannot come at the expense of security. All the new connectivity
(BIM clouds, loT sensors, mobile AR devices) greatly expands the threat surface. Virtually all sources
acknowledge cyber-attacks are a “when, not if” scenario and call for a culture of cybersecurity in
construction. This includes regular training, threat monitoring (often Al-driven), and contingency planning. A
secure foundation is seen as enabling rather than hindering technology adoption - giving stakeholders
confidence to digitise further. Hence, “cybersecurity culture is essential” appears as a consensus point in
the cybersecurity domain, echoing across all technology discussions.

Data-Centric Infrastructure
There's agreement that data is the lifeblood of modern construction management. Consensus calls for
investments in data infrastructure: from loT sensor networks to cloud platforms, and crucially the
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standardisation of data to avoid silos. Many sources stress that decisions are only as good as the data
feeding them, hence common consensus on improving data collection, quality, and integration practices.
For instance, establishing a single source of truth via BIM for projects, or using open data standards, is
frequently advised.

Integration and “Secure-by-Design” Mindset

A consensus theme is that technology must be integrated holistically into project processes, not applied as
afterthoughts. For example, don't just buy drones — redesign your inspection workflow around them. Don't
treat cybersecurity as a separate IT issue — embed it into every project phase and tool (“secure-by-design”).
The notion of embedding technology into the DNA of construction projects — from design charrettes that
use AR, to contracts executed via blockchain smart contracts — is a shared vision. This implies cross-
department planning and the early inclusion of technology considerations in project plans.

Role of Leadership and Culture

Multiple domains converge on the idea that leadership commitment and cultural change are preconditions
for success. If top executives champion digital innovation, allocate resources, and model a learning attitude,
initiatives thrive. Conversely, if leadership is ambivalent, even mandated tools may be underutilised. Many
references underscore that creating an innovative, collaborative culture (sometimes dubbed a “security
culture” in the cyber context, or a “BIM culture” for digital engineering) is universally beneficial. This includes
encouraging experimentation, not penalising failed trials, and recognising/rewarding employees who
embrace new methods.

Government and Policy as Enablers

There is consensus, especially in BIM and cybersecurity literature, that government involvement can
accelerate change. Be it through setting mandates (like BIM levels in public projects), providing funding for
innovation, or updating regulations to be technology-friendly, policy is seen as a powerful lever. While
there’s debate on mandate vs. market-driven (addressed below), most agree that some form of official
framework or support is needed to move the traditionally low-margin, risk-averse construction sector
forward in unison.

Al and Automation to Augment, Not Just Replace

In discussing Al, ML, robotics, there's a nuanced consensus forming that these technologies are best used
to augment human capabilities rather than outright replace humans. Many references champion the
concept of a "human-in-the-loop” approach, where Al handles data crunching and routine tasks, freeing
professionals to focus on creative and managerial duties. Similarly, robots/drones do the dangerous or
monotonous work, while humans supervise multiple operations. The consensus is that optimal outcomes
arise from human-machine collaboration. This viewpoint helps align technology advancement with
workforce development rather than framing it as antagonistic.
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Areas of Contradiction and Tension

Despite the broad consensus identified in previous sections, the literature also reveals significant areas of
contradiction and tension. These represent unresolved debates, differing perspectives, and competing
priorities within the industry and academic discussions, reflecting the complexity and nuanced realities of
technology adoption. Such contradictions do not indicate fundamental flaws but rather highlight genuine
dilemmas faced by industry stakeholders, especially when dealing with rapidly evolving technologies where
outcomes and implications remain uncertain or context dependent.

Key tensions include the balance between job creation and job loss due to automation, short-term costs
versus long-term benefits, and the role of regulatory mandates versus market-driven adoption. Debates
also exist around data sharing versus data security, standardisation versus flexibility, and inherent privacy
versus transparency concerns specific to blockchain technology. Furthermore, perspectives vary
significantly regarding the urgency of immediate technology adoption compared to a more measured,
future-ready approach. The following sections delve into these areas.

Job Creation vs. Job Loss

As noted, there’s conflicting narrative on whether technology will shrink the workforce or evolve it. Some
sources highlight net-positive job creation in technology roles and increased demand for high-skill labour,
while others highlight significant labour reduction and fear of unemployment in traditional trades. This
tension fuels debate on automation’s social impact. It's essentially efficiency vs. equity: maximising
productivity can mean fewer workers needed per project, but society needs to reabsorb or reskill those
workers. The literature doesn’t provide a unified answer, reflecting a real-world uncertainty.

Upfront Cost vs. Long-Term Benefit

Many authors disagree on how quickly benefits materialise relative to costs. BIM studies debate whether
ROI is immediate or only seen in later project stages. Drone and Al sources similarly diverge on whether
cost savings are quickly evident or if they require a longer learning curve. This leads to inconsistent advice:
some push for aggressive investment, others for caution until technology matures or becomes cheaper.
The tension can be summarised as short-term pragmatism vs. long-term vision. Companies struggle with
this: invest now for future gain, or wait and watch? The literature mirrors this dilemma without a one-size-
fits-all resolution.

Strict Regulation vs. Market-Driven Adoption

Particularly in cybersecurity and BIM, a tension exists between those calling for strong government
mandates (to force laggards to adopt, ensuring baseline standards) and those preferring voluntary, client-
driven uptake (arguing that overregulation can stifle innovation or burden SMEs). For example, some say
mandating BIM on all public projects is necessary, while others caution that without training support,
mandates could lead to superficial compliance. Similarly, in cybersecurity, some advocate for enforceable
standards given national infrastructure stakes, whereas others favour industry self-regulation coupled with
client pressure. This unresolved tension reflects a classic policy debate: carrot or stick? Likely a hybrid
approach may emerge (e.g., recommended standards now, turning into mandates later once capacity is
built), but the literature captures the current debate.

Data Sharing vs. Data Security

As mentioned, there's an inherent contradiction in needing more open data for Al/optimisation while also
needing to guard data privacy and security. Some authors champion open data ecosystems and
transparency, whereas others highlight proprietary data advantages and caution against sharing sensitive
project information. This can create friction even within organisations: IT/security departments may restrict
data access in ways that frustrate Al researchers or BIM collaborators. The tension requires careful
navigation: adopting data governance policies that classify what can be shared (for innovation) and what
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must be protected (for compliance/competitiveness). The literature suggests this is an ongoing balancing
act with no easy answer — each organisation must find its risk appetite sweet spot.

Standardisation vs. Flexibility

Standardisation is often called for (common BIM protocols, 10T standards), but a counterpoint arises: too
rigid standards might stifle innovation or not fit all use cases. Some flexibility allows tailored solutions and
technological creativity. For instance, if every project must follow a strict BIM execution plan template, can
teams innovate on better processes? Similarly, locking into one software standard might exclude newer,
better tools. This tension between uniformity and innovation is subtle but present. A consensus is emerging
that interoperability standards are good (so systems can talk), but process standards should allow
customisation. Achieving both is tricky and remains an area of debate.

Privacy vs. Transparency (Blockchain Specific)

In blockchain discussions, the idea of an immutable, transparent ledger clashes with privacy needs.
Construction projects often have confidential agreements and data. Some argue blockchain's transparency
builds trust and deters fraud; others worry about exposing sensitive info and the right to be forgotten.
Additionally, blockchain's association with cryptocurrencies raises environmental and legal concerns
(energy use, unclear regulation). A noted contradiction is between older Proof-of-Work critiques vs. newer
Proof-of-Stake efficiencies — whether blockchain can truly be sustainable remains debated. This indicates
that even within a technology's proponents, there's internal debate about the best way to implement it to
balance competing values.

Immediate Need vs. Future Readiness

Some references, especially those set in developing contexts or SMEs, argue the industry has more pressing
basic issues (quality control, basic project management) than high-tech solutions — a viewpoint of “walk
before you run.” In contrast, many paint a picture that not embracing technology now will leave laggards
hopelessly behind in the future. This tension is essentially about pacing: How urgent is adoption? Can
organisations wait for technology to mature more (risking being late adopters), or must they leap now
(risking immature technology pitfalls)? The literature doesn't unify here; it often depends on perspective
(academic futurists vs. cautious practitioners). It's a reminder that context (regional market, firm size)
heavily influences what is considered an acceptable pace of change.

Recommendations (Shared Strategies for Adoption)

Building on the preceding analysis of consensus points and areas of contradiction, this section outlines
shared strategies recommended across the literature to successfully navigate the complexities of
technology adoption in construction. It is important to note that these recommendations are derived
directly from the analysis of existing literature rather than the researchers' personal recommendations. The
strategies highlighted here represent common, high-level recommendation themes consistently identified
across multiple sources. Common strategic themes include workforce training, interdisciplinary
collaboration, pilot project implementation, robust ROl assessments, enhanced cybersecurity measures,
and proactive policy engagement, as detailed below.

Invest in Training & Education

The clearest shared recommendation is to upskill the workforce. Organisations should implement
comprehensive training programs at all levels, consisting of a mix of formal and short course training,
internal peer and subject matter expert delivered training, and external consultant and vendor driven
training. This internal training should not be seen as set and forget, or a do it once approach; rather,
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organisations are advised to embrace a mindset of continuous learning (using workshops, e-learning, VR
training modules, certification opportunities etc.). Many suggest creating role-based training: e.g.,
specialised paths for project managers vs. site supervisors vs. IT personnel, each focusing on how
technology augments their role. By treating knowledge as a strategic asset, companies can reduce
resistance and increase technology ROI.

To facilitate much of this, there is a requirement on training organisations to update curricula, integrating
emerging technologies into engineering/construction programs, seeking vendor and industry feedback in
doing so.

The message in the research is clear: organisations need to understand that they must budget for training as you
would for the technology itself - one without the other is bound to fail.

Foster Interdisciplinary Collaboration

Successful adoption requires breaking silos. Cross-functional teams that bring together engineers, IT
specialists, project managers, and even external experts (data scientists, academic researchers) are
recommended. These teams can pilot new technologies, share knowledge, and ensure solutions fit real-
world needs. Industry-wide, knowledge-sharing platforms or consortiums can help disseminate best
practices. Several sources advocate public-private partnerships and innovation hubs where companies,
universities, and government bodies collaborate on technology trials. Such collaboration not only speeds
up learning but also helps develop common standards, avoids duplicated effort, and spreads the cost and
risk of experimentation.

Start Small with Pilot Projects

Arecurring strategic tip is gradual implementation through controlled experimentation. Rather than
plunging into a company-wide rollout of, say, Al prediction tools or wearables for every worker, it's advised
to start with pilot projects or small-scale deployments. Choose a project or process where the technology
can address a clear pain point, implement it, and measure outcomes. Use these pilots to build internal case
studies - demonstrating the benefits (or understanding the limitations) in a controlled environment. This
approach allows for iterative learning, minimises risk, and builds confidence and buy-in through quick wins.
Many recommend that after pilots, organisations establish a roadmap for scaling technology, informed by
pilot results and including checkpoints for training and integration.

Develop Clear ROl and Business Cases

To secure executive support and funding, quantify the benefits. The literature suggests creating robust
business cases that detail not just the costs of adopting a technology but the expected returns: e.g., how
many hours saved, reduction in change orders, improved safety metrics, or new business opportunities
(like being able to bid for more complex projects). A data-driven ROI analysis helps shift the conversation
from “cost” to “investment.” Additionally, aligning technology adoption with strategic goals (like improving
safety record, achieving sustainability targets, or differentiating in the market) is recommended. By doing
so, technology initiatives aren't seen as pet IT projects but as core to the company’s mission, warranting
sustained support.

Strengthen Cybersecurity and Risk Management

As more technologies come online, a common recommendation is to embed cybersecurity and risk
planning from the outset. For any digital tool introduced, implement a parallel security protocol - whether
it's access controls for BIM data, encryption for drone data links, or regular cyber audits for 1oT networks.
Secure-by-design is advised: including security requirements in project planning, not as an afterthought.
Developing or adopting construction-specific cybersecurity frameworks is a shared strategy, ensuring that
all technology deployments meet a baseline security standard. This proactive stance will safeguard against
disruptions and also build trust with clients and stakeholders who might otherwise be wary of digital
systems handling sensitive project information.
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Policy Engagement and Advocacy

At an industry level, many sources suggest working with governments and standard bodies to shape
favourable conditions. This could mean advocating for supportive policies, like grants or tax incentives for
technology investment (especially to help SMEs), or participating in the formation of standards (for BIM,
blockchain, loT data formats, etc.). For instance, if a government is considering mandating digital
submissions for building approvals, industry input can ensure it's done in a practical way. Conversely, if
over-regulation is feared, the industry should provide evidence and frameworks for self-regulation to
preclude heavy mandates. Essentially, organisations shouldn't sit passively; they should help shape the
regulatory narrative so that it encourages innovation while addressing public interests (safety, security,
quality).

Biases and Limitations in the Datasets

While the preceding sections have outlined key themes, consensus points, contradictions, and
recommendations drawn from the literature, it is important to acknowledge potential biases and limitations
inherent within the datasets reviewed. These biases and limitations affect the interpretation and
applicability of findings, influencing conclusions and recommendations derived from the research. This
section identifies and explores several significant biases and limitations, including geographic bias, sample
and publication biases, temporal constraints due to rapid technological evolution, overlapping evidence,
inconsistencies in terminology and scope, a lack of longitudinal studies, and perspective biases stemming
from differing academic and industry viewpoints. Recognising these factors is crucial for accurately
interpreting the results and guiding future research efforts and practical applications in construction
technology.

Geographic Bias

Many studies are region-specific (e.g., a survey in UAE, a pilot in Malaysia, a case in the UK). Developed
countries and high-profile “smart cities” are often overrepresented, while emerging economies or rural
contexts see less coverage. This raises caution in generalising findings globally. For example, results from
technology-forward markets like Singapore or Dubai might not apply in markets with different labour costs
or regulatory environments. The datasets likely underrepresent regions like parts of Africa, Latin America,
or even smaller cities in developed countries, potentially skewing conclusions. A repeated note is to be
careful with global generalisation because of this patchy coverage.

Sample and Publication Bias

Much evidence comes from surveys, interviews, and case studies that might have self-selection bias (those
interested in technology are more likely to respond). Sample sizes are often small or non-random, focusing
on early adopters. Additionally, successful implementations are likelier to be published, whereas failures or
lacklustre outcomes might be omitted (publication bias). This could paint an overly optimistic picture. For
instance, if 10 companies tried Al and 2 succeeded brilliantly (and published results) while 8 struggled
quietly, the literature will highlight the 2 success stories disproportionately. The merged dataset
frequencies might thus reflect what's reported rather than the true distribution of industry experiences.

Overlap and Redundancy

Given that many sources are literature reviews or cite similar high-profile projects, there’s a risk of double-
counting evidence. The analysis notes possible overlap, where multiple papers discuss the same case (e.g.,
the Apis Cor 24-hour house or Dubai's 3D-printed office), giving a false sense of a breadth of evidence when
it's the same evidence cited repeatedly. Similarly, themes like “training needs” and “skill requirements”
might appear separate in a frequency count but actually refer to the same underlying issue. This can inflate
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the perceived consensus. The data extraction tried to consolidate synonyms, but the underlying literature
still has this redundancy bias.

Temporal Bias and Rapid Change

The period of references (roughly 2020-end of 2024) means findings can quickly become outdated in fast-
moving technology fields. For example, AR device capabilities or Al algorithms have advanced even in the
last year; older studies might undervalue current potential, while some forward-looking pieces might have
been too optimistic. The rapid evolution of these technologies means any literature review is a snapshot
that might not fully reflect the state-of-the-art by the time it's compiled. Also, COVID-19's influence (remote
work, heightened digital reliance) spiked interest in certain technology (like digital collaboration tools),
which could be a time-specific bias in the early 2020s data.

Terminology and Scope Discrepancies

Authors use terms inconsistently: one’s “Mixed Reality” might include AR/VR; another separates them; some
conflate “drones” under “autonomous vehicles.” Such fragmented terminology can lead to confusion or
mixing of distinct concepts. There's also variable scope - e.g., some studies look at “Al in Construction”
broadly, others at specific Al like neural networks for design. When merging data, if not careful, one could
merge apples and oranges (different technologies or scales) thinking they're the same theme. The
document did attempt to normalise this, but inherent differences remain. For instance, what one source
counts as a “source” (some included conference papers, others only journal articles) can differ, affecting
frequency tallies.

Lack of Longitudinal Data

Many findings are from short-term studies or pilots, meaning they capture immediate impacts, not long-
term outcomes. There's a notable lack of longitudinal research following a project through completion and
post-occupancy to see sustained impacts of technology. Thus, claims like improved lifecycle cost or long-
term ROI are often inferred or modelled rather than empirically proven over years. This is a limitation as
the true benefits/costs might only emerge over longer periods. We're often relying on proxies or
stakeholder perceptions in surveys rather than measured data over time.

Perspective Bias (Academic vs Industry)

The literature leans academic, with fewer voices from on-the-ground practitioners except via surveys. As
noted, academic enthusiasm might gloss over practical barriers that are important for contractors (like who
pays for what, or how to fit technology into tight margins). Conversely, industry publications might hype
vendor solutions without rigorous analysis. The merged dataset tries to compile evidence, but who is saying
it matters. For example, calls for “more research” often come from academics wanting future work, which is
a bias in itself. The text notes limited input from “construction workers, building officials, end-users, and
financing stakeholders” in 3D printing literature - a pattern likely true in other domains too, where c-suite
or technology experts’ opinions might dominate over site supervisors or clients’ views.

Nomenclature and Trendiness

Emerging technology research can be driven by trends - everyone writes about Al and BIM because they're
hot topics, possibly neglecting other impactful but less sexy innovations (like advances in formwork or
materials science). Also, some terms become buzzwords. The content mentions terms like “Construction
4.0," “Industry 4.0,” “cyber-physical systems” being used variably. The bias here is that some themes may
appear frequently simply because they are trending topics in academia or industry discourse, not
necessarily because of proportionate importance on the ground.
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This report analyses survey data collected from 20
organisations representing construction training
organisations based across Australia. The findings
reveal a sector in transition, recognising the
importance of technology adoption while navigating
significant implementation challenges.
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Training organisations represent diverse
types (public and private RTOs, industry
associations, specialist providers) and
offer a range of construction-related
qualifications across multiple states and
territories. These organisations are
incorporating various construction
technologies into their programs,
though adoption levels vary
considerably across providers and
technologies.

Despite widespread recognition of technology's
importance — especially for addressing
productivity gaps in construction — most
organisations are still in relatively early stages of
adoption. Key barriers include funding
constraints, infrastructure limitations, difficulties
in recruiting and retaining staff with technology
expertise, curriculum framework limitations, lack
of internal RTO agility, and varying levels of
internal digital literacy. Collaboration practices
are uneven: while industry association
engagement is strong through forums and
consultation, peer-to-peer collaboration between
training providers is often limited, and
engagement with technology vendors is
particularly underdeveloped.

Detailed Analysis

Profile of Training Organisations

Emerging Technologies Research Project

Organisations employ multiple delivery formats,
with blended learning approaches becoming
increasingly important for accessibility and
flexibility. They maintain various methods for
ensuring currency with industry practices, though
the extent and formality of these arrangements
vary. Looking forward, organisations plan to
expand their emerging technology training
offerings over the next three years, with strategic
investments needed in technology infrastructure,
staff capability development, and stronger
partnership models.

To accelerate the integration of emerging
technologies in construction training, this report
recommends: updating curriculum frameworks
to better incorporate emerging tech skills; RTOs
taking more ownership of course development
and update processes, by embracing a more
agile way of operating; expanding modern
delivery methods including simulation-based and
online learning; implementing targeted staff
digital upskilling programs; strengthening
partnerships with industry, peer organisations
and technology vendors; and addressing
systemic barriers through funding, policy
adjustments, and knowledge sharing initiatives.

The survey captured responses from a diverse range of training providers, including public and private
Registered Training Organisations (RTOs), industry associations, and specialist training providers. These
organisations operate across multiple Australian states and territories, providing a geographically

representative sample of the construction training sector.

Participating organisations offer various construction-related qualifications from certificate to postgraduate
level, as well as industry-specific short courses and specialised technical training. They employ different
numbers of full-time and part-time staff, with significant use of industry practitioners to bring current
expertise into training delivery. Annual student enrolment volumes vary considerably, reflecting different

scales of operation.

This diversity provides a comprehensive picture of the construction training landscape, representing
organisations of different types, sizes, geographic reach, and educational offerings — all contributing to the
development of construction skills, including emerging technology capabilities.

=] BENCHMARK™*

pusiness d(j\flr;'.’)!’y
CONSTRUCTION INDUSTRY TRAINING COUNGIL

July 2025 99|Page



DIGITAL BLUEPRINT Emerging Technologies Research Project

Technology Readiness and Current Provision

Current Technology Training Offerings
Training organisations are incorporating various construction technologies into their programs as can be
seen in this response set:

Which of the following construction technologies do you currently provide training for? (Select all
that apply)

19 responses

3D Printing 7 (36.8%)
Artificial Intelligence (Al) 5 (26.3%)
Augmented Reality (AR) 5(26.3%)
Autonomous Vehicles 1(5.3%)
Building Information Modelin... 11 (57.9%)
Cybersecurity, Governance... 5(26.3%)
Digital Twins 6 (31.6%)
Drones 6 (31.6%)
Exoskeletons|—0 (0%)
Internet of Things (loT) — su... 5(26.3%)
Mixed Reality (MR) 4 (21.1%)
Mobile apps for field operati... 3 (15.8%)
Project management software 10 (52.6%)
Robotics 4 (21.1%)
Simulators for High-Risk work 7 (36.8%)
Site Sensors 2 (10.5%)
Virtual Reality (VR) 12 (63.2%)
Sustainability, Contract Admi... 1(5.3%)
we offer a general modern m... 1(5.3%)
cne 1(5.3%)
N/A 1(5.3%)
3D cad drawings 1(5.3%)
0.0 25 5.0 7.5 10.0 125

Current provision is strongest in digital-workflow and immersive-simulation tools. Virtual Reality (63 %)
leads all categories, followed by Building Information Modelling (58 %) and project-management software
(53 %) — technologies that map directly to design coordination and site-planning workflows already
commonplace on projects. A mid-adoption tier includes 3-D printing and simulators for high-risk work (each
37 %), as well as drones and digital twins (32 %). These figures indicate that hands-on fabrication methods
and data-rich visualisation are beginning to gain curricular traction but are not yet mainstream.

Take-up drops sharply for frontier or capital-intensive technologies: Al, AR, 10T and cybersecurity clusters sit
around one-quarter of providers, while autonomous vehicles have barely entered the classroom (5 %) and
exoskeletons register no current training activity. Overall, the pattern suggests that institutions prioritise
technologies with clear, near-term industry demand and relatively low infrastructure barriers, while heavier
or more speculative innovations remain on the periphery of present-day offerings.

Note that respondents had the option to provide ‘other responses’ as well, as seen in the technologies listed after
Virtual Reality.
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Adoption Levels and Technology Integration

What percentage of your construction courses include emerging technology components?

19 responses

@ Less than 10%
® 10-25%
@ 26-50%
® 51-75%
@ More than 75%

Nearly half of respondents (47 %) report that emerging-technology content appears in fewer than 10 % of
their construction courses, and another 32 % place the share in the 10-25 % band. Only a small minority
exceed the halfway mark: 16 % deliver emerging tech in 26-50 % of courses and just one provider (= 5 %)
reaches the 51-75 % range. No organisation indicates integration across more than three-quarters of its
curriculum.

This distribution confirms that most providers remain in pilot or early-adoption phases: awareness of
technological change is high, but implementation is still modest and uneven. The variation almost certainly
reflects divergent strategic priorities, resource constraints and market positioning; institutions with
stronger capital bases or specialist niches have pushed further, while the majority are cautiously scaling
initiatives within limited program clusters.

Delivery Formats and Training Levels

For the technologies selected, please indicate the delivery formats offered (Select all that apply):

20 responses

Physical classroom theory 18 (90%)

Practical hands-on 14 (70%)

Online learning 13 (65%)
Mixed delivery 13 (65%)
Industry placement
Virtual reality
livestream

N/A

Most organisations are using a combination of delivery approaches, with blended learning becoming
increasingly important for improved accessibility. As one respondent noted, "ease of access" is a key benefit
of technology-enhanced delivery methods.
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For the technologies selected, please indicate the level of training offered (Select all that apply):
20 responses

Awareness/Introduction 15 (75%)

Basic operational skills 14 (70%)

Advanced technical skills 11 (55%)

Expert/Specialist level

N/A 1 (5%)

Training provision is distributed across a full competency spectrum. Three-quarters of respondents (75 %)
offer awareness or introductory sessions, 70 % deliver basic operational skills, 55 % provide advanced
technical instruction, and 35 % extend to expert/specialist level courses. This tiered approach indicates that
providers are calibrating course depth to the relative maturity and industry uptake of each technology,
while also reflecting their own strategy, instructional capacity and resources.

Course Development and Industry Currency

Development Timeframes and Processes

What is your typical timeframe for developing new technology-focused courses?
20 responses

@ Less than 3 months
@ 3-6 months

@ 6-12 months

@ More than 12 months

@ We don't develop new technology
focused courses

@ Depends on the course content/AQF
and technical level

A clear majority of providers report long development cycles for technology-focused courses: 55 % take
more than 12 months from concept to delivery, while a further 20 % require 6-12 months. Only 15 % can
bring a new tech offering to market in under six months, and a small remainder either refrain from
developing new courses or note that timelines vary by qualification level.
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Such lead-times risk obsolescence: in fast-moving fields like Al, BIM extensions or MR, a 12-month lag can
see software versions, standards and industry practices leap ahead of what is finally taught. The data
therefore underlines the need for more agile curriculum processes (from both ASQA and RTOs) — rapid
prototyping, modular content updates, and closer vendor or industry co-development — to ensure training
keeps pace with technological change.

-

Course Currency Methods

Organisations employ various strategies to ensure their courses remain current with industry practices:

How do you ensure course currency with industry practices? (Select all that apply)

20 responses

Regular industry consultation

Annual curriculum review
Technology vendor updates
Industry placement for trainers
Guest industry speakers

Site visits

Governance structure with indu...

Mandatory professional develo...

20 (100%)

Furthermore, organisations identify which technologies to include through various methods, such as:

How do you identify which construction technologies to include in your training programs? (Select
all that apply)

20 responses

Industry advisory committees
Employer feedback (60%)

Student demand

Training package requirements 14 (70%)
Market research 12 (60%)
Technology vendor partnerships
Industry trends analysis 10 (50%)
Graduate employment feedback

Industry Engagement

Analysis of the two data sets reveals a clear distinction between how training providers keep existing
courses current and how they decide which new construction technologies to teach. Currency is driven
overwhelmingly by relationship-based mechanisms: every respondent relies on regular industry
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consultation, while sizable majorities arrange site visits (60 %) and invite guest speakers (55 %). Formal,
inward-facing processes—such as governance structures with industry representatives or mandatory
professional development—register at just 5 %, indicating that continuous improvement is largely external-
facing and ad-hoc. By contrast, the selection of new technologies is guided chiefly by compliance and
evidence-based inputs: training-package requirements are the leading influence (70 %), closely followed by
market research and employer feedback (each 60 %), with industry advisory committees (55 %) and trends
analysis (50 %) also prominent. Vendor partnerships play only a middling role in both arenas (40 % for
currency, 25 % for technology choice), and graduate employment feedback is rarely used (10 %), suggesting
an under-utilised feedback loop from the labour market.

These patterns imply that providers excel at maintaining relevance day-to-day through direct industry
engagement, yet rely on more formal, externally mandated signals when recalibrating curricula for
emerging technologies. Strengthening internal quality systems — such as structured governance,
systematic professional development, and routine collection of graduate outcomes — could marry the
immediacy of relationship-based insights with the rigour of data-driven decision-making. Deeper
collaboration with technology vendors and a more intentional use of alumni feedback would further
shorten adoption cycles and ensure that course offerings anticipate, rather than merely respond to, shifts
in the construction technology landscape.

Curriculum Constraints

A significant challenge affecting technology training is the misalignment of emerging technology content
with formal training packages and curriculum requirements. As one respondent put it, "the need and
relevance of such technology training [is] being missed from core qualifications and is not captured or
emphasised in training packages."

This gap makes it harder to justify and fund technology training, as it might have to be offered as an extra
or non-accredited module. Some organisations are finding workarounds through supplementary modules
or short courses on emerging technologies that run alongside the core curriculum. Others are working with
industry partners to validate and shape curriculum changes, developing new electives or skill sets related to
emerging technologies.

Engaging With Industry
Industry Linkages

What types of industry partnerships do you maintain? (Select all that apply)

19 responses

Work placement programs 10 (52.6%)
Equipment sharing arrangements

Joint training delivery
6 (31.6%)

6 (31.6%)

Research partnerships
Technology donations
Industry mentoring programs

Advisory board participation 12 (63.2%)

1 (5.3%)
1 (5.3%)
1(5.3%)

we are an industry membership...
Industry consultation

Membership of Industry/regulat...
0.0 2.5 5.0 7.5 10.0 12.5

Nearly two-thirds of providers (63 %) sit industry representatives on formal advisory boards, and just over
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half (53 %) run work-placement programs. These two mechanisms therefore form the backbone of
partnership activity, supplemented by joint course delivery (42 %) and a second tier of collaboration —
research partnerships and technology donations — each adopted by roughly one-third of respondents (32
%). More capital-intensive or logistically complex arrangements, such as equipment-sharing (16 %) and
structured mentoring schemes (21 %), are far less common, while ad-hoc memberships or informal
consultation register only isolated uptake (= 5 %).
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Engagement Intensity

How do you engage with construction businesses? Please select for each option below.

Bl Rarely or never Occasionally [l Sometimes [l Regularly [l Very frequently

=

5 |

Regular constltations Industry evants Jolnt projects Appranticeship programs Custam training delivery Ressarch collabaration Equipment sharing Facility usagea Other (pleasa spacify
balow )

Regular consultations with construction businesses are firmly embedded: the vast majority of respondents report engaging either regularly or very frequently.
Apprenticeship programs show a similarly high-contact pattern, with half of providers interacting at least very frequently. By contrast, collaborations that demand
substantial resources — joint projects, research partnerships, equipment sharing, or facility usage — skew toward the occasionally/sometimes end of the scale and are
rarely undertaken on a continual basis. Attendance at industry events falls in the middle ground, with most providers participating sometimes or regularly, reflecting
its role as a networking rather than co-delivery channel.

Implications for capability building

The data suggest that providers prioritise governance input and student employability pathways, while strategic R&D or shared-asset models remain under-leveraged.
Expanding structured mentoring, co-research, and equipment-sharing agreements could deepen technology transfer and accelerate curriculum innovation —
particularly important as emerging construction technologies move from awareness to advanced-skill training requirements.
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Collaboration Practices
The survey included three open-ended questions on collaboration; the key themes emerging from
respondents’ comments are summarised below.

Collaboration with Other Training Providers

Peer-to-peer collaboration among training organisations appears inconsistent, with some organisations
actively collaborating while others operate more independently. Those that do collaborate engage through:

e Networking at conferences and forums

RTO network meetings or VET forums

Staff or student exchange visits

TAFE-specific collaboration channels (for public providers)

Joint course development initiatives

Some respondents indicated little or no collaboration with other providers, with one noting they "don't"
collaborate because "risk outweighs benefits." This suggests that competitive concerns or lack of trust may
limit broader cooperation in some cases.

A few examples of deeper collaboration emerged, such as one organisation "currently collaborating with
TAFE NSW and our university partners in development and delivery of courses" and another mentioning they're
"developing and trialling SiteSeer (www.siteseer.education)" in partnership with others.

Collaboration with Industry Associations

Engagement with industry associations is far more common and robust. Nearly every training provider
maintains some relationship with industry bodies, though the depth varies. Collaboration methods include:

e Association memberships

e Attendance at industry events

e Participation in forums and advisory committees
e Industry consultation processes

e  Working relationships and webinars

e Program validations

Many organisations rely on these associations for consultation on industry needs, with one respondent
summarising their approach as "Industry needs and consultation." Industry associations act as a bridge,
helping training providers stay updated on emerging technologies and validating that new training content
will be relevant for employers.

Collaboration with Technology Vendors

Collaboration with technology vendors emerged as the weakest area of external engagement. Most training
organisations do not have established partnerships with technology vendors, and many interactions are ad
hoc or reactive rather than strategic.

Several respondents admitted to little or no direct collaboration with technology companies, with
comments like "don't really - if they approach us" or simply "Don't." Others indicated limited engagement
through:

e  Subscriptions to vendor resources
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e Attendance at industry events and trade shows
e Procurement processes

e Direct contact for specific issues

Only a handful described more active partnerships, such as "research partnerships" or "research agreements”
with technology providers. One organisation noted they're "developing our own technology" suggesting that
instead of partnering with an external vendor, they're creating a custom solution.

This underdeveloped vendor collaboration represents a missed opportunity, as stronger ties could provide
training organisations with early access to new tools, educational packages, and implementation support.
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Workforce Development and Staffing Challenges
Staff Capability Gaps

What challenges do you face with training staff? Rate for each challenge below.

I Major challenge Significant challenge Il Moderate challenge [l Minor challenge [l Not a challenge
10

0 m

Finding qualified trainers Keeping skills current Industry experience Professional development Technology competency Pedagogical skills Industry currency Other (please specify
below)

The survey reveals persistent staff-capability gaps, particularly in digital and emerging technologies. While basic digital-literacy initiatives are in place, familiarity with
newer tools remains shallow — an observation echoed in both the chart and open-ended comments.

“Computer literacy is an issue for staff. Artificial intelligence is not being used and will affect our learners if this doesn’t change,” one respondent noted.

This statement highlights two intertwined challenges: uneven core computer skills and limited exposure to cutting-edge technologies — Al in particular. Although
technology competency appears mainly as a moderate concern, it is layered upon deeper constraints: the sector's most acute pain-points are finding qualified trainers
and keeping their skills current. Even after capable staff are recruited, staying abreast of rapid technological change proves difficult.

Professional development and industry experience are also rated as significant or moderate hurdles by most respondents. Consequently, any plan to integrate
advanced or Al-enabled tools must be accompanied by a structured upskilling programme — one that builds foundational computer literacy and offers hands-on
experience with emerging technologies — to ensure trainers can deliver the competency levels industry now expects.
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Recruitment and Retention Challenges

Organisations face significant difficulties in recruiting and retaining appropriately qualified staff, particularly
given the competitive nature of the construction industry labour market. Key challenges include:

e Recruiting staff with current industry experience

e Attracting staff with technology expertise

e Professional development costs

e Maintaining technical currency of existing staff

e Competing with industry salaries

e Meeting training package requirements for trainers

These staffing challenges may restrict the sector's capacity to expand technology training provision at the
pace required by industry.

Professional Development Approaches
Training organisations employ various strategies to build staff capability, including:
e Internal professional development workshops
e External training or certification programs
e Learning through collaboration with industry experts
e Participation in webinars and conferences

e Utilising specialist roles like "Industry Innovation Specialists" to champion emerging tech

However, these approaches vary in effectiveness and depth, with more systematic and targeted
professional development needed to address the full spectrum of technology skill gaps.
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Resources and Barriers

What challenges do you face in course development? Please rate your level of agreement for each challenge below.

I Major challenge Significant challenge [l Moderate challenge [l Slight challenge [l Minimal challenge
10
| J_I-_L—I_I-—-_IJ—L- L ll—I_L
0 N .
Arcraditation requiraments Tachnalogy accasseost Staff axpartise Inclustry engagemant Studant readiness Funding eonstraints Rapid technalogy change  Infrastructiife radguiremants Other (pleasa spacify

below )

Funding and resource constraints

The chart shows that funding constraints top the list of course-development barriers: almost every respondent rated it a major or significant challenge. Closely linked
are the direct costs of technology itself — hardware, software licences, and the infrastructure required to run them —which likewise sit in the significant-to-major
band for most providers. These pressures translate into five inter-related resource gaps:

e Equipment acquisition and maintenance - securing and refreshing industry-grade hardware.

o Software licensing and updates - affording commercial-grade platforms and keeping them current.
¢ Infrastructure upgrades - network capacity, specialised labs, and safe testing spaces.

e Access to current technology - the lag between market release and classroom availability.

e Professional-development funding - budgets for staff upskilling in fast-moving tools.
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Regulatory and curriculum misalignment

Resource pressures are compounded by accreditation requirements, which nearly as many respondents
classify as a major or significant hurdle. Training packages and core qualifications have not yet absorbed
many emerging-technology competencies, making it difficult for providers to demonstrate “official”
relevance and secure funding for capital items or staff development. As one respondent noted, “The real
challenge is embedding the need for this training when it isn’t captured — or emphasised — in the current
training packages.”
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Technology Infrastructure

Rate your Organisation's current technology infrastructure for each of the technologies below:

Il Outdated [ Needs improvement [l Adequate [l Advanced [l Cutling-edge

8

Hardware equipment Software licenses Internet connectivity Specialised facililies Mobile devices Cloud resources Security systems Other (please specify
below)

Survey ratings reveal a broadly middle-of-the-road technology base. Most providers class their hardware, software licences and mobile devices as merely adequate or
in need of improvement, with relatively few citing advanced capability and only scattered claims of cutting-edge assets. Specialised facilities — labs, simulation suites,
dedicated tech-training spaces — rank lowest, while cloud resources and security systems attract the strongest advanced scores, though even these show uneven
coverage.

The spread underscores an infrastructure gap that could hamper delivery of emerging-technology skills. Any expansion agenda will therefore need to pair funding for
baseline upgrades with targeted investment in high-fidelity, hands-on environments, ideally via industry partnerships that share cost and keep equipment current.
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Funding Sources

What are your primary sources of funding for technology resources? Select all that apply.
20 responses

Government funding 19 (95%)

Industry partnerships 7 (35%)

Student fees 12 (60%)
Research grants 4 (20%)
Equipment leasing

Technology vendor support 6 (30%)

Government funding is by far the dominant revenue stream, selected by 95 % of respondents. Student fees
form the second pillar (60 %), while all other sources trail well behind — industry partnerships (35 %),
technology-vendor support (30 %), research grants (20 %), and equipment-leasing arrangements (10 %).

This concentration exposes providers to policy and budget shocks; a reduction in public funds would leave
many programmes under-capitalised. Strengthening co-investment models —particularly with industry and
vendors — would not only diversify income but also create faster refresh cycles and closer alignment
between training assets and workplace technology.
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Future Planning and Strategic Priorities
Technologies Planned for Inclusion

Organisations identified several emerging technologies they plan to include in their training within the next
three years:

Which emerging technologies do you plan to include in your training within the next 3 years? (Select

all that apply)

18 responses

3D Printing

Artificial Intelligence (Al)
Augmented Reality (AR)
Autonomous Vehicles

Building Information Modelin...
Cybersecurity, Governance...
Digital Twins

Drones

Exoskeletons

Internet of Things (loT) — su...
Mixed Reality (MR)

Mobile apps for field operati...
Project management software
Robotics

Simulators for High-Risk work
Site Sensors

Virtual Reality (VR)

we investigated VR a few ye...
unsure

0.0

9 (50%)
12 (66.7%)
4 (22.2%)
2 (11.1%)
10 (55.6%)
8 (44.4%)
6 (33.3%)
5 (27.8%)
3 (16.7%)
4 (22.2%)
5 (27.8%)
8 (44.4%)
9 (50%)
5 (27.8%)
7 (38.9%)
4 (22.2%)
10 (55.6%)
1 (5.6%)
1 (5.6%)

25 5.0 7.5 10.0 12.5

Planned uptake over the next three years clusters around a handful of “main streaming” digital tools.

Artificial Intelligence (Al) tops the list, appearing in 67 % of roadmaps, while Building Information Modelling
(BIM) and Virtual Reality (VR) follow at 56 %. 3-D printing and project-management software round out the
first tier at 50 %. These technologies are already gaining traction on live construction sites and offer
immediate, high-value enhancements to existing curricula, making them logical priorities for early adoption.

A second tier — cyber-security, mobile field apps, digital twins, robotics, drones, and mixed reality — draws
interest from roughly one-quarter to two-fifths of providers. Although many of these tools are now well-
known and commercially established (arguably edging toward market saturation in some sub-sectors), their
integration into training remains uneven. Providers may perceive the competitive advantage of teaching
them as diminishing, or they may view the technologies as complementary modules to be added once
foundational digital skills are secured.

Capital-intensive or still-emerging solutions — exoskeletons and autonomous vehicles — appear on fewer
than one-in-five plans, reflecting cost, infrastructure and regulatory hurdles. Overall, the pattern suggests
that institutions will prioritise workflow-optimisation and immersive-simulation competencies first, then
broaden into advanced automation and site-based robotics as resources, demand and regulatory clarity
allow.
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Resource Requirements for Implementation

What resources will you need to implement these plans? Rate each resource in terms of their importance.

I Notimportant at all Slightly important Il Moderately important [l Very important [l Extremely important

11 1dada

itional fundin ew equipment taff trainin ndustry parinerships acility upgrades urriculum developmen cereditation support er (please speci
Additional funding N: i Staff training Ind hi Facility upgrad Curriculum devel t Accreditati Other (pl ify
below)

Survey respondents stressed that money and people will make or break their three-year technology roll-out. The chart shows additional funding, new equipment and
staff training topping the “extremely important” column. In other words, capital to buy or lease hardware and software must arrive in lockstep with investment in
trainer capability if the planned Al, BIM and VR modules are to launch on schedule.

The next tier of critical enablers comprises industry partnerships, facility upgrades and curriculum development — all rated “very” to “extremely” important by most
providers. These findings mirror earlier barriers: without modern labs, co-investment from industry, and refreshed learning materials, even well-funded programmes
will struggle to deliver job-ready skills. Accreditation support and miscellaneous resources rank lower but still attract moderate importance, indicating that regulatory
alignment remains a necessary, if secondary, consideration.
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Planned Delivery Methods

How do you plan to deliver future technology training? (Select all that apply)

20 responses

Traditional classroom 13 (65%)
Online learning
Mixed delivery )
Workplace-based
Virtual reality
Mobile learning
not extirely sure
Start Up - SiteSeer

Al

Organisations plan to use multiple approaches for delivering future technology training, suggesting a
continued evolution towards more flexible and diverse delivery methods, with strong emphasis on digital
and online components.
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Deeper Data Analysis

Current vs Projected Adoption of Emerging Technologies by Training

Organisations.

Current vs Projected Adoption of Emerging Technologies

e Current (2025)
B Projected (2030)

Percentage of Providers

This chart illustrates the percentage of surveyed
training providers that currently include various
emerging technologies in their programs and the
percentage that plan to include them by around
2030. Technologies on the left side (e.g. BIM,
Virtual Reality) show very high current adoption
(over half of providers), indicating these tools are
already commonly taught; however, their
forecasted adoption is slightly lower, reflecting
that they may reach saturation or face a slight
decline as focus shifts to newer tech. In contrast,
technologies on the right (e.g. Artificial
Intelligence, Mobile Apps, Robotics, Site Sensors,
Exoskeletons) have relatively low current
adoption but substantial increases in planned
adoption - signifying areas of expected growth.
For instance, only about 24% of providers
currently teach Al concepts, but 57% intend to
introduce Al training within the next few years,
making it one of the fastest-growing priorities.
Similarly, Mobile Apps usage in training (e.g.
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teaching students to use apps for trade work) is
set to nearly triple from 14% to 38% of providers.
Some technologies like Digital Twins and
Simulators are projected to remain steady, as
they are niche and already implemented where
most needed. The slight drops in BIM (52% to
48%) and VR (57% to 48%) suggest a plateau -
these are well-integrated at this point, and a few
providers that tried them might scale back
slightly due to challenges or shifting priorities.
Overall, the figure highlights a clear trend:
providers plan to expand training in almost all
emerging technologies, especially in Al,
cybersecurity, and automation, while sustaining
high levels of the now-standard tools (BIM,
project software, etc.). It demonstrates both the
progress to date (many technologies have at
least some foothold in curricula) and the
ambition for the near future (significant growth in
advanced tech integration).
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Technology Integration Maturity Model

Technology Integration Maturity Model

Positioning of training organisations based on technology coverage and training depth

@ Private RTOs @ Public RTOs @ Specialist Providers
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The Technology Integration Maturity Model positions organisations based on two critical dimensions:
e Range of technologies covered (x-axis)

e Depth of training offered (y-axis)
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This creates four distinct organisational profiles:

1. Leaders (top-right quadrant) who offer comprehensive coverage with advanced training across
many technologies

2. Specialists (top-left) who focus on deep, expert-level training in fewer technologies

3. Expansive organisations (bottom-right) that cover numerous technologies but primarily at
introductory levels

4. Beginners (bottom-left) who are at earlier stages of technology integration with limited coverage
and basic training

The maturity-model scatter shows providers distributed across all four quadrants rather than bunched in
any single corner. A few organisations remain Beginners, with limited breadth and introductory depth,
while others have moved rightward into the Expansive zone — covering many technologies but still at basic
levels. Several dots sit high on depth but narrow on breadth, marking them as Specialists, and a notable
cluster already occupies the Leader quadrant, pairing solid coverage with advanced training — though none
has yet hit the extreme top-right (full breadth and depth). The dashed 50 % lines give a clear benchmark:
crossing upward signals strong integration; moving right signals broad adoption. Specialists might now
widen their tech mix, Expansive providers should deepen existing content, and current Leaders can serve
as reference points for peers still climbing the curve.
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Challenge-Resource Gap Analysis

Challenge-Resource Gap Analysis

Visualizing the gap between reported challenges and resource sufficiency based on survey data

Cost of equipment/software -{
Funding limitations. E

Staff capability

Rapid technalogy change :
Infrastructure requirements E

Industry support

Student readiness-{

Accreditation constraints. E

Gap Size (Challenge Severity - Resource Sufficiency)

[l Resource Gap

B Critical gap (30+) I significant gap (20-29) Meoderate gap (5-19) B Minor gap (-5 to 4) B surplus (below -5)

This analysis highlights the relationship between reported challenges and available resources, identifying critical gaps. The gap analysis compares how serious each
challenge feels to training providers with how well-equipped they think they are to handle it. Positive numbers (red and orange bars) mean “this problem is bigger
than the resources we have,” while negative numbers (green bars) mean “we actually have more resources here than the problem demands.”
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Some interesting points:

e Equipment costs and overall funding sit deep in the red zone. Providers say these two issues are
both very severe and badly under-resourced—making them the top pain-points to solve first.

e Staff capability is also under-resourced (orange), so even if hardware money arrived tomorrow,
organisations would still struggle to find or train people who can teach the technology well.

e Rapid technology change and infrastructure requirements show moderate gaps (yellow): they are
important, but the resource shortfall isn't as dire.

e Industry support, student readiness, and accreditation constraints fall into the green surplus zone.
Providers still list them as challenges, but they feel they already have enough partnerships,
prepared learners, and compliance processes to cope—at least relative to the bigger funding and
staffing problems.

Overall, the chart says: “Get money for equipment and operating budgets and invest in staff training; the other
issues are manageable for now.”
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Organisational Readiness Assessment

DIMENSION

Technology
Infrastructure

Staff Capability

Industry Engagement

Resource Availability

Innovation Culture

Delivery Capability

Overall Score

DESCRIPTION

Quality and adequacy of hardware,
software, and connectivity

Skills and expertise of training staff in
using and teaching technologies

Relationships with industry partners to
support technology training

Funding and equipment resources to
suppert technology training

Organisational approach to adopting new
technologies

Capacity to deliver technology training
through vanous methods

Average across all dimensions

Emerging Technologies Research Project

Comprehensive Dimension Scores Across Profiles

LEADING
ORGANISATION

85%

g

0080

85%

00

ADVANCING
ORGANISATION

2
&

DEVELOPING
ORGANISATION

2

EARLY-STAGE
ORGANISATION

000000 0

ORGANISATION

TYPICAL

60%

60%

The Organisational Readiness Assessment evaluates the different types of training organisations across six key dimensions:

1. Technology Infrastructure - Measures the quality and sufficiency of technical systems, hardware, software, and digital platforms.

2. Staff Capability - Evaluates the skills, knowledge, and competencies of staff in delivering technology training.

3. Industry Engagement - Reflects how well organisations connect with and understand industry needs and standards.
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4. Resource Availability - Indicates the access to funding, materials, tools, and support needed for
technology training

5. Innovation Culture - Measures an organisation's willingness to adopt new approaches and
technologies

6. Delivery Capability - Assesses the organisation's ability to effectively deliver training programs
The assessment reveals that:

e The typical organisation shows uneven development across dimensions, with strongest
performance in Industry Engagement (65%) but weakest in Resource Availability (45%)

e Even leading organisations have room for growth, with no dimension reaching 100%

e The largest gaps between leading and typical organisations are in Resource Availability and
Innovation Culture, suggesting these are areas where improvement is most needed
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Correlation Matrix

The correlation matrix is a quick diagnostic tool: it quantifies how strongly the key factors captured in the survey move together (positive correlation), move in
opposite directions (negative correlation) or appear unrelated (near-zero). By putting all variables side-by-side, the research team can spot the combinations that
matter most — for example, whether a strong innovation culture actually aligns with broader technology coverage, or whether long development cycles suppress
adoption. Those insights then guide recommendations (e.g., “focus on shortening development time” or “invest in staff capability”).

We chose those 15 variables because they give one complete, but still manageable, picture of technology adoption — from context, through process, to outcome. Each
variable adds a unique dimension flagged by the survey or the literature, but the set is small enough to keep the matrix readable, and the interpretation focused.

Enhanced Correlation Analysis: Training Organisation Technology Adoption
Based on analysis of survey data from training organisations
Insights View Cross-Correlations
Organisation Profile Technology Adoption Challenges & Barriers Qutcomes
Variables Organisation Staff Student Funding Tech Development Tech Delivery Staff Industry Funding Infrastructure Innovation Graduate
Type Size Enrolment Source Percentage Time Count Method Expertise Engagement Constraints Requirements Culture Employment

Organisation Type - 043 0.12 -0.33 0.45 -0.28 0.38 0.22 0.55
Staff Size 0.43 - -0.18 0.52 033 - 0.53
Student Enrolment 012 -0.18 - 0.26 0.28 033 0.41
Funding Source -0.33 - 0.26 -0.28 - -0.21
Tech Percentage 0.45 - 0.32 0.51 - 0.59
Development Time -0.28 - 0.05 -0.27 -0.13 -0.09
Tech Count 0.38 0.52 -0.24 0.43 0.59 -
Delivery Method - -0.35 -0.16 -0.12 -0.33 -0.19
Staff Expertise - 0.48 0.28 0.28 0.57 0.44
Industry Engagement 0.33 0.57 -0.07 0.39 - 047
Funding Constraints 0.44 - 031 L . 2 0.52 0.34 041
Infrastructure Requirements 0.22 0.33 0.28 -0.28 0.51 -0.27 0.43 -0.12 0.28 0.39 0.52 _ 0.46 0.45
Innovation Culture 0.55 - 0.33 -0.13 -0.33 Q.57 0.34 0.43 - 0.53
Graduate Employment - 0.53 0.41 -0.21 0.59 -0.09 -0.19 0.44 0.47 0.41 0.45 0.53 _

Gl B

Negative Correlation Pasitive Correlation
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The correlation analysis highlights five actionable insights. First, an embedded innovation culture is the
strongest single driver of technology breadth, staff capability and graduate employment, indicating that
culture-change programmes deliver disproportionate benefits. Second, expanding skilled teams accelerates
adoption but intensifies funding pressure; without new revenue streams, staff growth could widen existing
cost gaps. Third, lengthy course-development cycles suppress uptake — particularly for providers reliant on
external funding — so faster approvals and rapid-prototype approaches are essential. Fourth, active
industry engagement offers a dual payoff: it broadens technology coverage and shortens development
timelines, easing the “time-to-market” constraint. Finally, graduate data confirm the payoff: programmes
with wider and deeper tech content achieve stronger employment outcomes, underlining the commerecial
case for continued expansion of emerging-technology training.
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Conclusion & Recommendations

Training organisations collectively teach a broad spectrum of construction technologies. Established tools
— such as Building Information Modelling (BIM), digital measurement devices and project-management
software — are widely embedded in curricula, whereas cutting-edge applications such as automation,
robotics and 10T still appear only sporadically. The depth of adoption also varies: some providers weave
emerging technology into a majority of courses, while others touch on it in only a small fraction. This
uneven integration risks creating skills gaps across the future workforce and, by extension, limiting the
industry's capacity to capitalise fully on technological advances.

To serve diverse learner needs, providers are expanding delivery formats. Blended models that combine
online theory with face-to-face practical sessions are becoming the default, and flexible timetabling is
increasingly used to align training with shifting site schedules and employer requirements. Yet these
pedagogical gains are constrained by persistent resource barriers. Capital outlays for equipment, software
licences and specialised infrastructure remain the single greatest hurdle, often dictating how far and how
fast technology content can be scaled. Parallel staffing challenges compound the issue: many organisations
struggle to recruit or retain instructors who possess both recent industry experience and strong digital
expertise, while existing staff commonly require upskilling to bridge digital-literacy gaps.

Collaboration patterns further shape technology uptake. Although most providers maintain baseline links
with employers, partnerships with peer RTOs and technology vendors are typically ad-hoc, limiting
opportunities for shared facilities, co-developed content and joint innovation projects. Misalignment
between emerging-tech skills and formal training-package requirements adds another layer of difficulty,
forcing providers to bolt optional modules onto core qualifications rather than integrating new
competencies holistically. Despite these obstacles, providers remain forward-looking: the majority have set
ambitious three-year targets to expand their technology offerings, contingent on securing additional
funding, infrastructure and specialist expertise.

Below, we present recommendations, to guide training organisations, industry partners, and policymakers in
collaboratively advancing emerging technology integration in VET.

1. Modernise curriculum frameworks

Quialification standards must keep pace with industry innovation. We recommend forming fast-track
working groups — comprising training-package developers, peak industry bodies and leading RTOs — to
map priority tech skills for each sector and embed them in core units. While those reviews proceed,
providers should deploy stop-gap mechanisms: stackable micro-credentials, optional “skill set” clusters and a
10-15 % flexible component in every course. This lets RTOs pilot high-demand tools — such as drone
surveying, Al-driven scheduling or on-site data analytics — without waiting years for a full package revision.
Agile addenda issued annually would ensure that the interim content is formally recognised, protecting
students from graduating with obsolete skill sets.

2. RTO Agility

Following from the points outlined above, RTOs must fundamentally revise their internal processes for
course development and updates. To keep pace with rapid technological and industry change, RTOs need
to become significantly more agile, reducing the typical 12-month turnaround time for updating training
programs.

In addition to increasing internal agility, another solution could be implementing pilot programs that
encourage closer collaboration between RTOs, BuildSkills, and other industry bodies during the
qualification consultation processes. These initiatives would provide early insights into upcoming changes,
allowing RTOs to proactively plan and update courses. This approach ensures RTOs are well-prepared,
rather than starting from scratch when updated qualifications are formally released on training.gov.au.
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Ultimately, every RTO must address this critical question: How can we build and sustain an internal culture
dedicated to continuous improvement in course content and delivery materials?

3. Upgrade delivery modes

A modern learning architecture should combine an enterprise-grade LMS with blended, simulation-rich
experiences. Hosting knowledge-heavy content online frees campus time for hands-on work with BIM labs,
VR/AR rigs or CNC simulators. Regional “centres of excellence” could house expensive multi-trade
simulators that smaller RTOs book on a rotating timetable, lowering per-provider capital outlay. Work-
integrated learning needs a technology lens: industry placements should give students real exposure to
their host's digital workflow, not just traditional tasks. At the teaching level, staff should be supported to
trial collaborative whiteboards, gamified assessment and Al-driven adaptive quizzes — building a culture
that treats delivery innovation as routine rather than exceptional.

4. Build educator capability

Technology adoption rises or falls on instructor confidence. A national digital-skills uplift programme would
offer tiered, accredited workshops (e.g., “AR/VR in VET", “Python for loT data”) and fund short industry
secondments so teachers can refresh skills in live project environments. Peer mentoring — formalised
through communities of practice — should pair tech-savvy champions with colleagues aiming to upskill,
spreading expertise quickly inside each institution. Concurrently, targeted recruitment of industry
specialists as adjunct trainers or guest lecturers will plug acute gaps (for example, an automation engineer
co-teaching robotics units). Salary scales and workload models must recognise prior industry mastery and
allow flexible fractional appointments, otherwise talent will stay in industry rather than enter classrooms.
Leadership development for heads of department will equip them to budget for, and advocate, ongoing
tech renewal.

5. Deepen partnerships

Move beyond ad-hoc MOUs to multi-year, outcome-based alliances. Each RTO should convene a Technology
Advisory Panel bringing together employers, vendors and academic staff to co-design modules, co-deliver
specialist workshops and validate assessment tasks. Joint facilities agreements — e.g., a manufacturer
granting scheduled student access to its robotics cell — give learners time on current equipment while
suppliers cultivate brand-familiar graduates. Vendor engagement must be systematic: negotiate academic
pricing, secure donation programmes and invite engineers to run “train-the-trainer” sessions. Provider-to-
provider collaboration deserves the same structure; a state-level consortium could develop shared BIM
teaching packs or negotiate a cloud-licence bundle at sector pricing, slashing duplication and cost.

6. Secure systemic support

Sustainable tech integration will require targeted public investment and nimble regulation. Capital grants
should subsidise high-cost assets — VR caves, additive-manufacturing labs, 5G-enabled IoT testbeds —
while curriculum-innovation funds back the design of shareable micro-credentials. Dedicated instructor-
training pools would ensure that hardware is matched with human capability. Policy reforms should
authorise annual micro-updates to training packages, provisional accreditation for experimental courses,
and centralised vendor panels to cut procurement lead-times. Finally, embedding “technology currency”
metrics into RTO quality-assurance audits — and publicly recognising high performers — will create a
positive feedback loop: providers that keep programmes industry-current will attract both enrolments and
funding, driving the sector as a whole towards future-ready practice.

Taken together, these richer, mutually reinforcing actions — dynamic curricula,
blended and immersive delivery, empowered educators, strategic partnerships and
aligned policy/funding — form a comprehensive roadmap for accelerating emerging-
technology adoption across vocational education while safeguarding educational
rigour and industry relevance.
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Government &
‘ndustry
survey - Write
e

This report analyses survey data collected from 10
organisations representing government and industry
bodies in the Australian construction sector. The
survey explored technology adoption levels, barriers
to implementation, effectiveness of existing support
programs, and recommendations for policy and
regulatory changes to accelerate technological
advancement.

Key findings indicate that there is a perception that
the Australian construction industry lags behind
other countries and sectors in technology adoption.
Significant barriers include cost concerns, skills
shortages, and resistance to change. Existing
support programs show limited effectiveness, with
respondents rating them as neutral or ineffective.
Organisations expressed interest in participating in
industry forums, research partnerships, and pilot
projects to advance technology adoption.
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80% Industry Culture 3/5 Workforce & Skills
Industry 'Somewhat Behind* Top Barrier Programme Effectiveness #1 Policy Priority
of respondents Avg 4.7 [5 Median (Meutral) 5 mentions
3.8/5 Construction 70% Al & Robotics
: Companies
Overall Barrier Pressure Strongest Engagement Policy Working-Group Interest Top Tech Priority
Average severity 45/5 organisations keen 5 mentions each

Recommendations focus on developing national digital construction standards, modernising procurement rules, expanding funding and support
programs, addressing workforce skills development, improving regulations for emerging technologies, and creating dedicated industry forums for
ongoing collaboration.

47 organisations were contacted to complete the survey. 10 of these responded and completed the survey in full, representing various stakeholders
in the construction ecosystem, including Government departments/agencies, Unions, Industry Associations.

The below is a synthesis of the collected survey data
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Detailed Analysis

Organisation Overview

Which type of organisation do you represent? (Select all that apply)

10 responses

Government department/agency 2 (20%)

Union 2 (20%)
Industry association 4 (40%)
Professional body

Research institution [—0 (0%)

Standards organisation |—0 (0%)
Policy advisory body

Building Construction

What is your geographic scope? (Select all that apply)

10 responses

International
National
New South Wales

4 (40%)

Victoria

Queensland
Western Australia
South Australia

2 (20%)
2 (20%)
2 (20%)

Tasmania
Northern Territory 1(10%)

Australian Capital Territory 1(10%)

What is your organisation's primary focus area? (Select all that apply)
10 responses

Industry regulation
Policy development

Industry advocacy 5 (50%)

Standards development 3 (30%)

Research and development 3 (30%)
Education and training
Industry support services 7 (70%)

Member services
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Of the ten stakeholder organisations that responded, industry associations dominate the sample (40 %),
followed by government departments or agencies and unions (each 20 %). Their activity mix is broad but
weighted toward practical services: industry-support functions are cited by 70 % of respondents and
education-and-training initiatives by 60 %, while one-half engage in industry advocacy and two-fifths in
regulatory roles. Policy development, standards work and R&D each attract about one-third, indicating a
secondary but still significant focus on shaping the sector’s future direction. Geographically, most operate
at national scale (40 %), with the remainder dispersed across multiple states and territories — each
jurisdiction appearing in roughly 20 % of responses except Queensland, which shows no direct responses;
the researchers suspect Queensland-based participants were indeed present but chose the “National”
option rather than selecting their state. Collectively, the profile points to a respondent group that is
nationally oriented, service-heavy and well positioned to influence both day-to-day support and longer-
term policy for emerging-technology adoption.

Australian Construction Industry's Technology Adoption

How would you rate the Australian construction industry's current level of technology adoption
compared to:

8 Il significantly behind Somewhat behind [l Onpar [l Somewhat ahead [l Significantly ahead

2
0 B . .

Global competitors Other domestic industries

Respondents were unanimous in stating that Australian construction is playing catch-up on technology.
Nine of the ten respondents judged the sector behind its global peers — eight said “somewhat behind” and
one “significantly behind,” with only a single “on-par” rating and none ahead. The comparison with other
domestic industries is only marginally better: seven of ten still placed construction below the national
average (two “significantly” and five “somewhat” behind), while three considered it merely on par. No
respondent viewed construction as ahead on either benchmark, underscoring the consensus that
substantial acceleration in technology adoption is required to match both international standards and the
performance of technology-leading Australian sectors.
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Barriers to Technology Adoption

What do you consider to be the most significant barriers to technology adoption? Please rate for each barrier below.

¢ I Strongly Disagree [ Disagree [l Neutral [l Agree M Strongly Agree
3]
4
2
0

Industry fragmentation Regulatory framework Skills availability Investment costs Industry culture Policy environment Market conditions Other (please specify
below)
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Mean Severity of Technology Adoption Barriers
(1 = Low, 5 = High)

Skills availability

aory framework

Investment/costs

Industry fragmentation

Industry ciyture

€t conditions

Policy environment

The above data, analysed together with the additional comments provided by respondents in this section
highlight the following barriers to technology adoption:

Major Barriers (Strongly Agree/Agree)
e Resistance to change: Cultural reluctance to adopt new methods and technologies
e Cost concerns: The financial investment required for new technologies
e  Skills shortages: Lack of workers trained in using advanced technologies

e Interoperability & integration issues: Challenges with different software and legacy systems that
don't communicate well

e Short-term project focus: Project-based nature of construction making companies hesitant to
invest in technology without immediate returns

Moderate Barriers (Neutral)

e Cybersecurity & data concerns: Worries about data security risks with increased digitisation
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e Lack of standardisation: Absence of uniform approaches to implementing digital construction
methods

e Procurement & contracting models: Traditional methods focusing on lowest-cost bids rather than
innovation

One noteworthy comment mentioned that technology adoption is "not seen as a skills need", suggesting a
potential disconnect in how the industry perceives the relationship between skills development and
technology implementation. Another respondent provided slightly different insights, identifying poor
software interoperability and the construction sector’s project-by-project funding model as the chief brakes
on digital uptake, while viewing cybersecurity risks, the absence of common standards, and lowest-cost
procurement practices as secondary obstacles — problematic yet less decisive in stalling investment.

Current Technology-Related Initiatives

What technology-related initiatives does your organisation currently support? (Select all that apply)
10 responses

Policy development 4 (40%)

Funding programs

Research initiatives 4 (40%)

Training programs 8 (80%)
Industry guidelines

Standards development

Pilot projects

Survey respondents are most active in capacity-building initiatives: eight in ten support technology-focused
education and training programmes, and 60 % produce or disseminate industry guidelines. Mid-tier activity
centres on influence and knowledge creation — 40 % contribute to policy development and the same share
participate in research projects, while 30% engage in formal standards work. Direct, high-commitment
interventions are rarer: only two organisations (20 %) provide dedicated funding streams or run pilot
projects that place emerging tools on live sites. The pattern suggests stakeholders favour low-capital,
knowledge-based mechanisms over resource-intensive experimentation, leaving a gap in hands-on proof-
of-concept activity that could accelerate mainstream adoption.




NEXTBUILD DIGITAL BLUEPRINT Emerging Technologies Research Project

Effectiveness of Existing Support Programs

The effectiveness of existing support programs for promoting technology adoption received predominantly
neutral to negative assessments:

e Nine organisations provided responses, with most indicating limited effectiveness
e Common themes in the responses included "limited uptake,” "slow at best," and "ineffective”
e Oneresponse noted it was "too soon to be definitive"
Respondents identified several areas that are working well:
e Government grants and funding (e.g., Modern Manufacturing Initiative, Industry Growth Program)
e BIM mandates and digital engineering policies
e Training and workforce development programs
e Industry-led initiatives promoting sustainability and efficiency
However, several gaps were also identified:

e Limited awareness and accessibility for Small to Medium Enterprises (SMEs)

Slow policy and regulation updates

Short-term focus rather than long-term investment

Lack of interoperability and standards

e Resistance to change

The overall rating was neutral (3/5), indicating that while support programs have helped raise awareness
and provide funding, more targeted incentives, industry-wide standardisation, and long-term strategies are
needed.
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Policy & Regulatory Frameworks

Emerging Technologies Research Project

An open-ended question, we asked respondents ‘What changes to current policy or regulatory frameworks

would most effectively support technology adoption?”.

We received a mixed depth of responses, which on analysis fall into several key categories:

Establish National Digital Construction
Standards

Respondents called emphatically for a
mandatory, nationally endorsed BIM framework
modelled on the UK's ISO 19650 approach. Such
a framework would prescribe data schemas,
file-naming protocols, and minimum information
delivery cycles, drastically reducing integration
friction.

Reform Procurement to Reward Innovation

Transitioning from lowest-price to
“cost-plus-innovation” scoring could shift market
behaviour overnight. Tax incentives linked
directly to demonstrable productivity gains —
rather than capital expenditure alone — would
further align contractor incentives with policy
goals.

Secure Long-Term, SME-Focused Funding

Low-interest loans and multi-year grant tranches
earmarked for SMEs would enable staged
implementation: assessment, pilot, scale-up.
Coupling finance with advisory services would
mitigate application fatigue.
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Mandate Continuous Professional
Development (CPD)

Requiring licensed practitioners to complete
digital-skills CPD each renewal cycle would send a
demand signal to training providers and
normalise technology competence as a core
professional attribute.

Fast-Track Approval of Advanced Methods

Expedited certification pathways for 3D-printed
concrete, modular assemblies, and robotic
on-site equipment would remove uncertainty
that currently deters early movers. Safety
authorities could publish “sandbox” guidelines
that evolve alongside field data.

Embed Sustainability Objectives

Policies that tie tech adoption to
carbon-reduction targets — such as
embodied-carbon disclosure via digital twins —
create a dual compliance and reputational
incentive, accelerating both decarbonisation and
digital maturity.

Create Collaborative Governance Mechanisms

A national Construction Technology Taskforce, as
suggested by multiple respondents, would
coordinate standards development, oversee pilot
evaluation, and maintain a public repository of
lessons learned, providing continuity beyond
electoral cycles.
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Technologies Requiring Urgent Attention

Respondents were asked to identify the 3 emerging technologies that in their view require urgent attention
in terms of policy development, standards creation, industry guidance, and skills development (we provided
a list and also allowed for respondents to select ‘other’ and outline other technologies):

Which emerging technologies require the most urgent attention in terms of: A. Policy development
B. Standards creation C. Industry guidance D. Skills development — select the top 3 from this list:

10 responses

3D Printing 4 (40%)
Artificial Intelligence (Al) 5 (560%)
Augmented Reality (AR) 3 (30%)
Autonomous Vehicles 2 (20%)
Building Information Modelin... 4 (40%)
Cybersecurity, Governance... 1(10%)
Digital Twins[—0 (
Drones|—0 (
Exoskeletons|—0 (0%)
Internet of Things (loT) —su...|—0 (
Mixed Reality (MR)[—0 (
Mobile apps for field operati... 3 (30%)
Project management software 2 (20%)
Robotics 5 (50%)
Simulators for High-Risk work 1(10%)
Site Sensors 1(10%)
Virtual Reality (VR) 2 (20%)
Steel Frame Prefabrication s... 1(10%)
basic computer literacy for th... 1(10%)

0 1 2 3 - 5

Responses cluster around a small set of high-priority technologies. Artificial Intelligence and robotics each
drew half of all votes, signalling that stakeholders see both data-driven decision tools and task-executing
machines as needing immediate policy, standards and skills work. Close behind were 3-D printing and
Building Information Modelling (40 % each) — technologies that tie digital design directly to production and
site coordination. A second tier of interest — about one-third of respondents — highlighted
augmented/mixed-reality tools and mobile field-app platforms, reflecting growing concern for on-site
visualisation and real-time data capture. Far fewer nominated autonomous vehicles, project-management
software or virtual reality, and no one selected digital twins, drones, loT solutions or exoskeletons. The
pattern suggests stakeholders want regulators and educators to focus first on the technologies already
creeping into mainstream workflows before turning to still nascent or niche innovations.
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Stakeholder Engagement

How well does your organisation engage with:

I Notatall [ Poorly M Moderately [l Well [l Exceptionally well

ikl

Construction companies Technology providers Education institutions Other government/industry
bodies

N

N

The engagement profile is uneven. Most respondents report strong ties with construction companies and
with other government or industry bodies — split roughly evenly between “well” and “exceptionally well.”
Interaction with education institutions is solid but less intense, clustering around the “moderate”-to-“well”
range. In stark contrast, engagement with technology providers is weakest: most rate it “poorly,” one admits
to “no engagement at all,” and only a single organisation claims to work with vendors “well.” This disconnect
suggests a missed opportunity. Government and industry bodies — already skilled at partnering with
contractors and peer agencies — could use their convening power to bring technology suppliers to the
table, enlarging the conversation on emerging tools and informing more accurate policy road-maps for the
sector.

Further Participation

Would your organisation be interested in participating in:

10.0
7.5
5.0

25

0.0
Industry roundtables Policy working groups Research partnerships Best practice development

Interest in collaborative forums is high across the board, but strongest for quick-turn dialogue formats. Nine of ten
organisations say they would join industry roundtables, and seven are willing to sit on policy working groups,
signalling a clear appetite for collective problem-solving and standards discussion. Participation drops slightly for
more resource-intensive commitments: only half the respondents would enter research partnerships, and seven of
ten would help draft best-practice guidance. Overall, the results suggest stakeholders are eager for structured
conversation and policy co-design, while a smaller — yet still significant — subset is ready to invest time and
resources in joint R&D and technical guideline development.

Note that two respondents skipped two questions in this section, so some totals are less than the full sample of 10.
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Correlation Analysis

We conducted correlation analysis to better understand the relationship between the various questions
and responses provided.
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Understanding this graphic

e Each row/column is a survey factor (e.g., Investment costs barrier, Engagement with construction
firms).

e The colour tells you whether two factors move together across the 10 responses:
o Deepred (— +1) = when one rating goes up, the other tends to go up.
o Deep blue (— -1) = when one goes up, the other tends to go down.
o Pale colours = little or no pattern.

e The number in the square is the exact Spearman correlation (-1 to +1). Because the sample is
small, use values above #0.60 as “strong signals,” not proof.
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What we see at a glance What it probably means in practice

People judge adoption levels holistically; lift
one benchmark and sentiment about the
other will likely follow. Good news: a single
high-profile success story can shift both
perceptions.

Perception travels in a bundle - If a respondent thinks
Australia is “behind global competitors,” they almost always
say we're “behind other local industries” too (light-red square
at top-left, p = 0.63).

Regulatory pain dampens optimism - The deeper blue square Regulatory reform is not just red-tape talk; it
(Adoption vs global peers x Regulatory-framework; p = -0.59)  directly colours how competitive we believe
shows: the harder rules feel, the worse respondents rate we are. Simplifying standards could boost
Australia against the world. confidence as much as capability.

Soft issues (mindsets, resistance) rise when
hard issues (rules) rise. Effective change
programs should combine culture-change
initiatives with policy tweaks — doing one
without the other may fail.

Culture and policy hurdles move together - Industry-culture
< Policy-environment is the reddest barrier pair (p = 0.71).

Firms feeling the pinch on talent also feel
Skills gap & capital cost are twin headaches - Skills-availability ~budget pressure; subsidies that cover both
< Investment-costs stay solidly red (p = 0.68). training and tech investment will resonate far
more than single-purpose grants.

Organisations that engage construction firms well also have
strong ties to education providers (green-to-red block,
p =0.62).

They could be natural hosts for pilot training
schemes — already trusted by both sides.

Those talking to vendors most often are also
most conscious of market volatility — tailor
vendor-led programmes to address
commercial risk, not tech alone.

Closer ties with tech providers go hand-in-hand with seeing
market conditions as a barrier (p = 0.59).

“Other” barriers flag blind-spots - Where respondents wrote
free-text barriers (interoperability, short-termism) the
correlation flips sharply against tech-provider engagement
and policy concerns (blue squares at the bottom).

Free-text complainers may feel unheard in
formal forums; their issues don’t map neatly
to the main policy levers and need separate
discovery workshops.

The correlation heat-map reveals that
perceptions about Australia’s digital standing rise
and fall in clusters. Respondents who judge the
construction sector “behind global peers” almost
always rate it “behind other domestic industries”
as well (p = 0.63), and their pessimism deepens if
they also see the regulatory framework as
restrictive (p = -0.59). Cultural and policy hurdles
are tightly linked (p = 0.71): when rules feel
onerous, resistance to change inside firms also
spikes. Likewise, shortages of skilled labour travel
with high capital outlays (p = 0.68), suggesting
that talent and investment are twin constraints
rather than separate issues. Together, these
patterns imply that single-issue fixes —
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regulatory tweaks, culture programmes or
isolated training subsidies — will have limited
impact unless they are bundled; confidence lifts
when several levers move in concert.

Engagement dynamics offer practical levers for
such bundles. Organisations that already work
closely with construction firms tend to have
strong links to education providers as well (p =
0.62), positioning them as natural hosts for pilot
upskilling schemes that join industry demand
with training supply. By contrast, respondents
most plugged into technology vendors are also
the ones who view market conditions as a barrier
(p = 0.59); vendor-led pilots will therefore need to
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address commercial risk, not just technical mainstream levers, hinting that these pain-points
capability. Finally, the free-text “other” barriers — sit outside existing policy conversations and may
interoperability headaches and short-term require targeted discovery workshops to surface
project mind-sets — correlate weakly with workable solutions.

Barrier Severity Heat Map

Barrier Severity by Respondent
(Red = High severity, Green = Low)

5.0

4.5

5
Il

m
u
5

Severity (1 = Low,

1.5

1.0

Industry fragmentation
Regulatory framework F &
Skills availability &
Investment costs | &
Industry culture
Policy environment |- w
Market conditions |- w

This heat-map shows how each of the ten survey respondents (R1-R10) rated the severity of seven barriers
to technology adoption — industry fragmentation, regulatory framework, skills availability, investment
costs, industry culture, policy environment and market conditions — using a 1-to-5 scale (green = low, red =
high). Three issues stand out as the most acute: skills availability, investment costs and entrenched industry
culture — cells for these columns are almost uniformly orange-red (ratings 4-5). Industry fragmentation
and the regulatory framework are viewed as medium-level obstacles, with scores ranging from 2 to 5, while
policy environment and market conditions cluster in the 3-4 band, indicating moderate concern. Only one
respondent (R3) records predominantly low scores, and a handful of cells are blank, showing questions
some participants chose not to answer. Overall, the pattern reveals broad agreement that labour
shortages, high capital outlays and conservative workplace culture are the critical roadblocks to faster
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technology uptake, whereas regulatory or market factors, though important, are considered comparatively
less severe.

Conclusion & Recommendations

Conclusion

Survey results confirm that government and industry bodies recognise the strategic importance of
digitalisation but view Australian construction as trailing both global peers and leading domestic sectors.
Four barriers dominate:

e high investment costs

e acute skills shortages

e conservative industry culture and equally,

e poor software interoperability that makes new tools hard to integrate with legacy systems.

These hurdles are inter-linked — respondents who rate one factor highly tend to rate the others highly as
well — implying that isolated fixes will have limited impact. Existing support schemes are judged only
moderately effective, hampered by slow policy cycles and low SME reach. Engagement with construction
firms and peer bodies is strong, yet ties to technology vendors are weakest, signalling a missed opportunity
to co-design practical solutions.

Stakeholders nevertheless show a strong willingness to engage: nine in ten would join industry roundtables
and seven in ten would sit on policy working groups. They call for urgent action on BIM, Al, robotics, 3-D
printing and AR/VR - based site tools, seeing these as the technologies most in need of policy, standards
and skills support. A bundled approach — combining regulatory reform, targeted funding, workforce
upskilling and active vendor partnerships — will therefore be essential to close the adoption gap.

Recommendations

|. Policy & regulatory reform

A national, ISO 19650-aligned BIM and digital-construction standard should be issued and mandated for all
government-funded projects. Procurement rules must be modernised, so tenders are awarded on
innovation, whole-of-life value and productivity gains rather than lowest upfront price. Regulators should
introduce “fast-track” or sandbox pathways that let robotics, on-site 3-D printing and other advanced
methods be certified quickly while field data are gathered. Oversight and continuity could be provided by a
National Construction Technology Taskforce that brings together government, industry, unions and training
providers to steward standards, coordinate pilots and share lessons sector-wide.

2. Funding & vendor engagement

Long-term SME grant and loan facilities need to bundle capital outlays with training subsidies so firms can
purchase technology and build capability in tandem. Complementary tax incentives should reward
demonstrable gains in productivity or carbon reduction, not just capital expenditure. Government can
amplify impact by brokering national agreements with major technology vendors that secure discounted
academic pricing, shared testbeds and early-adopter pilot programmes, lowering the cost and risk of first-
mover projects.

3. Skills development & workforce transition

Digital-construction units — covering BIM, Al, robotics and AR/VR — should be embedded across TAFE,
university and apprenticeship pathways, with stackable micro-credentials available for niche technologies.
Mandatory digital continuing professional development (CPD) tied to licence renewal will keep practising
professionals current, while funded industry secondments for educators will ensure teaching staff work
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with live technologies. Parallel industry-certified upskilling programmes, co-delivered with vendors, will help
the existing workforce acquire new digital competences quickly and credibly.

4. Collaboration & knowledge sharing

Regional innovation hubs should be established as neutral spaces where builders, technology suppliers and
researchers can co-design solutions and test interoperability of software and hardware. A national data-
sharing platform, underpinned by common schemas, would let firms benchmark performance and
accelerate diffusion of best practice. Finally, an industry-vendor-government committee could publish an
annual “digital-maturity barometer,” updating the policy roadmap and keeping momentum behind the
transformation agenda.

5. Immediate technology priorities

The first wave should concentrate on BIM: finalising standards, training tutors and mandating usage on
public projects. In parallel, clear safety and regulatory frameworks must be issued for Al-enabled robotics
and automated equipment so early adopters can proceed with confidence. Government-funded pilot
projects for construction-scale 3-D printing and AR/VR site-visualisation tools should follow, with rigorous
capture of cost, time, quality and safety outcomes to inform the next round of large-scale deployments.

These actions, pursued together, address the intertwined financial, technical and
cultural barriers identified by the survey and position Australia’s construction sector
to close the adoption gap with global competitors.
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Companies
survey —
Write Up

This brief report summarises the technology-adoption
survey of the Australian construction sector. A targeted e-
mail, phone-outreach and social-media campaign
(LinkedIn, Facebook) contacted construction companies
and construction related companies directly and
indirectly, yet only four companies completed the
questionnaire — a lower response rate than hoped, but
one that still spans varied sizes, geographies and sub-
sectors. Each respondent provided detail on current digital
tools, adoption drivers and barriers, training practices, ROI
metrics and future technology priorities, yielding a
qualitative snapshot of industry sentiment.

Results point to uneven but advancing digital maturity. All
four companies already use project-management
software, mobile field apps and Building Information
Modelling (BIM), motivated chiefly by the pursuit of
operational efficiency, relief from labour shortages and
improved safety compliance. The most persistent
impediments are high up-front costs, difficulty integrating
new technologies with legacy systems and employee
resistance to change. Looking ahead, respondents expect
artificial intelligence, 3D printing, BIM and the continued
use of existing mobile applications and project
management software to exert the greatest influence over
the next five years.

Capability building and benefits measurement remain
weak spots. Training relies on a patchwork of in-house
sessions, vendor courses and online modules, yet skills
gaps persist. ROI tracking ranges from project-level profit
margins and client feedback to no formal metrics in some
cases. Overall, the findings reinforce that digital capability
is now considered essential for competitiveness, but
financing, system integration, cultural change and robust
evaluation continue to hamper wider adoption — a signal
that targeted support and clearer success metrics are
needed to move beyond early-stage initiatives.

July2025 145|Page



DIGITAL BLUEPRINT Emerging Technologies Research Project

Detalled Analysis

Respondent Company Profiles

The four survey respondents are all active construction companies. Together they cover a broad market
mix: operating in residential and commercial building, as well as delivering infrastructure, transport, utilities
and public-facility projects. Annual turnover sits at opposite ends of the spectrum — half report revenues
between AUD 1 million and 10 million, the other half exceed AUD 100 million — mirrored by workforce size
(two companies employ 11-50 staff, one 51-200 and one more than 500). Geographically the group is
multi-jurisdictional: three work in the Australian Capital Territory, two each in New South Wales and
Queensland, and at least one in every other state and territory except the ACT's neighbours. This diversity,
albeit from a small sample, offers a useful cross-section of perspectives on technology adoption across
company scales, project types and regions.

Current Technology Adoption and Digital Maturity

Which of the following technologies does your company currently use? Select all that apply.
4 responses

3D Printing[—0 (0%)

Artificial Intelligence (Al)
Augmented Reality (AR)
Autonomous Vehicles

Building Information Modelin...
Cybersecurity, Governance...|—0 (0%)
Digital Twins—0 (0%)

Drones 2 (50%)
Exoskeletons|—0 (0%)
Internet of Things (loT) — su... 2 (50%)

Mixed Reality (MR)—0 (0%)

Robotics —0 (0%)

Simulators for High-Risk work|{—0 (0%)
Site Sensors

Virtual Reality (VR)

Project management software
Mobile apps for field operati...

3 (75%)

2 (50%)

4 (100%)

All surveyed companies have begun integrating digital tools into their operations. Project management
software and mobile applications for field data collection are universally used, forming the backbone of
most companies’ tech stack. Likewise, adoption of Building Information Modelling (BIM) is high, with the
majority of respondents implementing BIM for design and coordination tasks. Several companies also
leverage cloud-based services for file storage, collaboration, or data management. A couple of the
respondents reported using drones for activities such as site monitoring and progress photography. These
findings indicate that a foundation of modern digital technology is in place even among this small sample of
companies, though the breadth of implementation varies.
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Rate your company's current level of digital maturity:
4 responses

@ Basic (minimal use of digital tools)

@ Developing (some digital tools
implemented)

@ Advanced (widespread digital adoption)

@ Leading (innovative use of emerging
technologies)

Despite all companies using core tools, their self-assessed digital maturity levels range from basic to
intermediate. Some companies consider themselves still in early stages — using off-the-shelf software for
specific needs — whereas others are pushing into more innovative territory. Notably, one respondent
described using Al-driven analytics on productivity data to guide construction scheduling. This illustrates
that pockets of advanced innovation exist (for example, using data and Al to drive decisions and improve
employee engagement), even if not widespread. In general, however, most companies are still consolidating
proven technologies rather than deploying experimental ones.

How would you characterise your company's approach to technology adoption?
4 responses

mature)
@ Conservative (adopting only when
necessary)

@ Resistant (preferring traditional
methods)

@ Pioneer (actively seeking and testing
new technologies)

@ Early adopter (quick to adopt proven
innovations)

@ Pragmatic (waiting for technologies to

The self-ratings in the adoption-approach chart reinforce that diversity: the four companies distribute
evenly across the spectrum — one sees itself as a pioneer, one an early adopter, another pragmatic, and
the last conservative — with none claiming outright resistance. This aligns with the earlier observation that,
while all respondents have embedded core digital tools, their depth of use diverges. The pioneer and early-
adopter companies are experimenting with frontier solutions such as Al-driven productivity analytics,
whereas the pragmatic and conservative companies are still consolidating off-the-shelf software that
addresses immediate needs. Together, the results confirm a landscape in which isolated pockets of
advanced innovation coexist with more cautious, incremental uptake, underscoring the need for support
mechanisms that cater to multiple stages of digital readiness.
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Discovering New Technologies

How does your company typically discover new construction technologies? Select all that apply.

4 responses

2 (50%)

Industry conferences and trade...
Professional associations and i... 4 (100%)
Peer networks and word of mouth
Technology vendor presentations
Industry publications and newsil...
Social media and online platfor...
Research partnerships with uni...

Competitor analysis

Construction technology consul...

2 (50%)

1 (25%)

2 (50%)

Government initiatives and pro...
Identified by, and brought into y...

The way companies discover new technologies also shed light on this landscape: the four companies rely
most heavily on professional associations and industry bodies — all respondents selected this option as a
primary discovery channel for new construction technology. Informal networks are almost as influential:
peer word-of-mouth and internally championed ideas were each cited by three companies (75 %). Roughly
half employ more outward-facing scans — industry conferences and trade shows, social-media feeds, and
competitor analysis — while only one company mentioned structured inputs such as vendor presentations,
trade publications, university partnerships, consultants or government programmes. These patterns
suggest that trusted professional circles and staff initiative drive awareness more than formal vendor
outreach or public-sector initiatives. As a result, the technology landscape inside these companies can be
described as digitally enabled but still maturing: tools are increasingly visible through networks and events,
yet systematic evaluation, integration and optimisation remain works in progress.
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Technology Suitability Assessment

When evaluating new technologies, how do you assess their suitability for your company? Please rate each factor on the fellowing scale.

4
I Notimportant at all Slightly important M Moderately important [l Very important [l Extremely important
3
2
o
Cost-henefit analysis Alignment with business Ease of implementation Staff capabilites and Client demands and Indusiry trends and Competifive advantage Integration with existing Risk assessment Regulatory compliance
sirategy fraining requirements enpeclations standards pobential systems

When the four companies screen a new technology, three criteria dominate. Competitive-advantage potential and cost-benefit analysis both attract the highest
ratings, with at least half the respondents marking them “extremely important.” Integration with existing systems is close behind, rated “very” or “moderately”
important by all, reflecting the practical need to mesh new tools with legacy software and workflows.

Second-tier considerations include alignment with company strategy, ease of implementation and industry trends or standards; these factors receive a mix of “very”
and “moderately” important scores but fewer “extreme” ratings. By contrast, staff training requirements, client expectations, risk assessment and regulatory
compliance are weighted more variably — each registers at least one “slightly important” response — suggesting they are viewed as manageable hurdles rather than
deal-breakers. Overall, the companies prioritise clear commercial upside and operational fit over external or workforce-related concerns when deciding whether to
adopt a new technology.
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Technology and its impact on survival and growth

What role do you see technology playing in your company's survival and growth? Please rate your level of agreement for each statement below.

‘ I strongly Disagree [ Disagree [l Neutral [l Agree [ Strongly Agree
3
2
0

Technology adoption is New technologies provide Our clients expect us to Technology investment is Traditional methods are Technology adoption is too Our industry is too
critical for business survival competitive advantages use current technologies essential for future growth becoming obsolete costly for business survival traditional for rapid
technology adoption

All four companies see technology as fundamental to their future: unanimity — or near-unanimity — exists on the propositions that digital adoption is critical for
company survival, delivers competitive advantage, and is expected by clients; each of these statements drew either “agree” or “strongly agree” from every respondent.
Most also endorse the view that continued technology investment is essential for growth, although one company remained neutral. Opinions diverge on whether
traditional methods are already obsolete: three respondents are neutral, suggesting uncertainty about the speed of change, while one strongly agrees. Cost and cultural
inertia are not viewed as deal-breaking barriers: two companies disagree and the other two are neutral on the claim that technology is “too costly for survival,” and
only one respondent sees the industry as “too traditional” for rapid uptake. The group is convinced of technology's strategic importance, cautiously optimistic about
overcoming financial and cultural hurdles, and divided only on how quickly conventional practices will fade.
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Implementation Timeline

What factors influence your timeline to implement new technelogies or technology upgrades? Please rate for each factor below.

4
I Strongly Disagree Disagree NN Meutral N Agres I Stongly Agres
3
2
]
Budget availability Staff readiness and iraining Technalogy vendor Integration complexity Rusiness disruption Client project schadules Market canditions Requlatory requirements Return on invesiment Resource avallability
neads availability CONCEITS axpacitabons

Implementation schedules are shaped most by internal resourcing and practical integration issues. All four companies either agree or strongly agree that budget
availability, staff readiness, vendor supply and integration complexity govern how quickly a new tool can be rolled out. Slightly less — but still broad — agreement
exists for company-disruption risk and client project schedules, each seen as timeline constraints by three out of four respondents. External factors carry less weight:
only two companies cite market conditions or return-on-investment expectations as decisive, and opinions on regulatory requirements split evenly between neutral
and disagree. In short, timetables hinge first on whether the company has money, skilled people and compatible systems in place; wider market signals or compliance
obligations are secondary considerations.
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Looking ahead

What is your company's annual technology budget as a percentage of revenue?

4 responses

@ Less than 1%
O 1-3%

® 3-5%

@ More than 5%
@ Don't know

Looking ahead three years, which of these technologies do you expect your company to experiment

with and/or implement? Select all that apply.
4 responses

3D Printing|—0 (0%)
Artificial Intelligence (Al) 4 (100%)
Augmented Reality (AR) 2 (50%)
Autonomous Vehicles —0 (0%)
Building Information Modelin... 2 (50%)
Cybersecurity, Governance... 2 (50%)
Digital Twins{—0 (0%)
Drones 2 (50%)
Exoskeletons —0 (0%)
Internet of Things (IoT) — su... 3 (75%)
Mixed Reality (MR)[—0 (0%)
Robotics|—0 (0%)
Simulators for High-Risk work|—0 (0%)

Site Sensors 3 (75%)
Virtual Reality (VR) 1 (25%)
Project management software 3 (75%)
Mobile apps for field operati... 3 (75%)
0 1 2 3 4
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What are your primary motivations for adopting new technologies? Please rate for each motivation below.

4
Il Strongly Disagree Disagree [ Neutral [l Agree M Strongly Agree
3
| II J
Q
Improving productivity Reducing costs Enhancing safety Meeting client demands Staying competitive Environmental Addressing labour Other (please specify
sustainability shortages below)

Budget intentions, future-technology priorities and adoption drivers paint a consistent picture of cautious but purposeful digital investment. Funding clarity is mixed:
half the companies could not state their technology spend as a share of revenue, one allocates 1-3 %, and one commits more than 5 %, indicating both uncertainty
and a wide spread of commitment levels.

Over the next three years every respondent plans to trial or deploy Al, and three of the four also expect to implement loT solutions, site sensors, mobile or project-
management apps, and VR or simulator-based training; by contrast, capital-intensive or still-nascent tools such as 3-D printing, autonomous vehicles and robotics
attract no interest.

The motivation profile reinforces this pragmatic stance: all companies “agree” or “strongly agree” that technology must lift productivity, enhance safety, keep them
competitive and satisfy client demands, while cost reduction is important but not universal, and environmental sustainability or labour-shortage relief are viewed
more neutrally. Together, the data suggest that companies will invest — and in some cases invest heavily — when a technology offers clear operational upside and
manageable implementation risk but remain wary of more speculative or capital-heavy innovations.
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Technology Adoption Barriers

What barriers have you encountered in adopting new technologies? Please rate for each barrier below.

2

Il smorgly Drsagree Disagree [l Nevval I Agres  EE Strongly Agree
Initial cost of technology— Ongoing maintenance and  Employee resstanoe § riegration with existing Lok of technical expertas Unclear retim on Cybersecusity

concerrs Saquiatary compiance Time required far Dissuipticn ko existing Scbwerehandvware Diata management and

implermertation subscription costs change syslems mglementation workfons compatibility ssuns privacy concerns

within orpnrisation esiment

Cost and integration hurdles dominate the barrier landscape. All four companies either agree or strongly agree that high up-front expenditure, ongoing subscription
costs and the effort of meshing new tools with existing systems slow adoption. Three respondents also point to employee resistance and the time required for
implementation, highlighting the human and scheduling impacts of digital change. Concerns about an unclear return on investment and potential workflow disruption
register as secondary but still significant, noted by two companies. By contrast, cyber-security, regulatory compliance, data-privacy and hardware-compatibility issues
draw mostly neutral or disagree responses, suggesting they are viewed as manageable rather than deal-breaking.
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What workforce-related challenges do you face when implementing new technologies? Please rate for each challenge below.

4
I Strongly Disagree [l Disagree [ Neutral Agree [ Strongly Agree
3 =
| J
Difficulty finding staff with  High turnover of technically Resistance from ‘Generation gap in Limited internal technical Competition for skilled Salary expectations of Regionalflocation-based
required technical skills skilled staff experienced workers technology adoption support capability workers from other technically skilled workers recruitment challenges

industries

Workforce capacity compounds these financial and integration hurdles. All four companies acknowledge a shortage of staff with the required technical skills, and three
see a generation gap in technology adoption, confirm that know-how — rather than headcount alone — is the binding constraint. Respondents also cite resistance
from experienced workers and limited in-house technical support, underlining the cultural and capability lift still needed to make new tools stick. By contrast, high staff
turnover, salary expectations, regional recruitment and competition from other industries register mainly as neutral or minor concerns, suggesting that once suitably
skilled people are found, retention and remuneration are less problematic. Together with the earlier cost-and-integration barriers, these findings show that successful
digital rollouts hinge on building and retaining a tech-savvy workforce just as much as on financing and installing the tools themselves.
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Technology Training

How do you address technology training in your company? Select all that apply.

4 responses

Internal training programs 4 (100%)
External consultants/trainers 4 (100%)
Online learning platforms 4 (100%)
Vendor-provided training 4 (100%)

Mentoring programs 2 (50%)

Technical apprenticeships 1(25%)
Industry certification programs

No formal training program

From a training perspective, all four companies rely on a multi-channel training mix: every respondent uses
internal programmes, vendor-supplied sessions, external consultants and online platforms, and half
supplement these with mentoring schemes. Only one organisation offers technical apprenticeships, and
none run industry-wide certification courses, indicating that most upskilling is delivered informally or in-
house rather than through recognised external qualifications.




D DICITAL BLUEPRINT Emerging Technologies Research Project

What challenges do you face with technology training programs? Please rate for each challenge below.

'
I Strongly Disagree [l Disagree I Mewtral I Agree I Strongly Agree

b ohd ok nd

L]

-

1]
Cost of iraining programs Time away I'mm productive Limited availability of Difficulty measuring training  Low amployes engagement  Rapid technology changes Language of cultural Deffarant aklll wvels among
quality training providers effectivonass in training requiring constant barmiars
retraining

That breadth does not eliminate pain-points. Three of the four companies agree that time away from productive work, limited availability of high-quality trainers, and
differing skill levels among staff hamper training effectiveness, and two highlight the difficulty of measuring outcomes. Costs and employee engagement are
acknowledged but as lesser issues, while constant technology change is seen as a growing concern that forces repeated retraining. Although companies use a wide
range of delivery channels, they still struggle with scheduling, trainer supply and gauging impact.
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How do you allocate for technology training annually?
4 responses

@ Hours per employee

platforms
@ Unsure to large of a company

Training investment is tracked inconsistently. Each organisation relies on some type of metric, but the four
metrics differ: one counts training hours per employee, another tallies the number of formal sessions
delivered, a third monitors spending on learning platforms and materials, and the fourth is unsure how the
budget is calculated. No company budgets training as a set share of revenue, and none uses multiple
measures in combination. The absence of a common yard-stick — or reference to industry benchmarks —

suggests that training spend is managed on an ad-hoc basis rather than through a consistent, data-driven
framework.

How do you assess technology competency in your company? Select all that apply.
4 responses

Regular skills assessments 0 (0%)

Certification requirements |0 (0%)

Performance metrics 1(25%)
Peer review systems 2 (50%)
External audits —0 (0%)
Unsure to large of a company 1(25%)
Based on need 1(25%)
0 1 2

@ Budget as percentage of revenue

@ Number of formal training sessions
@ Investment in training materials/

Assessment practices remain informal and inconsistent. Two of the four companies rely on peer-review
systems, with one of those also using project performance metrics to gauge competence. A third assesses
staff only “when a specific need arises,” and a large respondent is unsure how skills are measured at all. No
company conducts regular skills tests, mandates certifications, or commissions external audits,
underscoring that technology capability is evaluated reactively rather than through a systematic,
organisation-wide framework.
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What strategies have you found most effective for upskilling existing staff? Please rate for each strategy below.

I Strongly Disagree [ Disagree [l Neutral [ Agree M Strongly Agree

3
| “ IILIII
0
Peer-to-peer learning Hands-on project Fermal classreom training  Online self-paced leaming Mixed reality training Industry workshops and Vendor-specific Cross-training programs
experience simulations conferences certifications

When asked what actually works for upskilling, respondents converge on experiential and peer-driven methods. All four agree or strongly agree that hands-on project
experience, vendor-specific certifications, cross-training and industry workshops are effective, and three give the highest rating to peer-to-peer learning. Traditional
classroom delivery and self-paced online modules draw mixed reviews, while mixed-reality simulations are still viewed neutrally — useful, perhaps, but not yet proven.
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What incentives do you offer for technology skill development? Select all that apply.
4 responses

Salary increases

Promotions/career advancement 3 (75%)

Certification bonuses|—0 (0%)

Professional development

1 (25%
funding (25%)

Conference attendance[—0 (0%)

Nothing 1(25%)

What partnerships do you maintain for technology training and development? Select all that apply.

4 responses

Technical colleges/universities

Industry associations 3 (75%)
Technology vendors

Training organisations 3 (75%)
Government programs

Other construction companies 3 (75%)

Incentives and partnerships mirror this preference for organic learning. Three companies offer promotion
or career-progression opportunities for staff who build technology skills, but only one links those skills
directly to salary, and none pays certification bonuses. On the partnership front, most companies lean on
industry associations, training organisations and fellow contractors (three selections each) and half engage
technology vendors, yet only one has formal ties with universities or government programmes. The picture
is of a sector favouring collaborative, practice-based learning networks, but still lacking systematic budgets,
assessment frameworks and external incentives to scale technology capability.
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Outcomes

For technalogies you've implemented, what improvements have you seen averall: {Percentage improvement) - please select the relevant percentage (%) for each improvernent.

| 'l BB 120 2130 B G140 B 4150 B 5150 B 6170 M T1-60 M 6150 N 51-100

i ] II 10l 1 I

Project completion Sme Cosl sanvings Safuly incdents Cuality/defect reduction Chent satsfaction Ermployes producivity

The reported benefits of technology adoption are modest but tangible. Most companies estimate 1-20 % gains across project-completion time, cost savings and
safety-incident reduction, with one company claiming a slightly higher (21-30 %) improvement in quality-defect rates. Client-satisfaction scores have risen by up to 20
% for three of the four respondents, while employee productivity shows the widest spread: three companies report 11-20 % gains, but one cites a jump of 41-50 %,
indicating that labour-focused tools can deliver outsized returns when well-integrated.

One respondent highlighted an additional upside not captured in the tick-box metrics — tracking actual productivity data to boost employee engagement and then feeding
those data into an Al engine to optimise construction schedules. This example underscores how data-driven feedback loops can amplify both morale and operational
efficiency beyond the headline percentages.

How do you measure Return on Investment (ROI) on technology investments?

Return-on-investment measurement remains inconsistent. One company admits it does no formal ROI tracking, while the others rely on disparate yardsticks:
aggregated production metrics and safety data, client feedback combined with post-project evaluations, or straightforward profit margin per job. The lack of a
common, quantitative framework makes it difficult to benchmark technology pay-offs across projects or organisations, reinforcing an earlier finding that digital
spending and results are still managed largely on an ad-hoc basis.
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The Future of Emerging Technologies

Which emerging technologies do you believe will have the biggest impact on the construction
industry in the next 5 years? Select the TOP 3.

4 responses

3D Printing 3 (75%)
Artificial Intelligence (Al) 3 (75%)
Augmented Reality (AR){—0 (0%)

Autonomous Vehicles|—0 (0%)

Building Information Modelin... 2 (50%)

Cybersecurity, Governance...|—0 (0%)

Digital Twins 1(25%)

Drones 1 (25%)
Exoskeletons|—0 (0%)

Internet of Things (loT) — su... 1(25%)

Mixed Reality (MR) 1 (25%)
Robotics[—0 (0%)

Simulators for High-Risk work 1 (25%)

Site Sensors|—0 (0%)
Virtual Reality (VR)|—0 (0%)
Project management software 2 (50%)
Mobile apps for field operati... 3 (75%)

0 1 2 3

Asked which emerging technologies will reshape construction in the next five years, respondents converge
on three front-runners: Artificial Intelligence, 3-D printing and mobile apps for field operations, each
selected by 75 % of companies. Building Information Modelling (BIM) and project-management software
upgrades follow, chosen by half of the sample, while niche tools — digital twins, drones, 10T sensors, mixed-
reality simulations and high-risk work simulators — receive a single vote apiece. No company flags
autonomous vehicles, robotics or exoskeletons, indicating that capital-intensive automation is viewed as a
longer-term prospect.

Strategic Priorities

In terms of strategic priorities for the next few years, the survey captured a few open-ended responses that
shed light on where companies intend to focus their efforts. A recurring theme was the commitment to
continue investing in and implementing new or improved technologies on projects. One respondent
summarised their priority as “to continue research and implementation of new or improved technologies”,
indicating a proactive stance toward finding better tools on an ongoing basis. Another emphasised goals of
“improving client engagement, driving project efficiency, [and] digital systems implementation”. Taken together,
these priorities underline a balance of external and internal focuses: on one hand, enhancing client
interfaces and transparency through digital means, and on the other, pursuing internal efficiencies and
integration of systems to boost productivity. Essentially, companies plan to deepen their digitalisation, not
just by acquiring tools but by embedding them into how they interact with clients and how they run
projects day-to-day.

It's also worth noting that respondents expect significant change management efforts as they pursue these
new technologies. Several companies implicitly recognised that new technologies (or further advancing with
existing ones being used) will require not just capital investment but also adjustments in workflow, new
training for staff, and possibly new hires with specialised skills. This cautious but forward-looking approach
suggests that, while challenges persist, these company leaders are committed to advancing their
technology capabilities. They are looking to position themselves at the forefront of the industry's evolution,
or at least to keep pace with it, over the coming years.
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Conclusion & Recommendations

The four surveyed construction companies illustrate a sector that is digitally enabled but
unevenly mature. Core tools — project-management software, mobile field apps and BIM — are
in place, yet depth of use ranges from basic to pioneering. Cost, integration complexity and
skills shortages form a triple constraint, amplified by employee resistance and limited in-house

support. Training is delivered through an eclectic mix of internal programmes, vendor courses
and online modules, but investment tracking, competence assessment and ROl measurement
remain ad-hoc.

Despite these shortcomings, companies see technology as critical for survival and growth;
every respondent plans to pilot Al and most will add other forms of emerging technologies into
the mix. However, interest in capital-heavy automation (e.g., robotics, 3-D printing) is muted,
reflecting tight budgets and uncertain paybacks. Companies discover innovations mainly
through professional bodies and peer networks, not vendors or government programmes, and
call for clearer standards and contractual models that de-risk investment. Modest but tangible
benefits — 1-20 % gains in time, cost, safety and client satisfaction — show progress, yet the
absence of systematic metrics hampers benchmarking and continuous improvement.

Recommendations

1. Establish national benchmarks. Issue
baseline BIM and data-exchange standards,
supplemented with guidance for Al, IoT and VR,
and charge a joint government-industry task-
group with refreshing them each year and
publishing pilot results.

2. Modernise procurement. Replace hard-dollar
contracts with project-management or alliance
models that allow scope to flex and for new
technologies to be introduced mid-project—an
essential advantage in a fast-moving tech
landscape—while also rewarding digital capability
and data transparency in tender scoring.

3. Unlock funding and vendor support. Launch
matched grants or low-interest SME loans that
cover both technology purchases and staff
upskilling, and broker sector-wide agreements
with key vendors for discounted licences, shared
testbeds and train-the-trainer schemes.

4. Build a measurable skills pipeline. Embed
digital units, such as BIM, data analytics and Al
fundamentals, across VET, university and
apprenticeship pathways, while encouraging
companies to implement regular skill
assessments supported by a relevant upskilling
programs.

5. Provide implementation playbooks. Develop
open-source guides that show how to integrate
new tools into a company, including integration
with legacy systems. Include change-
management templates and ROI calculators, and
seed peer-to-peer mentoring circles to share job-
site rollout lessons.

6. Make ROI tracking routine. Adopt a standard
outcome dashboard — time, cost, safety, quality
and client satisfaction — collected at project
close-out and require grant recipients to publish
anonymised results to build an industry evidence
base.

7. Harness collaboration to accelerate
progress. Establish formal forums and pilot
programmes that bring contractors, technology
vendors, government agencies, unions, training
providers and universities to the same table.
Consortia should co-design use-cases, share data
through a common platform, and jointly evaluate
costs, benefits and safety outcomes — turning
isolated trials into sector-wide learning loops and
ensuring policy, skills and technology advance
together.
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Vendors

survey —
Write Up

To ground the research in real-world commercial
experience, we ran a targeted survey of technology
suppliers to Australia’s construction sector. More than 100
vendors were approached — via three successive e-mail
rounds, phone follow-ups, LinkedIn and other social-
media posts, and a call-out circulated through the project-
funding partners’ networks. Despite this broad canvass,
take-up was poor: three micro-enterprises (each 1-10
staff, all Australian-owned) completed the full
questionnaire. While small, the cohort represents a
concentrated slice of the market's most specialised
players — Al developers, AR/VR/MR solution providers,
and BIM/digital-twin consultancies and resellers — giving
them clear visibility of contractor pain-points and adoption
realities.

The survey explores how these companies discover,
market and support new technologies; the barriers they
confront; and their expectations for the sector’s next five
years. A clear consensus emerges: the technology
available today is capable of delivering transformational
change, yet uptake remains throttled by cultural
resistance, uncertain ROI, skills deficits and fragmented
responsibility along the value chain. Vendors are
countering these frictions through flexible pricing, industry
partnerships and intensive training, but they also call for
coordinated support — from government, industry bodies
and training institutions — to unlock scale.

The sections that follow unpack these findings in detail,
providing a supplier-side lens that sharpens the demand-
side gaps identified elsewhere in this report.

July2025 164 |Page



EXTBUILD DIGITAL BLUEPRINT Emerging Technologies Research Project

Vendor Demographics

Which category best describes your company’s primary role?
3 responses

Emerging technology developer/

0
manufacturer 2 (66.7%)
Technology/eqmpment.res.;eller/ 2 (66.7%)
distributor
Systems integrator
Consultancy/services provider 1(33.3%)
0 1 2
What is your organisation's primary sector focus? Select all that apply.
3 responses
Residential construction 1(33.3%)
Commercial construction|—0 (0%)
Industrial construction 1(33.3%)
Infrastructure projects 1(33.3%)
Consulting on technology and o
supplying the hardware and sof... 1(33.3%)
0.0 0.2 0.4 0.6 0.8 1.0
Who are your customers? Select all that apply.
3 responses
Large construction companies 1(33.3%)
Mid-size contractors
Small builders 1(33.3%)
Specialty trades 1(33.3%)
' . Mostly thsjt Alrchitects and 1(33.3%)
Visualisation specialists. Only a...
Downstream suppliers EG. o
retailers to the industry 1(33.3%)
0.0 0.2 0.4 0.6 0.8 1.0
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What is your organisation's annual revenue?
3 responses

Emerging Technologies Research Project

@ Less than $1M AUD
® $1M - $10M AUD

@ $10M - $50M AUD

@ $50M - $100M AUD
@ More than $100M AUD

How many employees does your organisation have?

3 responses

What types of emerging technologies does your company provide to the construction industry?

Select all that apply.

3 responses

3D Printing|—0 (0%)

Artificial Intelligence (Al)
Augmented Reality (AR)
Autonomous Vehicles|—0 (0%)

Building Information Modelin...
Cybersecurity, Governance...
Digital Twins

Drones|{—0 (0%)

Exoskeletons|—0 (0%)

Internet of Things (IoT) —su...[—0 (0%)

Mixed Reality (MR) [ 1 (33.3%)

Robotics[—0 (0%)
Simulators for High-Risk work|—0 (0%)
Site Sensors{—0 (0%)

Virtual Reality (VR) [ — 2 (66.7%)

Project management software[—0 (0%)
Mobile apps for field operati...—0 (0%)

Design software from Autod. .. | 1 (33.3%)

0

@® 1-10

® 11-50

@ 51-200

@ 201-500

@ More than 500

1 (33.3%)
1 (33.3%)

1 (33.3%)

1 (33.3%)

1 2
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Rate your organisation’s current level of digital maturity:

3 responses

@ Basic (minimal use of digital tools)

Developing (some digital tools
implemenied)

@ Advanced (widespread digital adoption)

@ Le=ading (innovative use of emerging
technologies)

The vendor sample, while modest in size, reflects a focused cross-section of emerging-technology
specialists serving Australia’s construction sector. Two of the three respondents identify primarily as
emerging-technology developers/manufacturers, with the remaining business operating a dual role as a
technology/equipment reseller and consultancy. Collectively, they service a broad span of construction sub-
segments — ranging from residential builders and specialty trades through to industrial and infrastructure
contractors — and maintain close links with upstream design professionals (architects and visualisation
studios) and university built-environment faculties. This mix indicates that technology diffusion is occurring
both on site and in the design/pre-construction stages, supported by strong industry -academic ties.

All three vendors are micro-enterprises (1-10 employees) and Australian-owned and operated, yet two
report annual revenues between AUD 1 - 10 million, suggesting that highly specialised IP and niche
hardware/software offerings can generate disproportionate commercial returns even at small headcounts.
The prevalence of very small teams underscores the agility typical of the emerging-tech landscape, while
also highlighting potential resourcing constraints that could affect large-scale deployment or long-term
support for enterprise clients.

Technology breadth is notable. Across the cohort, offerings cover Al, BIM, digital twins, VR, AR, MR and
associated design toolchains (Autodesk, Rhino, Unreal Engine, etc.). This reinforces a market trend toward
integrated, multi-modal solutions rather than single-point products —vendors are positioning themselves
as enablers of end-to-end digital transformation rather than suppliers of isolated tools. It is also significant
that Al appears alongside immersive and information-rich platforms, hinting at converging roadmaps
where data-driven insights, visualisation and real-time collaboration intersect to create new value
propositions for construction businesses.

Two-thirds of respondents consider themselves digital leaders, with the remaining third describing a
developing capability. No vendor views its practices as merely “advanced” or “basic,” reflecting strong self-
confidence and an innovation-first mindset consistent with their product portfolios. The pattern also aligns
with business type: both technology developers rate themselves as leading, while the reseller/consultancy
— tasked mainly with enabling others — rates as developing.

Overall, the demographics point to a nascent but sophisticated vendor ecosystem: domestically owned,
highly specialised, and oriented toward collaboration with both tier-one contractors and upstream design
stakeholders. These characteristics bode well for an innovation-led growth path, yet they also flag capacity
challenges and the need for strategic partnerships if adoption is to scale across Australia’s wider
construction industry.

2] BENCHMARK * July 2025 167 |Page
ousiness df\flri-.')fy

CONSTRUCTION INDUSTRY TRAINING COUNGIL



DIGITAL BLUEPRINT Emerging Technologies Research Project

Technology Discovery

How does your organisation typically discover new construction technologies? Select all that apply.
3 responses

Industry conferences and trade...
Professional associations and ...
Peer networks and word of mouth
Technology vendor presentations
Industry publications and newsil...
Social media and online platfor...
Research partnerships with uni...
Competitor analysis

Construction technology consul...
Government initiatives and pro...

Identified by, and brought into y...
Independent research

1 (33.3%)

2 (66.7%)
2 (66.7%)

1 (33.3%)
1 (33.3%)
1 (33.3%)

2 (66.7%)

Surveyed vendors rely on a deliberately multi-channel radar to spot the next wave of construction tech. The
most common triggers are internal champions who actively scout and trial tools (cited by two of the three
companies) and peer networks/word-of-mouth referrals (also two of three) — underscoring the importance
of practitioner credibility and informal proof-of-concept before wider adoption. Technology vendor demos
and roadshows rank equally high, again noted by two respondents, confirming that direct engagement with
suppliers remains a key learning vehicle. Single-respondent channels round out the mix: industry
publications/newsletters and independent desk research for structured horizon scanning; conferences and
trade shows and social-media platforms for early signals; and formal research partnerships with
universities to access cutting-edge prototypes.

Introducing and Promoting Technology Solutions

How do you typically introduce your technology solutions to the construction industry? (Select all
that apply)

3 responses

Direct client outreach 2 (66.7%)

Industry trade shows and 1(33.3%)
conferences

Partnerships with construction

firms

Digital marketing and somje\l 3 (100%)

media

Industry association

collaborations

Referrals 1(33.3%)
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What challenges do you face in promoting emerging technologies to the construction industry? (Rate each of the below)

3
Il Not achallenge [l Minor challenge Il Moderate challenge Significant challenge [l Major challenge
2
1
0 I I I
Resistance to change Budget constraints in Lack of technical expertise Regulatory and compliance  Integration with existing Other - please specify
construction firms in industry barriers systems below

All three vendors cast a deliberately wide net to raise awareness of their solutions. Digital marketing and
social media form the universal foundation, delivering broad reach and low-cost touchpoints; two vendors
then layer in direct client outreach to translate online interest into relationship-driven conversations, while
the third taps industry-association collaborations to borrow trust and signal credibility. Niche tactics such as
referrals — leveraging satisfied design-side users — and trade-show demonstrations — showcasing hands-
on proof — round out a blended go-to-market playbook that mixes scalable visibility with high-touch
engagement.

Yet even with this multifaceted approach, vendors run into stubborn adoption headwinds. Cultural
resistance tops the list, cited as a significant or moderate challenge by every respondent, and it is closely
followed by budget pressures and a skills gap that leave contractors wary of committing scarce capital or
bandwidth to new tools. Perceptions diverge on regulatory barriers, hinting that compliance pain is
product-specific, while system-integration concerns sit mid-table — annoying but not insurmountable.
Underneath it all lies a deeper psychology: buyers’ distrust of Al and a reluctance to be first movers until
productivity gains and cost savings are crystal clear. Together, the data suggest that successful market entry
demands not only broad outreach but also targeted efforts to de-risk adoption, build evidence, and nurture
confidence across the construction value chain.

Customer Concerns

If you service customers outside of Australia, rate the Australian construction industry's

receptiveness compared to the other countries you operate in:
2 responses

@ Significantly less receptive
Somewhat less receptive

@ Similar

@ Somewhat more receptive

@ Significantly more receptive
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What are your customers’ primary concerns when considering your solutions? Please rate your level of agreement for each concern below.

B Srongly Disagree [l Disagree [ Neutral Agree I Strongly Agree
2
0 l
Initial cost Implemantation complexity  Staff raining requirements Integration with exiating Ratumn an investment Technical support Data security’privacy Ongoing costs Ease of user adoption industry standards

sysloms availabity compliance

Building on those adoption headwinds, vendors with international footprints add a useful comparative lens: one vendor sees Australian receptiveness as broadly
“similar” to overseas markets, while another rates it “somewhat less receptive.” The third vendor trades solely within Australia and therefore did not provide a
comparison, but the split view from the other two suggests that, at best, local contractors keep pace with peers abroad and, at worst, lag slightly behind in their
willingness to trial unproven tools.

Drilling into what keeps buyers hesitant, every respondent acknowledges implementation complexity as a hurdle (two agree, one strongly agree) and most echo
concerns about staff-training overhead and initial cost. Opinions diverge sharply on other issues: one vendor’s clients worry intensely about data security and ongoing
costs, while another reports the opposite —those items barely register. Return on investment and technical-support availability are similarly polarising, reflecting how
different customer segments weigh risk versus payoff. While integration and cost factors remain evergreen obstacles, the bigger challenge is a patchwork of buyer-
specific anxieties that vendors must decode and address with targeted evidence, service models and change-management support.
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Technology Adoption

What factors most influence successful technology adoption? Please rate for each factor below.

W Strongly Disagree Disagrez M Meutral I Agree I Strongly Agres
3
2 I
]
Customer leadership Auailanle budnet Technical readiness Staff capabilities Change management Implementation suppart Industry experience Technology maturity Integration capabilities Orther (please specify
commitment capabilities below)

Against that backdrop of buyer hesitancy, vendors were almost unanimous on what does tip projects from exploration into execution. The three companies gave their
strongest endorsements to technical readiness and underlying technology maturity, signalling that bullet-proof reliability is the first hurdle any solution must clear.
Close behind sit customer leadership commitment and budget availability — two vendors “strongly agree” that executive sponsorship and capital allocation dictate
adoption velocity, while the third still “agrees” even if its own clients occasionally stall on cost. Soft-infrastructure elements rank nearly as high: staff capabilities,
change-management competence and robust implementation support all draw consistent “agree” or “strongly agree” scores, reflecting the human lift required to
translate digital tools into site-level productivity. Opinions only part ways on integration capabilities (two vendors rate them critical, one is less concerned), hinting that
interoperability pain depends on whether a solution plugs into existing stacks or operates more stand-alone.

Additional free-text comments reinforce the cultural side of the challenge: vendors observe a persistent reluctance to move beyond familiar practices, coupled with
confusion about what each technology can — and cannot — deliver. Some clients “listen to people who have had bad experiences without understanding why”,
perpetuating myths that one size should fit all, and further slowing momentum.
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How has demand for your technology solutions changed over the past three years?
3 responses

@ Increased significantly
® Increased moderately
@ Stayed the same

@ Decreased

@ Unsure

Viewed through that lens, market sentiment feels like a slow turn rather than a sudden pivot. One vendor
reports demand holding steady, another sees a moderate uptick, and a third is enjoying a significant surge
— collectively sketching a gentle upward slope rather than a hockey stick. Qualitative remarks sharpen the
picture: there is “lots of talk but very little actual adoption”, and “upper management remains unconvinced
unless ROl is proven in hard numbers”. Another responded stated “Lots of talk but very little actual adoption.
Building techniques and methods look the same as they did 40 years ago”.

Still, bright spots emerge. Augmented- and virtual-reality applications are singled out for safety and skills
training, where immersive simulations dematerialise classrooms and slash travel costs; here, client curiosity
is high even if purchase orders lag. On the positive, we can see that the industry is edging forward, albeit
still reined in by budget caution, change fatigue and a lingering wait-and-see mindset.
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Future Technology Prediction

Which emerging technologies do you predict will have the most impact on the construction industry

in the next five years? Select all that apply.
3 responses

3D Printing 2 (66.7%)
Artificial Intelligence (Al) 3 (100%)
Augmented Reality (AR)|—0 (0%)
Autonomous Vehicles 1(33.3%)
Building Information Modelin... 1(33.3%)
Cybersecurity, Governance... 1(33.3%)
Digital Twins 2 (66.7%)
Drones|—0 (0%)
Exoskeletons|—0 (0%)

Internet of Things (loT) — su... 1(33.3%)
Mixed Reality (MR){—0 (0%)

Robotics 1(33.3%)
Simulators for High-Risk work 1(33.3%)
Site Sensors 1(33.3%)

Virtual Reality (VR) 2 (66.7%)
Project management software 1(33.3%)
Mobile apps for field operati... 1(33.3%)

0 1 2 3

All three vendors converge on Artificial Intelligence as the single most transformative force over the next
five years, making it the only technology to receive unanimous backing. Virtual Reality follows close behind
with two endorsements, reflecting its rising profile in training, safety and on-site collaboration. Beyond that
shared core, each respondent adds its own speciality lens: two flag 3-D printing and digital twins as game-
changers for prefabrication and data-rich asset management, while one spotlights autonomous vehicles for
logistics efficiency. Other one-off mentions — 10T site sensors, robotics, BIM, mobile field apps, high-risk
simulators, project-management platforms and even cybersecurity/privacy tooling — paint a picture of a
construction future shaped by tightly connected digital-physical ecosystems.
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Barriers to Adoption
What are the main barriers construction firms face in adopting emerging technologies? Please rate for each barrier below.

4

I Strongly Disagree [l Disagree I Neutral Agree I Strongly Agree
3
2
0
High implementation costs Unclear return on Resistance to change Lack of technical skills Compatibility with existing ~ Cybersecurity concemns Regulatory compliance Other (please specify
investment within firms systems challenges below)

The same obstacles that slow today’s rollouts also loom largest in vendors’ forward view. Unclear return on investment sits at the very top of the stack — every
respondent “strongly agrees” it blocks adoption — closely followed by the perception of high implementation costs (two strongly agree, one agree). Vendors
emphasise that the cost issue is often a misperception (“/n most cases the perception is incorrect”): mistakes, poor scoping or mismatched solutions, rather than the
technology itself, drive overruns. That insight ties back to the previous finding that proven technical maturity and executive sponsorship are decisive — the more
tangible the business case, the faster budgets loosen.

Cultural and capability gaps reinforce the financial drag. Resistance to change earns two strongly-agree and one agree votes, while lack of in-house technical skills
ranges from neutral to strongly agree, signalling that some clients feel acutely under-resourced. Compatibility worries and cyber-security concerns split opinion —
critical for two vendors, negligible for the third — suggesting these barriers spike when solutions must interface deeply with legacy systems or handle sensitive data.
Finally, regulatory compliance shows up as a consistent brake (two strongly agree, one agree). In aggregate, the data confirm that adoption stalls when business value
is fuzzy, change management is weak and confidence in technical fit is low
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Vendor Challenges

What challenges do you foresee for vendors providing emerging technologies in the construction
industry over the next five years? (Select all that apply)

2 responses

Increasing competition|—0 (0%)

Slow adoption by construction

0
firms 2 (100%)

High costs of R&D and innovation

Regulatory uncertainty 1 (50%)

Skilled workforce shortages|—0 (0%)
Integration issues with existing

0,
infrastructure 1(50%)

Looking ahead, vendors concur that slow uptake among construction firms will remain the dominant
headwind, flagging it as a major future challenge. Beyond that shared concern, their views split between
regulatory uncertainty, the grind of integrating new tools with entrenched systems, and the escalating cost
of R&D needed to keep pace with rapid technological change. Together these perspectives depict dual
pressure: suppliers must finance continuous innovation while simultaneously persuading a cautious,
regulation-bound market to modernise its infrastructure quickly enough to realise the benefits.

Strategies to Support Adoption

What strategies is your company implementing to overcome adoption barriers and improve
technology integration? (Select all that apply)

3 responses

Offering training and support
programs

2 (66.7%)
Providing flexible pricing models 2 (66.7%)

Developing industry partnerships 2 (66.7%)

Customising solutions for

o 1(33.3%)
construction firms

Advocating for policy and
regulatory changes
Being available post

1(33.3%
implementation ¢ )
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How can industry bodies, government, or other stakeholders support the adoption of emerging
technologies? (Select all that apply)

3 responses

Providing financial incentives and
grants

Creating standardised technology
adoption guidelines

Facilitating industry training
programs

Investing in infrastructure to

2 (66.7%)
1 (33.3%)

2 (66.7%)

) 3 (100%)
support new technologies
Encouraging collaboration 3 (100%)
between technology vendors a...

Providing a framework for VR

1(33.3%
safety training to become arec... ( )

Vendors are tackling adoption frictions with a pragmatic mix of commercial sweeteners and capability-
building. Two have introduced flexible pricing models and forged industry partnerships to lower budget risk
and lift credibility, while training and support programs feature prominently for another two respondents
— one of whom makes a point of remaining available after implementation to smooth the learning curve. A
third vendor rounds out the toolkit by customising its solutions for individual construction companies,
demonstrating that tailoring, not one-size-fits-all, can be decisive in winning hesitant buyers.

They are equally clear on what the wider ecosystem must supply to unlock sector-wide momentum. All
three call for investment in enabling infrastructure and for structured collaboration frameworks between
technology suppliers and contractors; two add that financial incentives or grants plus industry-wide training
schemes would accelerate skills and cash-flow barriers. One vendor goes further, advocating “standardised
adoption guidelines” and a “micro-credential framework to formally recognise VR safety training”, arguing that
official accreditation would legitimise immersive learning and spur demand.

The Future

Looking forward 5 years, how significant do you believe the impact of emerging technologies will be

on the building and construction industry?
3 responses

@ No impact

@ Minimal impact

@ Moderate impact

@ Significant impact

@ Transformational impact

Despite today’s adoption headwinds, vendor sentiment about the future is unequivocal: every respondent
projects a fully “transformational” impact from emerging technologies within the next five years. This
unanimous outlook suggests that the supplier community sees digital tools not as incremental add-ons but
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as catalysts capable of reshaping construction workflows, cost structures and competitive dynamics
industry wide. The consistency of this view — across vendors of different sizes, product mixes and market
strategies — adds weight to earlier findings that executive sponsorship and infrastructure investment will
pay dividends: the technology itself is ready, and its champions are confident the sector will look
fundamentally different once adoption barriers are cleared.

What do you believe will happen to those in the construction industry who do not evolve and adapt

to new technologies within the next five years?
3 responses

@ They will struggle to remain competitive

@ They will fall behind but still have a
place in the industry

@ They will eventually be phased out

@ Technology will have minimal impact on
their business

@ Unsure

Crucially, vendors also agree on the consequences of standing still. Two predict that companies “will
eventually be phased out”, while the third believes laggards “will struggle to remain competitive.” In other
words, failing to evolve is not merely an efficiency risk but an existential one; the market will reward digital
readiness and progressively marginalise — or eliminate — those who cling to analogue practices.

Technology and the Workforce

Do you believe there is a gap in workforce knowledge and skills related to emerging technology

adoption?
3 responses
@ Yes, a significant gap
@ Yes, a moderate gap
. No, the workforce is adequately skilled
@ Unsure
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What initiatives could help bridge the gap between current workforce skills and the potential of
emerging technologies? (Select all that apply)

3 responses

Industry-led training programs 3 (100%)

Increased collaboration bet.w.een 3 (100%)
technology vendors and trainin...
Government funding for
technology training

On-the-job mentorship and 3 (100%)

upskilling
We need change management
leaders who have the capacity...

The younger generation who

1(33.3%
understand these technologies,... ( 2

All three vendors agree there is a significant workforce-skills gap impeding technology adoption. They
converge on three high-priority remedies: (1) industry-led training programs that deliver hands-on,
construction-specific upskilling; (2) closer collaboration between technology vendors and training
institutions so new curricula track real-world tools; and (3) structured on-the-job mentorship pathways that
embed learning into daily site practice.

Two respondents broaden the brief. One observes that “the younger generation who understand these
technologies, aren’t afraid of them, yet aren’t listened to or taken seriously enough by older co-workers, who are
terrified of rapid change and just want a few more years before retirement, so the status quo prevails.” Another
calls for “government-funded training” and emphasises the need for “change-management leaders who can run
innovative projects and drive that change into business as usual.” A related comment underscores the
leadership gap: “We see successful pilots, although organisations lack the leadership to drive results long term.”

Taken together, these insights frame a multilayered skills agenda — formal education, workplace
mentoring, culture shift and policy support — that vendors believe is essential for unlocking the
transformational potential of emerging technologies across the construction sector.
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Vendor Industry Engagement

Which of the following groups does your company actively engage with? (Select all that apply)
3 responses

Industry bodies 2 (66.7%)
Research institutions 1(33.3%)
Government agencies 2 (66.7%)

Training providers
Standards organisations

None

Vendor engagement patterns with external stakeholder groups show both concentration and notable gaps.
Industry bodies emerge as the primary touchpoint: two of the three respondents maintain active links with
peak associations. Government agencies rank a close second, likewise cited by two vendors, reflecting the
sector’s reliance on public-sector grants, procurement pipelines and policy updates.

Beyond this shared core, engagement diversifies. One vendor extends its network to research institutions
and training providers, signalling a strategic interest in co-developing R&D initiatives and shaping workforce
curricula. Conversely, the remaining vendor reports no formal engagement with any external group,
highlighting a potential missed opportunity to leverage collective influence or secure institutional support.

Further Comments

Additional open-ended feedback reinforces two recurring themes — scale economics and urgency to act.
One vendor notes that VR-based safety training gains traction chiefly inside large companies with sizeable,
high-risk workforces; however, many tier-one builders outsource much of their site activity to
subcontractors and expect those contractors to manage their own certifications. This diffusion of
responsibility makes it harder for technology providers to secure enterprise-wide rollouts, pointing to a
structural barrier that sits outside pure ROI calculations.

The second comment is blunt: those that are not preparing “now” for rapid technology change “will be left
behind and fall by the wayside”. The warning amplifies earlier survey findings that laggard's risk eventual
obsolescence, underscoring the vendor community's view that proactive digital readiness is no longer
optional but critical to long-term viability in Australia’s construction sector.
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Conclusion & Recommendations

Conclusion

The vendor lens confirms that the technology capable of reshaping Australia’s construction industry is
already available and proven in pockets of early-adopting projects. All three surveyed suppliers describe the
coming five-year impact of emerging technologies as “transformational”, yet the pace of adoption remains
uneven and frequently stalled. Cultural resistance, hazy return-on-investment calculations and a
pronounced workforce-skills gap top the list of impediments, compounded by fragmented project
responsibilities that push training and system-integration costs onto subcontractors least able to absorb
them. Vendors are attempting to lower these thresholds through flexible pricing, partnership pilots and
intensive training support, but they caution that the burden cannot be carried by suppliers alone. Without
broader policy, infrastructure and leadership interventions, the sector risks bifurcating into digital leaders
and a long tail of companies that struggle to remain competitive — or disappear altogether.

Recommendations

. Anchor digital investment to executive accountability.
Contractors should tie major technology decisions to board-level KPIs that track safety, productivity
and carbon performance; doing so will transform “nice-to-have” pilots into strategic initiatives with
clear budget lines and timelines. Executive sponsorship will also send a powerful signal down the
supply chain that digital capability is now a core licence to operate rather than an experimental
add-on.

2. Trea brkforce uplift as a joint venture between industry and
education.
Peak bodies, TAFEs and universities should co-develop modular micro-credentials —particularly in
Al, BIM, VR safety training and data analytics — and badge them under a nationally recognised
framework. Embedding vendors in this curriculum design will ensure that students — and mid-
career workers —I earn on the platforms they will encounter on site, shrinking the skills gap
identified by every respondent.

5. Create a matched-funding scheme for first-mover projects.
Government agencies could accelerate adoption by offering grants or tax offsets that match
contractor investment dollar-for-dollar on qualified technology deployments. By sharing early risk,
the public sector would crowd-in private capital, generate local proof points and establish cost-
benefit data that smaller companies can trust.

4 Publish open integration and data-exchange standards.
An industry-led consortium should define and maintain reference APIs, security benchmarks and
compliance checklists for emerging-technology rollouts. Standardisation will lower vendor
integration costs, reduce client anxiety about lock-in and cyber-security, and speed regulatory
approvals — particularly for solutions that straddle multiple legacy systems.

un

Prioritise change-management capability inside project teams.
Owners and main contractors must resource dedicated “digital change leads” who carry projects
from pilot through to business-as-usual operations. These roles should be chartered to mentor site
managers, capture benefits data and refine workflows iteratively, ensuring that early wins are

institutionalised rather than fading once vendor support tapers off.

6. Leverage purchasing power to set a minimum digital baseline for

subcontractors.
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Large builders and infrastructure clients should embed technology-readiness clauses in tender
documentation — covering data capture, training compliance and platform interoperability —
while offering shared access to training licences and equipment pools. This carrot-and-stick
approach will lift the broader ecosystem without imposing prohibitive capital costs on smaller

companies.
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Stakeholder Perspectives on ETs
— Aggregate Interviews Report

NOTE: Throughout this section of the report, we flag supporting evidence — e.g., “(Int-V02)", “(Int-E01)" etc.
— so readers can quickly locate the underlying source for any given statement or data point. Int = Interview.
V =Vendor. B = Business. G = Government and Industry. E = Training Organisation. The numbers after the
letters represent the interviewee in code.

1. Executive Summary

Emerging technologies are poised to transform Australia's construction industry, yet stakeholder interviews
reveal a cautious transition marked by profound fragmentation and systemic challenges. Across technology
vendors, construction businesses, educators, and government/industry bodies, there is consensus that
tools like Building Information Modelling (BIM), drones, sensors, virtual reality, and data analytics can
deliver safer, more efficient and cost-effective construction. Many interviewees agreed that widespread
adoption of these innovations is inevitable for improving productivity and staying competitive. However, the
industry's conservative culture, regulatory paralysis, and practical challenges are slowing progress
significantly.

Common themes include recognition of significant benefits and applications (e.g. improved safety through
VR training delivering "20 to 30 minutes in VR versus 4 to 6 hours in the classroom produce the exact same
outcomes" (Int-V02), streamlined project management, and better collaboration through shared digital
models). At the same time, stakeholders identified persistent barriers: high upfront costs ("I'd either need to
transport it around nine different regions or buy that technology for nine different regions" - Int-E01),
unclear return on investment, low digital literacy in an aging workforce ("we're still flat out trying to get
them to use technology to put their assessments through" - Int-V01), regulatory ossification ("local council
regulations aren't prepared... they can't accommodate 3D printing" - Int-G03), and fear of unproven
technologies. The workforce faces a compound crisis, with Int-GO1 revealing training packages are
"generally 5 years behind" industry needs, whilst Int-B02 predicted "it's going to take a generation" for
meaningful change.

The analysis reveals critical fault lines: a paralysing regulatory environment where "there's a national
construction code that dictates what's allowable... that may not fit within the national construction code"
(Int-G02); profound generational divides ("anyone over 50 or 55 is change management is not going to
happen" - Int-B02); absence of coordinated industry strategy ("there's all this stuff happening out on site
that we don't know about... no coordinated approach to it" - Int-V01); and fundamental misalignment
between technology vendors and end users.

Looking ahead, future trends point to prefabrication as an important gateway technology, with government
committing $50 million to initiatives, whilst Al represents medium-term transformation potential with Int-
GO01 predicting it will "greatly assist the construction process." There is an emerging consensus that
collaboration across industry, academia, and government is required - Int-B02 articulated: "the construction
industry probably needs to get together to develop their own roadmap moving forward."

It was interesting to note that the majority of interviewees identified prefabrication itself as an emerging
technology. However, prefabrication was not referred to or listed among the emerging technologies
because it serves as the nexus where all other emerging construction innovations converge, rather than
being a standalone technology itself. This convergence transforms prefabrication into something more
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powerful than the sum of its parts: a holistic approach that seamlessly weaves together robotics, Al-driven
design, advanced materials, loT integration, and precision manufacturing to fundamentally reimagine the
construction process from conception through completion.

Key recommendations include establishing national demonstration centres, comprehensive regulatory
reform shifting from prescriptive to performance-based standards, mandatory technology integration in
trade certifications, and targeted support for innovation leaders. Without coordinated action across these
domains, Australia risks falling further behind international competitors, with multiple interviewees citing
successful implementations in Japan, Germany, and the United States as evidence of what's possible.

2. Methodology & Validation Approach

This analysis is based on four stakeholder group interview transcripts (Vendors Int-V, Businesses Int-B,
Education Int-E, Government/Industry Int-G). Qualitative research methodology employing systematic
coding of each transcript was conducted to extract themes and recurrent points. We used the combination
of GPTo3 and Claude Opus 4 to analyse the interview transcriptions, conducting thematic analysis and
assisting in the write up of this report.

To ensure validity, findings were only noted if mentioned or reinforced by at least two interviewees from
different sources, with exceptions made for isolated observations clearly demonstrating significant strategic
insights. This cross-comparison approach mitigates individual biases and highlights broadly shared
perspectives. All quotes from interviews have been anonymised as "Int-XX" to protect confidentiality.

Particular attention was paid to identifying contradictions between stakeholder groups and internal
inconsistencies within individual interviews. The analysis maintained strict data fidelity, drawing exclusively
from supplied transcripts without incorporating external knowledge. This rigorous qualitative approach
provides confidence that the reported themes reflect genuine patterns rather than one-off opinions, whilst
acknowledging limitations in geographic representation (Queensland/NSW bias) and potential self-selection
bias among technology-interested participants.

3.0 Findings
3.1 Patterns / Themes

Digital Potential Recognition Broad consensus that construction must embrace digital innovation, having
lagged behind other industries. Stakeholders are optimistic about technology's potential for productivity,
safety and quality improvements.

Conservative Industry Culture Traditional "if it isn't broken, don't fix it" mindset persists. "An industry
culture of an aging, non-savvy workforce" (Int-01) resists new tools. Int-V01 noted: "you go into the
managing partners' office. He has a computer with email open, but he's got a drafting board."

Value Proposition Requirements Technologies need tangible benefits (cost savings, efficiency, risk
reduction) for adoption. Int-B02 highlighted concerns: "they're all making threefold what we make," noting
vendors extract value from construction's thin margins.

The Fragmentation Paradox Technology adoption is fragmented across companies, contractor tiers, and
regions. Int-VO1: "there's all this stuff happening out on site that we don't know about... no coordinated
approach to it." Int-B02 emphasised knowledge loss: "We don't learn from other people. We don't learn
from their mistakes. The investment they have put into embracing technology. We don't learn from them.
So, when the next person starts, they start from scratch again."

Geographic challenges compound this - Int-EO1 described delivering training across "nine regions" requiring
either massive equipment duplication or constant transportation, creating innovation divides between tier-
one firms and disconnected subcontractors.
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Regulatory Inertia The National Construction Code lacks provisions for innovative techniques. Int-G02:
"there's a national construction code that dictates what's allowable and | suspect that there's some areas
that (sic) the national construction that don't (sic) that may not fit within the national construction code."

Local regulations present greater obstacles. Int-G02: "local environment planning that doesn't like it. A lot of
builders don't like it. They think they're going to be cut out of work. There's a lot of resistance to it on
aesthetics." Int-GO3: "local council regulations aren't prepared... they can't accommodate 3D printing; they'd
have to have a total rethink." Int-B01: "l don't think there'd be any local government area in Queensland
where | can say, | think I'll put a 3D house in here, regardless of how good it might be, because regulations
won't allow."

The Knowledge Void Knowledge transfer failures hide innovation. Int-B02: "they got a robot pre-drilling all
the holes for the tracks for the lift wells. It's happening all night, but no one knows that that is happening.”

Formal education lags - Int-GO1: training packages are "generally 5 years behind." Int-E01: "finding suitably
qualified trainers... the technology is still fairly new... very difficult from a practical implementation point of
view."

Cultural Calcification Resistance exists at all levels. Int-VO1 observed workers who "can't operate these
VRs," showing how technological incompetence becomes resistance. Int-E02 noted generational
differences: "digital literacy is improving especially as we get younger people coming through... compared
to say older generations who are doing career change."

The industry recognises its technological shortcomings and potential but navigates cautiously through
fragmentation, regulatory barriers, and cultural resistance. Enthusiasm for modernization is balanced
against practical concerns about cost, skills and proven outcomes.

5.2 Benefits & Applications

Improved Efficiency and Productivity General consensus that technologies drive efficiency and
productivity. Digital tools like BIM streamline workflows through 3D/4D models enabling better
coordination, reducing errors and delays. Drones and remote sensing accelerate site surveys - Int-G01:
tasks previously requiring "four or five days" now complete in "10 minutes" with "millimetre accurate"
results.

Enhanced Safety and Quality Technology enables remote hazardous inspections via drones/sensors.
AR/VR facilitates safety training and design reviews through virtual walkthroughs. Int-EO1: "being able to do
hazard identifications with virtually no risk makes them better prepared.” Int-V02: "fire extinguisher
training, there's no risk in doing it virtually... Also, Manual handling, hazard identification." Digital tracking
and loT sensors prevent defects through automated quality alerts.

Cost Savings and Waste Reduction Despite initial barriers, long-term savings emerge from BIM/digital
twins optimizing materials and preventing rework through early clash detection. Automated data collection
reduces labour hours. Int-V02: "you're charging per hour or whatever it is that you're charging for. Hey, if
this can knock off hours, you're still charging the same. You know where that extra money is going? It's
going down in your bottom line."

Better Collaboration and Decision-Making Shared digital models and cloud platforms create a single
source of truth, fostering transparency and quicker decisions. Int-B03 described systems providing "real-
time production tracking" that can "feed into theirs, overlay it on top of theirs, and show them where
they're really at."

. BENCHMARK' July 2025 185|Page
CONSTRUCTION INDUSTRY TRAINING COUNCIL. pusiness advisor y



DIGITAL BLUEPRINT Emerging Technologies Research Project

Innovative Construction Methods Emerging technologies enable 3D printing, digital-guided
prefabrication, and robotics for repetitive/dangerous tasks. Government data shows prefabrication can
reduce construction time by 50%, with Int-BO1 noting cumulative gains through weather independence and
parallel manufacturing.

Productivity Transformation Through Time Compression Int-vV02: "20 to 30 minutes in VR versus 4 to 6
hours in the classroom produce the exact same outcomes." This efficiency multiplies across technologies,
potentially compressing project timelines from years to months.

Supply Chain Visibility Int-G02: "you can plan ahead, you know when stuff's going to come to the site...
you're not going to be waiting days." This predictability shifts project management from reactive to
proactive.

Mental Health and Wellbeing Benefits Exoskeletons and robotics reduce physical strain, extending
careers. Int-GO3 illustrated transformation potential: "instead of you operating a stop go, you're actually
going to be sitting in a vehicle with screens in front of you and you will be controlling electronics."

Summary: Stakeholders identified multifaceted benefits spanning immediate wins to transformative
changes - saving time/money, improving safety/quality, facilitating teamwork, and enhancing wellbeing.
This creates compelling value if organisations can overcome implementation challenges.

3.5 Barriers & Adoption Challenges

Despite recognising benefits, stakeholders consistently identified barriers that hinder the adoption of
emerging technologies in construction. Key challenges include:

Cost and ROI Uncertainty Financial barriers dominated all groups. "Does the cost-benefit analysis work?"
(Int-02). Firms hesitate on upfront investments without guaranteed returns. Int-EQ1: "I'd either need to
transport it around nine different regions or buy that technology for nine different regions." Int-B02:
"they're all making threefold what we make," noting vendors extract disproportionate value. Int-G01: "as
you start coming down from tier one to tier 2 right through to the mom and dad builder... trying to fork out
80 to 100 grand on some scanners is not necessarily in their budget."

Conservative Mindset and Resistance to Change Industry culture resists new approaches, with "lack of
understanding and knowledge of the benefits and applications of technologies" (Int-03). Int-VO1's
observation about managers maintaining drafting boards despite computers symbolises this resistance.
Int-BO2: "anyone over 50 or 55 is (sic) change management is not going to happen... they're going to want to
carry on doing what they do."

Fear of Unproven Technology (Risk Aversion) Early adoption concerns persist. When "technology is still
nascent... you could end up wasting time until you develop something that works" (Int-04). Firms worry
about reliability and technical glitches disrupting critical project moments.

Training Gaps and Skill Shortages Staff lack digital skills, and training is costly. Int-EQ1: "sitting in a
classroom or sitting in front of a laptop watching online... isn't their jam. They like to do and feel and touch
and actually play around with stuff." Low usage creates a vicious circle reinforcing scepticism.

Fragmentation and Interoperability Issues Multiple parties using incompatible software impede
adoption. If key partners don't adopt tools, benefits diminish. No unified industry push exists.

Time Pressures and Project Delivery Models Tight deadlines discourage experimentation. Fixed-price
contracts don't account for learning curves, providing little innovation incentive.
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Cybersecurity and Data Concerns Digitisation raises security worries. If Al systems malfunction, "it can
have the potential to be very disruptive" (Int-05). Companies want robust security assurances.

Regulatory Paralysis as Systemic Barrier Regulations prohibit innovation. Int-G02: "council meetings
would probably be cut back to an hour... but instead the process goes on for months and months and
months." Building codes specify methods rather than performance outcomes.

Vendor Dysfunction and Market Failures Int-G02: "the least number of responses by far was vendors. We
got three responses out of thousands." Int-B02: "they're built by a concern that has their own interest... not
that of the construction industry." Int-B03 described failures where "the salesman will come down there
and teach you, he doesn't know how to operate the crane because all computerised."

Cultural Identity and Emotional Resistance Int-G03 noted union members "in tears" believing technology
threatened livelihoods. Workers perceive technology as threat rather than tool.

Summary: The industry navigates financial constraints, regulatory paralysis, cultural resistance, and
systemic failures. These combined barriers require strategic effort to overcome.

34 Workforce Themes

Digital Skills Gap Widespread acknowledgment exists of limited proficiency beyond basic CAD, particularly
in advanced BIM, data analysis, or construction analytics. Int-B03: "there's no professional development
where we've got to continually be doing some professional development... There's none of that."

Aging Workforce & Generational Differences Older workers show less comfort with technology,
reflecting an "aging, non-savvy workforce" culture. Younger staff become default technology users, creating
tensions when veteran supervisors resist junior guidance. Int-B02: "it's going to take a generation" for
meaningful change.

Training and Continuous Learning All groups emphasised greater training investment needs. Successful
adopters provide hands-on sessions, hire specialists, or partner with vendors. Int-EQ1: "guys in
construction... do training that they need for an outcome."

Education Curriculum Alignment Industry feels universities "fall short in teaching students the software
currently being integrated." Some institutions now include BIM modelling and simulations. Int-06: "The next
shift probably needs to be more around data analytics and teaching people how to do the analysis of the
data that's getting generated from those new models. I'm not really seeing much of that come through."

Workforce Fears and Morale Automation raises job security concerns. Int-G03: "women that were traffic
controllers... in tears thinking their jobs disappearing." Int-G04 countered: "the jobs that will be lost by
automation and technology will be made up for, multiplied by new technologies."

Talent Attraction and Retention Technology adoption helps recruitment. One business noted BIM/VR
projects drew graduates who "wanted to be part of something modern."

The Three-Tier Workforce Evolution Int-B02 predicted emerging stratification: technology specialists,
hybrid workers combining traditional/digital skills, and heritage craftspeople for niche markets.

Skills Obsolescence Crisis Int-GO1: "the shortage isn't just in Australia... it's worldwide." Without continuing
education requirements, progressive obsolescence is guaranteed.

E BENCHMARK* July 2025 187 |Page

business advisory

CONSTRUCTION INDUSTRY TRAINING COUNGIL



DIGITAL BLUEPRINT Emerging Technologies Research Project

Training System Failures Certificate programs lack technology components despite industry deployment.
Int-EO1: "this industry is very digitally challenged... having them in (sic) they're still doing their assessment
on the laptop... being able to hold their hand throughout that journey."

Summary: Workforce development is both prerequisite and co-benefit of technology adoption. The
compound crisis—from generational divides to systemic education failures—requires urgent action.
Without proper skills, even the best technology fails.

35 Future Trends & Direction

Mainstreaming of BIM and Digital Twins Digital representations will become routine across all project
sizes. Without such models, "handover would be a dog's breakfast" (Int-07). Even smaller firms expected to
adopt basic BIM within a decade. Int-G01 noted BIM's capabilities: "design and supply and estimating and
all of those things into a software package."

Rise of Data Analytics and Al Al-driven dashboards will predict delays/overruns from live data. Machine
learning will optimise scheduling by learning from patterns. Int-GO1: Al will "greatly assist the construction
process" through optimisation exceeding human capacity. Int-G04 warned: "it's already overtaken
compliance and policy."

Integration and "One-Stop" Platforms Current fragmentation is unsustainable. Companies will gravitate
to dominant platforms combining design, management, and procurement. Market forces will drive
consolidation.

Greater Use of Mobile and Field Tech Technology migrates from office to field—tablets, AR glasses,
drones, robotic equipment. Int-G04 described current implementations: sight sensors monitoring crane
stability during earthquakes.

Incremental Adoption vs. Big Bang Views diverge on pace. Some see approaching tipping point as
younger professionals ascend; others foresee gradual adoption over 5-15 years.

Prefabrication as Gateway Technology Government's $50 million commitment signals policy recognition.
Int-BO1 noted successful programs already operate. Int-G02 referenced German "Lego block" type systems
and Japanese post-tsunami housing (where many thousands of displaced people were re-housed within
months).

Collaborative Ecosystem Evolution Int-B02: "the construction industry probably needs to get together to
develop their own roadmap moving forward." Int-GO1 calls for university-industry partnerships. Int-G03:
need for "reoccurring review" of global developments.

Regulatory Revolution Requirements Int-G03: councils need "total rethink." Performance-based
regulations must replace prescriptive methods. Int-G02 mentioned voluntary national certification for off-
site construction as pathway forward. Consider we can certify a prefabrication factory rather than
individually certify the hundreds of houses it may produce.

Workforce Evolution Strategies Int-G03 advocates technology introduction "right back in year 10." Int-
B02's three-tier model suggests differentiated strategies for technology specialists, hybrid workers, and
heritage craftspeople.

Summary: Digital technology will embed throughout construction phases. Prefabrication serves as
gateway, Al transforms decision-making, and collaborative ecosystems replace isolation. While timelines
vary, the direction is uniformly forward, with focus on groundwork (skills, standards, pilots) to enable these
trends.
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5.6 Emerging Consensus Points

"Digital or Disappear"” Mindset Near-unanimous agreement that technology adoption is not optional
long-term. Firms must innovate or risk obsolescence as those embracing technology gain competitive
advantages.

BIM as Foundation All participants view BIM as foundational, unlocking integration with cost/schedule
software, simulations, and facilities management.

Value Must Drive Adoption Clear value demonstration is key. "Shiny new tech" for its own sake doesn't
work—tools must solve real problems with evidence via pilots or case studies showing tangible
improvements.

Importance of Training and Education People are the linchpin. Without proper training, technology
investments fall short. Industry-wide agreement exists on improving formal education and on-the-job
training, with closer industry-education collaboration and continuous professional development.

Collaboration & Shared Responsibility No single group can drive transformation alone. Ecosystem
approach needed with companies sharing successes/failures, vendors tailoring solutions, and government
creating conducive environments through updated standards or incentives.

Government Leadership Imperative Consensus that government must lead through demonstration
projects. Int-G03: governments should "do a model project." Views diverge on extent—industry wants
frameworks, educators seek funding, builders desire targeted support without bureaucracy.

Education System Integration Urgency Technology education must begin before workforce entry. Int-G03
specified "year 10" as critical. Int-E02 noted young people's gaming experience suggests leveraging existing
digital competencies.

Safety as Primary Driver Every stakeholder group independently identified safety benefits before
productivity gains. VR training and drone inspections received universal endorsement. Safety
improvements create virtuous cycles—reduced insurance, retained experienced workers, workplace
attractiveness.

Mandated Training Acceleration Int-EO1: "guys in construction... do training that they need for an
outcome," acknowledging voluntary approaches fail. Multiple stakeholders suggested continuous
professional development (CPD) requirements.

Knowledge Sharing Imperative Strong consensus favours collaboration. Int-B02's concerns about
knowledge silos resonated across groups. Support exists for sharing platforms and joint initiatives, though
IP issues and competitive concerns create barriers.

Summary: These consensus points indicate fundamental alignment. Collective acknowledgment of change
inevitability and collaboration needs sets the stage for coordinated action.

3.7 Limitations & Biases

Sample Bias Willingness to participate in the research indicates interviewees likely more tech-friendly than
industry average, potentially painting an optimistic picture where broader resistance may be stronger.

Stakeholder Perspective Bias Each group influenced by professional interests: vendors biased toward
optimism (selling solutions), businesses emphasise caution/costs, educators advocate long-term skills
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(potentially downplaying commercial constraints), government highlights macro-issues aligning with policy
goals. Cross-comparison mitigated but didn't eliminate these biases.

Confirmation Bias in Discussion Participants may provide "expected" answers to appear progressive.
Popular topics like Al might be mentioned without deep experience. Multiple-source validation helps filter
performative statements.

Geographical/Contextual Limitations Australia-focused findings may not generalise internationally.
Sample concentrated in Queensland/NSW, potentially overlooking WA's resource construction, SA's
manufacturing focus, or Tasmania's smaller markets. Regional/remote perspectives underrepresented.
Subsector coverage may be uneven (large commercial contractors potentially overrepresented vs. small
subcontractors/residential builders).

Temporal Factors Technology evolves rapidly—findings represent a snapshot. COVID-19 effects may
distort perspectives through temporary rather than permanent shifts.

Analyst Interpretation Single-analyst coding introduces subjectivity despite systematic methodology.
Nuances potentially lost when condensing transcripts.

Additional Limitations

Demographic Constraints Middle-aged male voices dominate. Female perspectives minimal. Young
workers represented only through others' observations. Indigenous perspectives entirely absent despite
significant construction participation.

Stakeholder Representation Gaps Technology manufacturers' direct input minimal. Financial sector
(banks, insurers, investors) unrepresented despite crucial role. Client perspectives, particularly government,
absent.

Self-Selection and Response Biases Technology-interested individuals likely overrepresented. Int-G02:
vendors provided "the least number of responses by far... three responses out of thousands."

Hidden Innovation Phenomenon Int-B02's discovery suggests significant unreported innovation within
companies: "they got a robot pre-drilling all the holes for the tracks for the lift wells. It's happening all night,
but no one knows that that is happening." Hidden adoption potentially changes readiness assessments.

Summary: These limitations remind us findings indicate common viewpoints but aren't absolute truths.
Recommendations account for these biases to remain robust across conditions and perspectives.

38 Contradictions

Technology's Impact on Quality of Work Split views on whether technology enhances or diminishes
quality. Champions see tech augmenting capabilities, while Int-07 warned: "shortcuts [are] taken, which
means that technology is dumbing down the design," arguing over-reliance leads to lost fundamental skills.
Others counter this reflects management issues, not inherent technology problems.

Regulatory Environment - Hindrance or Not? Larger firms cite regulatory hurdles (building codes not
keeping pace, procurement rules discouraging innovation). Executive noted regulations "lock in" traditional
practices. Smaller companies downplay regulation, seeing cost/culture as bigger obstacles. Some note
regulations actually encourage modern methods (safety). Impact appears context dependent.

Perception of Workforce Readiness Mixed opinions on graduates/younger workers. Some complain
graduates lack practical digital skills, needing substantial training. Others praise younger professionals as
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"quick learners" with digital nativity. Both views contain truth—curriculum gaps exist but digital comfort
provides advantages.

Client Demand and Market Pull Opposing views on client influence. Some say clients want cheap
completion without interest in digital innovation. Others note progressive clients (government agencies,
large developers) mandate BIM deliverables and tech-driven outcomes. Experience varies by market
segment.

Optimism vs. Caution in Timeline Range from optimistic (accelerating adoption curve) to cautious (status
quo inertia). Difference in mindset rather than facts—tech champions expect faster movement, sceptics
counsel patience.

The Training Paradox Int-EO1: "we still deliver certainly all our long courses still mainly face to face just
because you still get the highest completion rates." This contradicts Int-V02's VR solutions delivering "exact
same outcomes" in less time. Educators resist digital solutions while lamenting workers "don't want to
spend the time."

The Funding Philosophy Divide Int-GO2 described government approach: "throw money out there... tell us
what works... we'll fund them." This scattergun strategy contrasts with Int-B02's call to support "superstars,"
concentrating resources where success is most likely.

Technology Readiness Assessments Vendors claim immediate readiness (Int-V02 asserting transformative
benefits now). Builders project 5-10 year horizons for identical technologies. Neither acknowledges the
other's validity.

Responsibility Attribution Wars Int-B03: "unless the behaviour... changes, nothing will change," blaming
government. Government argues "it's not their job," placing responsibility on private enterprise. Circular
blame prevents ownership.

Return on Investment Perspectives Vendors cite dramatic gains (Int-V02: 6x training improvements).
Builders view same technologies as margin-destroying investments. Contradictory assessments prevent
consensus.

Summary: While broad alignment exists on high-level issues, details and perceptions differ markedly by
experience and role. Recognising these differences is crucial for inclusive strategies addressing sceptics
while empowering believers.

3.9 Additional Meaningful Insights

Need for Champions and Change Management Internal champions drive successful initiatives. One
business stakeholder reported digital transformation gained traction only after senior executive ownership.
Companies with dedicated teams and clear vision report more success—human leadership is critical.

Incremental Wins Over Grand Plans Failed rollouts often attempted too much at once. Success comes
from starting small... drones for weekly photos or piloting software on one project. This stepwise approach
builds confidence and buy-in while managing risk.

Role of Industry Bodies and Networking Conferences, expos, and professional networks enable peer
learning, reducing perceived risk ("if others have done it, so can we"). Government/industry representatives
compile case studies for circulation. Knowledge exchange helps spread innovation and standardise
practices.
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Sustainability as Emerging Driver Digital tools optimise material usage and building efficiency.
Automated monitoring ensures environmental compliance. Technology and sustainability align—smart
systems track and reduce carbon footprints, potentially winning additional support.

Economic and Market Pressures Boom times see companies too busy for implementation. Slower
markets offer innovation incentive but tight capital. This catch-22 suggests aligning implementation with
strategic planning and utilising quieter periods for upgrades.

International Implementation Roadmaps Japanese tsunami response via prefabrication housing
thousands within months. German "Lego block" systems prove aesthetic concerns reflect design
limitations. Int-GO2 noted European prefab indistinguishable from traditional construction. Australia
constrains itself through cultural assumptions.

Hidden Innovation Phenomenon Int-B0O2 discovered robotic pre-drilling operating secretly overnight in
another branch of his own company. Companies implement without announcement, fearing competitive
disadvantage or regulatory scrutiny. Secrecy prevents learning dissemination, forcing expensive
duplication.

Supply Chain Transformation Potential Prefabrication enables just-in-time delivery to controlled
environments. Digital ordering linked to BIM eliminates estimation errors. Int-G02: "you can plan ahead,
you know when stuff's going to come to the site... you're not going to be waiting days."

Certification System Obsolescence New technologies fall outside qualification frameworks. Int-G02:
"there's nothing in the plumbing training package that deals with hydrogen." This gap creates workforce
preparation impossibilities.

Mental Health and Wellbeing Benefits Technology reduces physical strain, extends careers. Int-G03
reframed traffic control from roadside standing to monitoring screens. Technology eliminates
construction's most unpleasant aspects—weather exposure, repetitive strain, dangerous heights.

Aesthetic Prejudice and Market Education Int-G02: "there's a lot of resistance to it on aesthetics...
neighbours don't like it, and councils don't like it." These concerns, based on outdated stereotypes, prevent
consideration of modern capabilities. International examples demonstrate aesthetic excellence achievable.

Summary: These insights emphasise adoption involves leadership, strategy, timing, international learning,
hidden capabilities, and alignment with industry objectives—informing the multi-faceted approach needed
for recommendations.

4. Cross-Group Comparison Table

To highlight differences and similarities, the table below compares the perspectives of the four stakeholder
groups (as drawn from the interviews). Each column summarises that group's general stance on key
aspects of technology adoption in construction:

Vendors (Tech Construction Educators Government/Industry

Providers) Businesses (Academic/Training) Bodies

Very pro- Cautiously Future-focused, supportive. Strategically supportive
innovation; optimistic. Sometimes idealistic about for productivity/safety
oOverall Attitude |mpat!ent fgr faster "Prove it first adoption speed. gains. Mlndful of
adoption. View approach. constraints.
tech as
transformative.
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Key Benefits
Emphasised

Main Barriers
Noted

Workforce &
Skills

Future Outlook

Priority
Technology

Implementation
Strategy

Collaboration
Needs

Innovation
Drivers

Efficiency/ROl: "20
to 30 minutes in VR
versus 4 to 6 hours
in the classroom"
(Int-vV02)

Client
conservatism.
Cultural resistance:
"can't operate
these VRs" (Int-V01)

Need user training.
Advocate digital
skills.

Rapid innovation
predicted. Industry
unrecognisable in
decade.

VR training, Al
design, cloud
platforms.

Direct market,
rapid deployment.

Partner with
trainers, industry.

Market demand,
competitive
advantage.

Better
coordination,
fewer reworks.
Real-time
tracking: "show
them where
they're really at"
(Int-BO3)
Cost/risk.
Margins: "they're
all making
threefold what
we make" (Int-
B02). Knowledge
silos: "We don't
learn from other
people" (Int-B02)
Upskilling staff.
Aging workforce:
"it's going to take
a generation"
(Int-B0O2)
Gradual
evolution. Three-
tier workforce
emerging (Int-
B02)

Prefab
immediate,
productivity
tracking, BIM.
Hidden: "robot
pre-drilling all
the holes" (Int-
B02)

Wait for RO,
follow leaders.
Need industry
roadmap (Int-
B02)

Knowledge
sharing,
government
leadership.

Margin
improvement,
labour
shortages.

Enhanced learning: "virtually
no risk makes them better
prepared" (Int-E01)

Curriculum disconnect. Scale:
"transport it around nine
different regions" (Int-E01)

Modernising education.
Training lag: "generally 5 years
behind" (Int-G01)

Generational change.
Technology in "year 10" (Int-
G03)

VR safety training, simulators,
incremental adoption.

Gradual integration, trainer
development.

Work with

vendors/industry/government.

Safety requirements, student
expectations.

Emerging Technologies Research Project

Sector-wide benefits:
"millimetre accurate"
surveyingin "10
minutes" vs "four or
five days" (Int-GO1)

Fragmentation, policy
gaps. Regulatory
paralysis: "can't
accommodate 3D
printing" (Int-G03)

Skills shortage.
Emotional impact: "in
tears thinking their
jobs disappearing" (Int-
GO03)

Policy-driven. Al will
"greatly assist" (Int-
GO01)

BIM expanding, prefab
urgent ($50M
commitment). Japan
housed post-tsunami
(Int-G02)

Government demos:
"do a model project"
(Int-G03)

Cross-stakeholder
partnerships.
"Reoccurring review" of
global developments
(Int-G03)

Housing crisis,
productivity
imperatives.

(Note: "Government/Industry Bodies" includes public sector agencies and industry associations that influence

policy or sector-wide initiatives.)

5. Recommendations
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Considering the above findings, the following recommendations are proposed to accelerate the effective
integration of emerging technologies in Australia's construction sector. Each recommendation is numbered
for clarity:

I 1. Establish National Construction Technology Demonstration Centres

Create a network of permanent, government-funded facilities in each state capital where all construction
industry stakeholders can experience, test, and evaluate emerging technologies before making investment
decisions.

Key Features:

e Full-scale demonstrations of prefabrication, 3D printing, robotic systems, and VR training
environments

e Rotating vendor exhibitions allowing hands-on equipment trials

e Independent performance testing and ROI validation services

e Training programs for both operators and trainers

e Regular industry showcases and knowledge-sharing events

e Pilot project implementation in controlled settings with documented case studies

Implementation: Initial federal investment of $50 million across five locations, with ongoing operational
funding through industry partnerships and user fees. Governance structures must ensure vendor neutrality
whilst enabling commercial participation. This directly addresses Int-G03's call for governments to "do a
model project" and Int-B02's lament about knowledge silos.

I . Comprehensive Building Code and Regulatory Reform

Initiate immediate review and reform of the National Construction Code and all state/territory regulations
to shift from prescriptive methods to performance-based outcomes, enabling innovation whilst maintaining
safety and quality standards.

Specific Actions:

e  Establish fast-track approval pathways for proven international technologies

e Create regulatory sandboxes allowing controlled innovation trials

e Develop specific codes for prefabrication, 3D printing, and modular construction
e Mandate local council adoption of reformed codes within 24 months

e Institute regular 3-year review cycles ensuring regulatory currency

e Remove barriers that "lock in" traditional practices

Implementation: Federal leadership through COAG processes with dedicated funding for state/territory
and local implementation support. This addresses Int-G03's observation that councils need "total rethink"
and Int-B0O1's frustration with regulatory barriers.

BN 3. Transform Education and Training Systems

A. Mandatory Technology Integration in Trade Certifications Reform all Certificate Ill construction trade
qualifications to include mandatory technology competency units:

e  Minimum 20% of training hours dedicated to technology applications
e BIM basics for all trades

e VR safety training modules

e Digital documentation and communication tools
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e Technology-specific modules aligned to trade specialisations
B. Modernise University and TAFE Curricula

e Include practical experience with BIM, sensor data analysis, Al applications

e Establish collaborative programs where students work on real industry projects

e Focus on data analytics capabilities ("teaching people how to do the analysis of the data")
e Create industry mentorship programs with professionals as guest lecturers

C. Construction Technology High School Program Partner with state education departments to introduce
Years 9-10 construction technology subjects:

e Gaming-based introduction to construction technologies
e VR experiences of construction careers

e Basic coding and automation principles

e Sustainable construction methods

e Industry mentorship programs

Implementation: Immediate Skills Council action with 18-month transition for RTOs. Federal-state/territory
education agreements for high school programs. This addresses Int-G01's concern about training being "5
years behind" and Int-G03's advocacy for technology introduction "right back in year 10."

I 4. Develop Comprehensive Workforce Training Initiatives

Establish industry-wide training programs to upskill the current workforce in digital competencies.
Components:

e Short courses on BIM management and drone operation certifications
e  Workshops on data analytics for construction

e Cybersecurity training alongside technical skills

e Change management support for technology rollouts

e |dentification of tech-savvy "super-users" as peer supporters

Funding: Government and industry association funding/subsidies, especially for SMEs. This elevates the
overall skill base and reduces technology fear among employees.

BN 5. create National Construction Knowledge Platform

Develop mandatory reporting system for all government-funded construction projects to document
technology implementations, creating searchable repository of Australian experiences.

Platform Features:

e Standardised reporting templates capturing technology type, costs, benefits, and challenges
e Searchable database with filters by technology, project type, and location

e (ase study development showing measurable benefits (e.g., "15% schedule reduction")

e  Failure analysis reports for learning from mistakes

e Integration with demonstration centres for physical showcase opportunities

e Best practice documentation and knowledge sharing forums

Implementation: $10 million investment with mandatory compliance for projects exceeding $5 million.
This directly addresses Int-B02's concern: "We don't learn from other people."
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_ ©. Strategic Innovation Investment Program

Replace scattered grant programs with targeted support for 3-5 "superstar" companies per state/territory
demonstrating innovation leadership.

Selection Criteria:

e Track record of successful innovation
e Commitment to knowledge sharing

e Capacity for scaled implementation

e  Workforce development plans

e Partnership with education providers

Structure: 3-year funding commitments enabling strategic planning, with contractual obligations for public
reporting and industry mentorship. This implements Int-B02's recommendation for supporting innovation
leaders.

B 7. Transform Procurement and Client Demand

A. Government Leadership

e Require BIM deliverables for complex public projects

e Mandate minimum 20% prefabrication content in government procurement
e  Offer bid scoring advantages for innovative methods

e Fund pilot deployments (digital twins, robotics in infrastructure)

B. Private Sector Engagement

e Encourage private developers to request digital progress reporting
e Promote sustainable construction practices enabled by technology
e Create market pull for tech-enabled services

BN 3. Establish Construction Industry Technology Advisory Board

Create permanent ministerial advisory body with rotating membership ensuring all stakeholder
perspectives.

Responsibilities:

e  Five-yearly reviews of global technology developments
e Annual recommendations on adoption priorities

e Policy advice on regulatory reforms

e Oversight of demonstration centres

e Industry-education liaison

e Development of national technology roadmap

Structure: Legislative establishment ensuring continuity beyond political cycles, with secretariat support
and research funding. This implements Int-GO3's call for "reoccurring review" of global developments.

B . Implement Cultural Change and Innovation Programs

A. Foster Innovation Culture Within Firms
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e C(Create internal "innovation teams" or champion roles

e Recognise and reward process improvement experiments
e Avoid penalising well-intentioned failures during trials

e Communicate digital transformation as strategic priority
e Normalise continuous improvement in corporate ethos

B. Change Management Strategies

e Treat technology adoption as change projects, not just IT installations
e C(Clearly communicate purpose and benefits to all staff

e Provide ample training and ongoing support

e Solicit feedback during implementation

e Setrealistic adoption timelines with gradual integration

I 10. Develop Industry Standards and Governance Frameworks

A. Cybersecurity and Data Governance

e Develop guidelines via Standards Australia for data security in construction tech

e Cover secure storage of BIM models and privacy of drone surveys
e Protect against hacking of site loT devices
e Ensure vendor solutions meet robust security standards

B. Hybrid Training Delivery Framework Develop national framework combining digital efficiency with

hands-on learning:

e  Specify minimum hands-on requirements by trade

e Define approved digital delivery methods

e Establish assessment standards ensuring competency
e Set trainer qualification requirements

e C(Create quality assurance mechanisms

This addresses the training paradox where educators advocate face-to-face delivery (Int-EO1: "we still
deliver certainly all our long courses still mainly face to face just because you still get the highest
completion rates") while vendors promote digital efficiency (Int-V02: "20 to 30 minutes in VR versus 4 to 6

hours in the classroom produce the exact same outcomes").
I 11. Mandatory Continuing Professional Development

Introduce annual CPD requirements for all construction industry licenses:

e 20 hours minimum with 5 hours technology-focused

e Points system recognising various learning modes

e Grandfather provisions for workers nearing retirement
e Employer support obligations

e Directlink to license renewal

Implementation: State/Territory-level legislative changes with 2-year transition period. This addresses Int-
B03's complaint: "there's no professional development where we've got to continually be doing some

professional development... There's none of that."

B 12. Prefabrication Acceleration Initiative
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Launch dedicated program positioning prefabrication as gateway technology:

e Streamlined approval processes for prefab construction

e Import duty exemptions for prefab technologies

e Training programs for prefab design and assembly

e Public education campaign addressing aesthetic concerns
e Partnerships with international prefab leaders

Implementation: Whole-of-government commitment leveraging $50 million commitment and
international examples like Japan housing post-tsunami (Int-G02).

I 13. Enhance Collaboration and Knowledge Sharing

A. Industry Collaboration Forums

e  Form cross-industry working groups on technology adoption

e Regular roundtables, hackathons, and conferences

e Standardise best practices for data exchange and safety guidelines
e Pool resources for open standards development

B. International Learning Programs

e Systematic review of global developments
o Knowledge transfer from successful implementations in Japan, Germany, US
e Regular international benchmarking exercises

I 14. Monitor Progress and Maintain Agility

Establish comprehensive monitoring framework:

e Define key metrics (BIM usage percentage, workers trained, safety improvements)
e Regular progress measurement and reporting

e Strategy adjustment based on outcomes

e Continuous improvement approach

e Feedback loops for ongoing refinement

Governance: Industry-government partnership ensuring accountability and responsiveness to changing
conditions.

These recommendations provide a comprehensive framework for accelerating technology adoption in
Australian construction, addressing barriers while building on stakeholder consensus and international best
practices.

6. Conclusion

The Australian construction industry stands at a critical juncture. Whilst emerging technologies offer
transformative potential for safety, productivity, and quality improvements, the analysis reveals an industry
struggling with profound fragmentation, regulatory paralysis, and cultural resistance. The gap between
technological possibility and practical implementation continues to widen, threatening Australia's
international competitiveness. The research uncovered five critical fault lines requiring urgent attention:

1. Regulatory inertia preventing innovative construction methods
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2. Profound generational divides in workforce capabilities and attitudes

3. Absence of coordinated industry strategy resulting in knowledge silos

4. Inadequate knowledge transfer mechanisms hiding successful innovations
5. Fundamental misalignment between technology vendors and end users

However, emerging consensus points offer hope. Stakeholders unanimously agree that government must
lead through demonstration projects, technology education must begin before workforce entry, safety
improvements justify adoption investments, and collaboration must replace competition. The workforce
transformation, whilst challenging, is seen as both inevitable and essential. International examples
demonstrate what's possible. Japan's rapid post-disaster prefabrication deployment, Germany's
aesthetically indistinguishable modular systems, and successful implementations across the United States
provide roadmaps for Australian adaptation. The hidden innovation already occurring within Australian
construction - from robotic pre-drilling systems to advanced BIM implementations - suggests greater
readiness than commonly perceived.

Success requires coordinated action across multiple domains. The ten recommendations presented
address immediate barriers whilst building foundations for sustained transformation. From demonstration
centres providing hands-on experience to regulatory reform enabling innovation, from workforce education
beginning in high school to mandatory professional development ensuring currency, each recommendation
targets specific implementation barriers identified through stakeholder analysis. The three-tier workforce
model emerging - technology specialists, hybrid workers, and heritage craftspeople - suggests
transformation need not mean wholesale disruption. Rather, technology can enhance human capability
whilst preserving valuable traditional skills. Mental health and wellbeing benefits from reduced physical
strain and safer working conditions create additional justification for change.

Ultimately, the question is not whether Australian construction will adopt emerging technologies, but how
quickly and effectively. The choice is between proactive transformation leveraging international lessons and
reactive adaptation forced by competitive pressures. Given the Housing crisis, productivity imperatives, and
international competition cited by government stakeholders, delay carries significant economic and social
costs.

The fragmentation paradox - where solutions exist but remain hidden in organisational silos - represents
both the industry's greatest challenge and most immediate opportunity. Breaking down these barriers
through the recommended knowledge platform and demonstration centres could catalyse rapid progress.
Similarly, shifting from prescriptive to performance-based regulations could unleash suppressed
innovation.

Time is critical. With training packages "generally 5 years behind" (Int-G01) and the prediction that "it's
going to take a generation" (Int-B02) for meaningful change, every year of delay compounds the challenge.
Yet the same stakeholders expressing frustration also demonstrated remarkable consensus on solutions.
This alignment, properly harnessed through the recommended initiatives, could accelerate transformation
beyond current pessimistic projections. The construction industry's conservative culture, whilst a barrier,
also represents strength - commitment to quality, safety, and reliability. Technology adoption need not
compromise these values but can enhance them. VR training makes workers safer. BIM reduces errors.
Prefabrication improves quality through controlled environments. Properly positioned, technology
becomes ally rather than threat to traditional construction values.

Australia's construction sector possesses the expertise, resources, and increasingly the will to embrace
technological transformation. What's needed now is coordinated leadership, supportive policy frameworks,
and systematic implementation of proven solutions. The recommendations provided offer a practical
roadmap. The stakeholder consensus revealed offers political and social license. The international
examples demonstrate feasibility. The hidden innovations prove capability.
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N T

The future of Australian construction will be shaped by decisions made today. Choose proactive
transformation, and the industry can lead internationally in safe, efficient, sustainable building
practices. Choose continued fragmentation and resistance and risk relegation to technological

backwater. The interviews reveal an industry ready for change but requiring leadership and support
to achieve it. The time for that leadership is now.
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Vendor Interview Analysis
Report

Executive Summary

This report analyses interviews with two construction technology vendors who provide visualisation and
virtual reality solutions in the Australian construction and building industry. The analysis reveals significant
opportunities for technology adoption, particularly in VR/XR training and visualisation, while identifying
several barriers including change management challenges, hardware limitations, and lack of formal
recognition of VR training in industry certifications.

Question-by-Question Analysis and Recommendations

N _
kdd Market Insights

1. Evolution of the Australian construction technology market (2-3 years)
Key Findings:

e VR adoption has grown significantly in Australia, with organisations typically starting with pilot
programs before expanding across multiple locations

e Visualisation technology has seen "huge changes" with greater adoption of software packages that
help people visualise construction from a 4D perspective

e Australia is proud to be on the map with one of the "biggest and most advanced VR training
platforms on the planet”

e Construction companies have been slow to adopt new technologies overall, tending to "go with
what they know" rather than exploring innovations

Recommendations:

e Create case studies showcasing successful pilot-to-enterprise VR implementations to encourage
adoption

e Develop industry benchmarks and adoption metrics specifically for the Australian construction
sector

e Establish innovation hubs or centres of excellence focused on construction visualisation and VR

2. Unexpected barriers to technology adoption
Key Findings:

e Change management is a significant barrier, especially in larger organisations where multiple
stakeholders must approve new technologies

e Budget constraints from project owners who may not want to pay for advanced visualisation: "You
better just draw it out for me quickly because I'm not paying that extra money"

e Resistance from older trainers who are "behind the curve" on technology adoption

e Contractual structures in construction where work is often outsourced to contractors, creating
challenges for implementing consistent training technologies
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Recommendations:

e Develop change management frameworks specifically for construction technology adoption

e Create educational materials for owners/clients demonstrating ROI of visualisation technologies
e Implement train-the-trainer programs focused on older demographic trainers

e Explore centralised training hub models where contractors can access VR training equipment

3. Differences in technology adoption between company types
Key Findings:

e Smaller companies are nimbler in adopting technology: "They can make decisions a lot quicker"
without needing "sign off from 15 different floors"

e Larger enterprises experience slower adoption due to bureaucratic processes and multiple
approval layers

e The contracting model in construction creates barriers as contractors don't necessarily fall under
the organisation's training requirements

e VRtechnology is better suited for organisations with large employee headcounts in high-risk
industries

Recommendations:

e Develop tailored adoption strategies for different company sizes

e C(Create enterprise-specific change management processes for large construction firms
e Establish industry-wide standards that include contractors in technology adoption

e Focus VR training solutions initially on high-risk, safety-critical areas with clear ROI

L;I. lechnology-Specific Insights
4. Integration challenges with existing systems
Key Findings:

e Requests for integration with learning management systems are common

e APl solutions are being built by vendors to connect data in their systems with their clients’ other
systems

e VRtechnology generates rich behavioural and performance data that can identify learning gaps

e Limited compatibility between existing construction systems and newer visualisation technologies

Recommendations:
e Promote open APl standards across construction technology platforms
e Develop industry-specific integration frameworks for key construction technologies
e Support the creation of data exchange standards between visualisation, VR, and existing

construction systems
e Fund research into construction-specific data standards and interoperability

5. Successful implementation examples

Key Findings:
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Success often starts with visualisation specialist companies demonstrating value to SMEs or large
companies

Finding technology champions within organisations who have interest in both construction and
technology

Consulting approach where vendor thoroughly understands client workflows and bottlenecks
before recommending solutions

Early adoption through hands-on experience and demonstrations

Recommendations:

Create a network of technology champions across construction companies

Develop "innovation ambassador" programs within larger construction firms

Establish mentorship programs pairing visualisation specialists with construction companies
Support industry showcases where successful implementations can be demonstrated

6. Common implementation pitfalls

Key Findings:

Legacy mindsets, especially among older management: "You go into the managing partners'
office... he's got a computer with email open, but he's got a drafting board"

Hardware limitations and procurement challenges

Difficulty demonstrating tangible ROI to decision-makers

Resistance from employees who fear being replaced by technology

Failure to understand organisation's specific problems before implementing solutions

Recommendations:

Develop executive education programs targeting senior construction leaders

Create staged implementation approaches that gradually introduce technology
Establish industry-wide ROl metrics and case studies for technology adoption
Promote technology as an enhancement to human workers rather than replacement

Business and Strategy

7. Measuring ROI for technology investments

Key Findings:

VR training shows significant time efficiency: "20 to 30 minutes in VR versus 4-6 hours in the
classroom produce the exact same outcomes"

Cost savings from reduced training time, productivity gains, and overcoming physical limitations
Consulting approaches that identify specific process bottlenecks and provide tailored solutions
Process-driven approach to implementation that matches construction industry thinking

Recommendations:

Develop standardised ROI calculation tools for construction technology investments
Create industry benchmarks for productivity gains from various technologies
Support case study development showing real-world financial benefits

Fund research comparing traditional vs. technology-enhanced construction methods
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8. Effective approaches for customer education
Key Findings:

e Demonstration and hands-on experience are crucial: "describing VR is like pointing to a postcard of
Disneyland"

e Initial education videos followed by pilot programs with actual hardware

e Structured onboarding processes and automated tutorials

e Hands-on demonstrations with loaned equipment for 2-week trials

e Gamification to introduce users to technology in a non-threatening way

Recommendations:

e (Create a national technology demonstration program with mobile units
e Support technology "libraries" where companies can borrow equipment
e Develop industry-standard onboarding curricula for new technologies

e Promote gamification approaches for initial technology introduction

9. Competitive environment in Australia vs. other markets
Key Findings:
e Competition in Australia is described as "really friendly" compared to more aggressive markets like
the US
e Market relationships tend to be collaborative: "You don't steal my stuff; | don't steal yours... There's
enough to go around"
e Bureaucracy in Australia has stymied progress in VR compared to America and Europe

e Lack of government regulation in the visualisation space, unlike more regulated areas

Recommendations:
e Leverage the collaborative environment to create industry-wide technology initiatives
e Reduce bureaucratic barriers to technology adoption through policy reform

e Promote collaborative rather than competitive approaches to technology implementation
e Maintain the positive aspects of the Australian market while addressing bureaucratic challenges

'Ol Future Outlook and Policy
10. Greatest opportunities for technology in construction (next 3-5 years)
Key Findings:

e VR/XR presents major opportunities, particularly for design reviews and training

e Significant potential for training apprentices in safety procedures before they arrive on site
e Digital twinning and immersive environments for project planning and visualisation

e Convergence of Al with VR to create interactive training experiences with virtual trainers

e Data analytics from VR training to identify knowledge gaps across organisations

Recommendations:

e Prioritise development of VR/XR applications for design reviews and safety training
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e Support digital twin initiatives for major construction projects
e  Fund research into Al-VR integration for construction training applications
e  Develop data analytics frameworks specific to construction training insights

11. Government policies to accelerate technology adoption
Key Findings:

e Formal recognition of VR training in industry certifications is needed

e Alignment of VR learning outcomes with Australian recognised units of competency

e Recognition of VR as part of a three-part training framework: "theory, practical, immersive
learning"

e Acceptance of VR for refresher training by regulatory bodies

Recommendations:

e Work with regulators to formally recognise VR training for construction certifications

e Update training standards to include immersive learning alongside theory and practical

e Create clear pathways for technology vendors to align with existing competency frameworks
e Develop specific guidelines for VR refresher training in construction

& Collaboration and Additional Insights
12. Valuable collaborations with stakeholders
Key Findings:
e Industry bodies and training organisations are key for gaining endorsements
e Research studies validating learning outcomes of VR training
e Peak bodies who understand technology's benefits for safety and efficiency

e Need for recognised bodies to support and recommend VR as a suitable training methodology

Recommendations:

e Establish formal partnerships between technology vendors and industry training bodies
e Fund academic research validating technology effectiveness in construction

e C(Create industry-wide technology endorsement programs

e Develop construction technology advisory panels with diverse stakeholders

Additional insights on construction technology landscape:
Key Findings:
e Construction is fundamentally a "people business" with responsibility for safety and engagement
e  Opportunity to fast-track apprentices through VR experiences before they commit to a trade
e Exciting potential in merging Al with VR for interactive learning experiences
e VR marketplace concept to expand available training content

e Al-powered analysis of training data to identify organisational knowledge gaps

Recommendations:
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e Promote people-centred technology adoption focusing on safety and engagement
e Develop pre-apprenticeship VR experiences to improve career matching

e Support Al-VR integration research specific to construction applications

e Create open platforms for sharing construction-specific VR content

e Establish data analytics frameworks for industry-wide learning insights

Overall Strategic Recommendations

Based on the comprehensive analysis of vendor interviews, the following strategic recommendations are
proposed to accelerate construction technology adoption in Australia:

1. Establish a National Construction Technology Certification Framework that formally recognises
VR and other emerging technologies in training and certification processes.

2. Create a Construction Technology Demonstration Program with mobile units that can visit
construction sites and offices to provide hands-on experience with new technologies.

3. Develop Industry-Specific Change Management Guidelines addressing the unique challenges of
technology adoption in construction environments.

4. Fund Research Validating ROI of construction technologies through independent studies
comparing traditional approaches with technology-enhanced methods.

5. Create Centralised Training Hubs where contractors and smaller companies can access
advanced technologies without significant capital investment.

6. Establish Data Integration Standards specific to construction technologies to ensure
interoperability between systems.

7. Implement "Technology Champion" Programs within larger construction firms to drive internal
adoption and knowledge sharing.

8. Develop Pre-Apprenticeship VR Experiences to improve career matching and reduce training
wastage.

9. Support Al-VR Integration Research to create next-generation interactive training experiences.

10. Promote Australia as a Construction Technology Hub by highlighting innovative local
companies and implementations.

These recommendations address the key barriers identified while capitalising on the unique opportunities
present in the Australian construction sector. Implementation should involve collaboration between
government agencies, industry bodies, technology vendors, and construction companies to ensure
widespread adoption and maximum benefit.
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Training Organisation Interview
Analysis Report

Executive Summary

This analysis covers interviews with representatives from three training organisations. The interviews reveal
significant challenges in construction technology training, including low demand for innovative courses,
funding constraints, difficulty sourcing qualified trainers, and limited industry engagement. Despite these
challenges, there are promising developments in VR training, Building Information Modelling (BIM), and
geospatial technologies. The findings suggest an urgent need for greater industry-training collaboration,
updated training packages, earlier engagement with potential students, and policy changes to support
technology adoption in the construction sector.

Question-by-Question Analysis and Recommendations

lraining Landscape Insights
1. Evolution of construction technology training demand (2-3 years)
Key Findings:

e There has been "very little" evolution at the baseline Certificate Il and apprenticeship levels

e VR has been increasingly adopted for safety training, particularly hazard identification

o Digital literacy is improving among younger students but remains challenging for older generations

e Master Builders reported "no great demand" for technology training despite developing courses in
modern construction methods

o Higher-level qualifications (Diploma, Advanced Diploma) show more evolution, particularly in
building design and BIM

e Australia's global ranking in construction technology adoption has improved from 21st to 16th
place recently

Recommendations:

e Focus innovation efforts on Certificate Ill and apprenticeship levels where minimal evolution has
occurred

o Develop specialised pathways for digital natives versus career-changers with different technology
comfort levels

e Create showcase programs highlighting successful technology integration to drive interest and
demand

e Leverage strengths in BIM and drones to develop expertise centres that can advance other
technology areas
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2. Biggest challenges in developing/delivering technology training
Key Findings:

e Finding qualified trainers with both industry and teaching credentials is extremely difficult

e Financial constraints significantly limit technology acquisition, especially for organisations with
multiple training locations

e High costs of procurement and transportation of physical equipment (e.g., $7,000 per move for a
shipping container of training materials)

e Lack of student demand for non-mandatory training: "Just learning for learning's sake isn't really
big in this industry"

o Difficulty locating subject matter experts knowledgeable about cutting-edge technologies

e Low digital literacy among many students and instructors

Recommendations:

e Create incentive programs for industry professionals to transition into training roles part-time

e Develop shared technology resource centres accessible to multiple training organisations

e Implement "train-the-trainer" programs focusing specifically on technology adoption

e Establish partnerships between training organisations and technology vendors for equipment
access

e C(Create standardised digital literacy modules that can be incorporated into existing mandatory
courses

3. Differences in technology training needs across segments
Key Findings:

e Tier 1 builders can more easily incorporate expensive technologies than SMEs and "mom and dad"
builders

e "Mom and dad builders" (80% of the industry) cannot typically afford technologies costing $80,000-
100,000

e Training organisations often cannot deliver different programs to different segments; apprentices
from various company types are mixed in the same classes

e No coordinated approach exists across industry segments and States/Territories: "every industry is
at different stages and every State and Territory does things differently”

e Higher-level qualifications show greater differentiation in technology training needs than entry-
level courses

Recommendations:

o Develop scalable technology solutions with entry points appropriate for different company sizes
e Create technology "library" or sharing arrangements allowing SMEs temporary access to advanced

equipment

e Establish peer learning programs pairing larger and smaller companies for technology knowledge
transfer

o Develop specialised modules that can be integrated into standard training for specific industry
segments

e Supportindustry associations in creating technology roadmaps relevant to different company sizes

-l;l- Technology-Specific Insights

L Y AR

4. Most challenging technologies to integrate into training
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Key Findings:

Building Information Modelling (BIM) is challenging because "it's just not in our qualifications" and
training packages are "generally 5 years behind"

Virtual Reality was investigated but found "cost prohibitive" to implement across multiple training
locations

Digital technologies in general are difficult to integrate due to resistant educators "who have been
doing the same thing for decades"

High acquisition costs for hardware like 3D printers, drones, and scanners

Finding qualified subject matter experts to develop and deliver training on emerging technologies

Recommendations:

Create centralised technology hubs that can serve multiple training providers and regions
Develop modular training content on emerging technologies that can be shared across the sector
Establish "technology adoption grants" specifically for training organisations

Form partnerships with technology vendors to provide equipment and expertise

Develop digital literacy programs specifically for trainers and educators

5. Successful technology training program examples

Key Findings:

VR integration into early engagement units for hazard identification has been highly successful
TAFE Queensland's foundation VR program reaches approximately 3,500 apprentices annually

VR simulations for safety training (fire extinguisher use, working at heights) have proven effective
"Science of the trade" programs explaining the "why" behind processes have improved student
outcomes

"The most popular course... is actually my most practical course" - hands-on learning remains most
effective

Foundation skills programs (numeracy, language) have improved participation and completion
rates

Recommendations:

Expand successful VR safety training to additional trade areas and scenarios

Create a national sharing platform for proven technology training approaches

Develop "science of trade" frameworks for each construction discipline incorporating technology
rationales

Create assessment methodologies that effectively measure technology competency

Establish blended learning approaches combining hands-on with virtual experiences

6. Common barriers preventing successful skill application

Key Findings:

Technology not being available in workplaces: "some of the feedback... was obviously it's not
available at the workplace"

Perception of technology as "gaming" by older generations who have never been exposed to it
Fear among apprentices that their technology knowledge exceeds their employers'

Poor foundation skills (math, literacy) preventing students from mastering technical content
Limited digital literacy among students and industry professionals

Lack of business management skills for those who become self-employed
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Recommendations:

e Develop workplace implementation guides to accompany technology training

e (Create mentor programs pairing technology-savvy apprentices with experienced tradespeople

e Establish foundation skills assessments and remediation programs before technical training begins
e Develop training approaches that accommodate various learning styles and digital literacy levels

e C(Create "technology ambassador" roles within training organisations to champion adoption

EIJ Curriculum and Delivery

7. Determining which technologies to include in training
Key Findings:

e Training package requirements largely dictate content: "a lot of it depends on what's actually
specified in... the units of competency"

e Industry consultation through advisory bodies provides guidance on relevant technologies

e Funding constraints limit ability to include technologies beyond minimum requirements

e Cost-benefit analysis of technology adoption influences decisions

e Consideration of industry prevalence: "How many building companies are currently using... robot-
based bricklaying equipment?"

e  Waiting for formal recognition in training packages creates significant delays

Recommendations:

e Establish technology advisory panels with broad industry representation to guide curriculum
decisions

e C(Create flexible "technology modules" that can be updated without revising entire training packages

e Develop partnerships with technology vendors to reduce procurement costs

e C(Create staged adoption processes for technologies based on industry readiness assessments

e Advocate for faster training package updates to accommodate emerging technologies

8. Most effective training delivery approaches
Key Findings:

e Face-to-face delivery still yields highest completion rates despite being most expensive

e Hands-on practical courses receive best feedback: "They like to do and feel and touch and actually
play around with stuff"

e Digital and online delivery faces challenges due to an industry that is "very digitally challenged"

e  Construction workers' long hours make self-directed learning difficult

e High costs associated with hands-on delivery ($7,000 to transport equipment between locations)

e VR may offer potential middle ground between hands-on and theoretical training

Recommendations:

e Develop blended learning models combining hands-on with technology-enhanced approaches
e Create short, focused digital modules designed for time-constrained learners

e Establish regional hands-on training hubs to reduce transportation costs

e Develop industry-specific digital literacy programs as prerequisites to technology training

e C(Create simulated work environments for technologies too expensive to provide universally
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9. Collaboration with technology vendors
Key Findings:

e Limited collaboration with vendors currently exists

e TAFE Queensland has a dedicated "VET Emerging Industries business development manager" to
engage with technology providers

e One example mentioned was partnership with Solo Assist for estimating software

e Vendors can view collaboration as both promoting their industry and showcasing their products

e Training organisations have created formal advisory bodies for industry consultation

e Working with vendors like Teller Group for geospatial and building scanning technologies

Recommendations:

e Create industry showcase events where vendors can demonstrate technologies to trainers and
students

e Develop formal partnership frameworks outlining benefits for training organisations and vendors

e Establish technology incubators within training organisations focused on construction applications

e C(Create joint research projects between training organisations and technology developers

e Establish formal "technology donation" programs with clear benefits for participating vendors

'Ol Future Outlook and Policy
10. Greatest opportunities for technology skills development (3-5 years)
Key Findings:

e BIM presents major opportunities: "definitely the BIM space" with projects like Queen's Wharf
using BIM systems

e Geospatial and 3D scanning technologies show significant promise: "what used to take four or five
days... took him 10 minutes to scan three floors"

e VR/XRfor training presents continued growth opportunities

o Digital design spaces are "growing rapidly"

e BIMand 3D scanning were identified as areas where Australia is on par globally

e Engaging students earlier (years 7-10) rather than waiting until year 11-12 presents significant
opportunities

Recommendations:

e Establish centres of excellence for BIM and 3D scanning technologies to leverage Australia's
strengths

e Create technology roadmaps identifying construction technologies with highest adoption potential

e Develop early exposure programs introducing construction technologies in secondary schools

e Support research partnerships between training organisations and technology developers

e Create specialised upskilling programs for existing workers in BIM and geospatial technologies

11. Policy changes to improve technology training
Key Findings:

e Need formal recognition of VR training in industry certifications: "having that seal of approval"
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Mandatory Continuing Professional Development (CPD) could drive technology adoption: "if
suddenly people had mandated training... you might get some uptake"

Coordinating approaches between federal and state/territory governments to reduce
inconsistencies

Government funding for digital adaptation, particularly for foundation skills

Removal of regulatory barriers to innovative construction methods (e.g., 3D printed housing)
Support for regional technology training hubs

Recommendations:

Establish national technology training standards applicable across all states/territories

Create regulatory sandboxes allowing experimentation with innovative construction technologies
Develop funding models specifically supporting technology acquisition for training purposes
Include technology competencies in licensing requirements

Implement mandatory CPD with technology components to drive ongoing skill development
Create "technology transition grants" for smaller organisations to update their training capabilities

llaboration and Additional Insights

12. Valuable industry partnerships for enhancing technology training

Key Findings:

Partnership with Build Skills to develop generic materials that can be shared across training
organisations

Collaboration with tertiary institutions for developing higher-level qualifications

Engagement with peak industry bodies to promote technology adoption

Working with vendors like Teller Group for geospatial equipment and scanning

Partnerships with specialised technology providers like "Serious Games" for hydrogen training
Cross-state/territory collaboration to share VR content between NSW and Queensland

Recommendations:

Establish formal multi-stakeholder partnerships focused on specific technology areas

Create industry-academia partnerships bridging vocational and higher education

Develop industry-supported research projects addressing technology implementation challenges
Form communities of practice around specific construction technologies

Create technology mentor programs pairing innovative companies with training organisations

13. Additional important issues not widely addressed

Key Findings:

Need to engage students much earlier: "We need to work with them in year 7, 8, 9, and 10"
Industry's reluctance to provide solutions: "Industry are happy to kick up a fuss... but they very
rarely come up with solutions"

Digital literacy challenges across the sector: "We're still flat out trying to get them to use technology
to put their assessments through"

Construction is predominantly a "people business" requiring significant cultural change
Opportunity to fast-track educational pathways through technology

Queensland's leadership in prefabrication: "Queensland does prefab the best"

Recommendations:
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e Create early exposure programs in secondary schools highlighting construction technologies
e Develop industry accountability frameworks for technology training input

e Establish construction technology demonstration sites showcasing implementation benefits
e Create formal pathways for industry professionals to contribute to training development

e Conduct comprehensive digital literacy assessments across the construction sector

e Document and share Queensland's prefabrication success stories nationally

Overall Strategic Recommendations

Based on the analysis of training organisation interviews, the following strategic recommendations are
proposed to advance construction technology training in Australia:

1. Create a National Construction Technology Training Framework that standardises
approaches across states/territories and provides consistent funding mechanisms for technology
acquisition and training.

2. Establish Regional Technology Training Hubs where expensive equipment can be centrally
located and accessed by multiple training organisations, reducing duplication and transportation
costs.

3. Develop Specialised Technology Training Modules that can be integrated into existing
mandatory courses, providing exposure without requiring standalone courses that struggle with
enrolment.

4. Implement Early Engagement Programs in years 7-10 to introduce students to construction
technologies before career decisions are made.

5. Create Foundation Skills Programs addressing digital literacy, numeracy, and language barriers
that prevent successful technology adoption.

6. Formalise Vendor-Training Partnerships with clear mutual benefits, enabling access to cutting-
edge technologies without prohibitive procurement costs.

7. Establish Industry-Training Technology Working Groups with accountability measures to
ensure industry contributes solutions alongside identifying problems.

8. Develop VR Safety Training Expansion building on successful implementations to create
comprehensive library of safety scenarios.

9. Create Demonstration Projects showcasing successful technology implementations to drive
interest and demand.

10. Establish Fast-Track Training Programs leveraging technology to accelerate competency
development and address industry workforce shortages.

These recommendations address the key barriers identified while building on successful initiatives already
underway. Implementation should involve collaboration between government agencies, training
organisations, industry bodies, and technology vendors to ensure sustainable, widespread adoption of
construction technologies across the training sector.
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Bullding and Construction
Companies Interview Analysis
Report

Executive Summary

This report analyses interviews with representatives from three Australian construction companies
regarding their technology adoption experiences and challenges. The analysis reveals varying approaches
to technology implementation, from companies struggling with coordinated technology strategies to those
that have successfully developed custom solutions. Key challenges across the industry include change
management with an ageing workforce, difficulty evaluating ROI, lack of collaborative frameworks, and
resistance from subcontractors. Despite these barriers, companies are experimenting with technologies like
BIM, drones, VR, 3D printing/prefabrication, and custom software solutions.

One company has developed sophisticated custom systems that deliver measurable benefits including 30%
cost reductions, yet encounters significant resistance from builders, developers, and government entities
who view technology transparency as threatening rather than beneficial. The findings suggest that
successful technology adoption requires both generational transition and fundamental industry
transformation, including reformed procurement models, mandatory professional development, and
education beginning at school level.

Question-by-Question Analysis and Recommendations

QO

Implementation Insights
1. Evolution of company's technology adoption approach (2-3 years)
Key Findings:

e Two companies report "slow" adoption of technology over the past 2-3 years

e One construction company has a registered training organisation internally, but there's "no
coordinated approach" to technology adoption

e Technology adoption often occurs in isolation: "there's stuff happening out on site that we don't
know about"

e Another company described itself as "conservative in the digital space," recently completing an
IT/digital review

e Adoption is largely driven by individual staff interest rather than corporate strategy

e Respondents noted innovations often go unshared between projects or divisions

e One company has actively embraced and developed technology, creating their own software
systems for tracking compliance, safety, and production

e This company built custom solutions because existing technologies couldn't effectively track
production or provide real-time job progress

e Their systems incorporate Al capabilities to predict impacts of future changes

o Despite creating valuable tools that could reduce costs by 30%, they've encountered significant
resistance from builders and developers

e Financial institutions have shown greater interest in their technology than construction companies,
as it provides accurate progress reporting for financing
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Recommendations:

Develop internal knowledge-sharing platforms to document and communicate technology
initiatives

Create centralised technology committees with representatives from various departments
Establish formal processes for technology trials, assessment, and company-wide implementation
Create incentives through regulatory frameworks for transparency in project reporting

Develop industry standards for production tracking and reporting systems

Support cross-project pollination through technology champions

Implement regular technology showcases to share lessons learned across the organisation
Establish demonstration projects showing financial benefits of technology adoption

2. Unexpected challenges when implementing new technologies

Key Findings:

Generational divide is a major challenge: "if you're under 30, you're all over it" but older staff resist
change

Technology implementation struggles because "construction doesn't like change"

Education and knowledge gaps create significant implementation barriers

Limited capacity of subcontractors to adopt technologies used by tier-one builders
Technologies needing daily engagement (e.g., 360-degree cameras) face resistance: "l don't have
time to walk around"

Employee scepticism about technology benefits: "l can lay blocks faster myself"

Multiple disconnected technologies requiring redundant data entry across systems

Significant administrative overhead managing various login credentials and systems

Lack of data portability between projects using the same technologies

Resistance from project managers who view transparency as threatening

Difficulty training site staff who often don't know how to use the systems

Recommendations:

Implement age-appropriate change management strategies acknowledging the generational divide
Develop industry-wide data exchange standards to reduce redundant data entry

Create unified authentication systems for construction technologies

Create technology transition pathways targeting different age demographics

Establish construction technology integration platforms functioning as middleware

Develop simplified training approaches for older workers

Establish mentoring programs pairing tech-savvy younger workers with experienced staff

Support subcontractors in technology adoption through training and resources

Provide funding for training programs specifically addressing technology integration

Focus on technologies with clearest, most immediate benefits for initial implementations

3. Criteria for Evaluating and Selecting Technologies

Key Findings:

Companies lack structured evaluation frameworks: "there's no framework to do it currently”
Technology evaluation is characterised as "ad hoc" or "uncoordinated"

Building industry seen as lacking expertise to properly assess technology: "we're builders, we don't
know how to assess technology"

Concern that technologies are built by vendors with "their own interest" rather than construction
industry needs

Evaluation is limited by tight margins: "we're all running on 3% margins at best"

=] BENCHMARK July2025 216|Page
CONSTRUCTION INDUSTRY TRAINING COUNCIL. O - ; ne 5 s aawvi r) ’J ! y



DIGITAL BLUEPRINT Emerging Technologies Research Project

e Companies rely heavily on industry consultation and global networks for technology insights

e One company's key criteria include reporting capabilities, productivity enhancement, and
streamlining operations

e This company typically evaluates 3-4 different technologies for each use case

e  Will build custom solutions when existing options don't meet requirements

e Cost considerations influence decisions, particularly ROI

e Challenge of having too many disparate systems requiring extensive training

e Resistance to change among site workers is a significant barrier

Recommendations:

e Establish industry-standard evaluation frameworks for construction technologies
e C(Create collaborative industry-wide technology evaluation mechanisms

e Develop modular technology solutions that can be integrated as needed

e  Establish consortiums for shared technology exploration and risk mitigation

e Partner with technology vendors to develop construction-specific solutions

e Support collaborative technology pilot programs across multiple builders

=|:I. lechnology-Specific Insights
4. Technologies delivering greatest business value
Key Findings:

e BIM identified as delivering significant value by companies

e Drones highlighted for safety monitoring and real-time site information

e 3D printing for components and prefabrication (not whole buildings)

e Pre-cast construction methods showing promise

e VR for safety training, particularly for high-risk activities

e These findings align with research showing Australia is on par globally with BIM and drone
technologies

e Telehandlers and cranes have delivered significant value for material handling

e  Custom-built software tracking productivity and production has been most valuable for one
company

e Real-time production tracking allows companies to counter incorrect assumptions about project
progress

e Systems can integrate with Microsoft Project to provide accurate project status

e Technology enables identification of incorrect reporting and prevention of unnecessary
acceleration costs

Recommendations:

e Expand BIM implementation with standardised training and workflows

e Create industry standards for production tracking metrics

e Develop drone programmes with clear safety protocols and data management systems
e Develop integration frameworks for construction management software

e C(Create centres of excellence around technologies where Australia leads

e Support research into Al applications for production forecasting

e Establish productivity benchmarking systems for construction tasks

e Support industry-wide training programs for technologies showing greatest promise

e Establish case study repositories documenting successful implementations

5. Successful Technology Implementation Examples

. BE_NCHleARK' July2025 217 |Page
CONSTRUCTION INDUSTRY TRAINING COUNCIL. pusiness advisor y



DIGITAL BLUEPRINT Emerging Technologies Research Project

Key Findings:

e Drone deployment for safety monitoring and progress tracking

e VR for training crane operators and other high-risk activities

e Al beginning to be adopted in limited applications

e 3D scanning/surveying technologies dramatically improving efficiency

e Some respondents struggled to identify many clear success stories, suggesting limited successful
implementation

e Companies often unaware of successful implementations happening within their own
organisations

e  Custom-built productivity tracking system has been the most successful implementation for one
company

e Systems generate reports and graphs showing daily progress visible to all employees

e Integration with Microsoft Project allows overlay of actual vs. planned progress

e Systems help identify reporting of "bad data on bad data" in traditional project management

e Prevented unnecessary acceleration costs by providing accurate progress data

Recommendations:

e Document and share successful technology implementation stories within organisations
e Create formal case studies demonstrating ROl and implementation approaches

e Create open standards for progress reporting in construction

e Develop implementation playbooks for technologies with proven success

e Support research into visual reporting techniques for construction

e Establish technology showcase events to highlight successful applications

e Support peer learning networks around specific technologies

e Create mentoring relationships between early adopters and potential implementers

6. Technologies Most Difficult to Integrate
Key Findings:

e Virtual reality training systems initially difficult to implement: "instead of having one trainer deliver
the course, now we had to have two trainers... one to show them how to use the VR"

e Technologies requiring daily user engagement (like 360-degree cameras for progress monitoring)

e Technologies requiring subcontractor adoption

e Systems needing integration with existing workflows

e Technology adoption described as "extremely difficult" due to lack of systematic onboarding
processes

e One company has not experienced significant integration difficulties with their technologies

e Some businesses are highly systematised with established processes

e Companies employing in-house coders to create custom solutions and integrations

e Maintaining control by keeping technology development in-house rather than outsourcing

e Systems that integrate with accounting software and other business systems

Recommendations:

e Implement staged technology introduction programmes with adequate support

e Develop case studies on successful integration approaches

e Focus on user experience and simplification for initial implementations

e Support development of API standards for construction technologies

e Create comprehensive onboarding and training programmes

e Develop change management processes specifically for construction technologies
e Support subcontractors in technology adoption with resources and training
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ko

7. Addressing skills development for technology adoption

Workforce and Strategy

Key Findings:

e Companies partner with external organisations for specialised training

e Hutchinson has its own registered training organisation (RTO) but still faces challenges

e Training partnerships with universities for emerging technologies

e Skills development largely reactive rather than strategically planned

e Limited appetite for investing in training without clear short-term benefits

e Finding qualified trainers is a significant challenge

e Some companies conduct their own in-house training as external options are insufficient

e Even when purchasing expensive equipment (e.g., £500,000 crane), vendor representatives often
don't fully understand the technology

e Limited support from technology vendors for comprehensive training

e Self-directed learning is common but challenging due to time constraints

e Industry lacks structured professional development pathways

Recommendations:

e Develop strategic skills development roadmaps aligned with technology adoption plans
e  Establish industry-funded technology training programmes

e Create certification standards for construction technology trainers

e Create partnerships with education providers for specialised technology training

e Implement digital literacy programmes as foundation for advanced technology skills

e Support vendor-neutral technology training initiatives

e Establish mentoring programs pairing tech-savvy employees with others

e C(Create technology learning paths for different roles and career stages

8. Gaining Employee Buy-in for New Technologies
Key Findings:

e Companies rely on identifying employees with natural interest in technology

e Successful adoption driven by technology champions who "approach the executive" with interest

e Employee buy-in typically depends on clear demonstration of personal benefit

e Younger employees generally more receptive to new technologies

e Construction workers described as having lower digital literacy levels generally

e Employee resistance often based on perception technologies don't deliver practical benefits

e Some companies link technology adoption to productivity bonuses based on measurable
outcomes

e Connect performance metrics with safety and quality compliance

e Provide visual feedback through graphs and dashboards viewable on mobile devices

e C(Create career advancement opportunities tied to technology proficiency

e Recognise performance based on actual production data

Recommendations:
e Identify and support potential technology champions within organisations

e Develop industry guidelines for technology-based incentive programmes
e C(Create structured programmes for technology enthusiasts to explore and implement solutions
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e C(Create case studies on successful employee engagement strategies

e Develop clear messaging around technology benefits for individual roles
e Support research on motivation factors for technology adoption

e C(Create technology communities of practice within organisations

e Implement recognition programs for successful technology adoption

e Provide dedicated time for technology exploration and implementation

9. Measuring Return on Investment for Technology Implementations
Key Findings:

e Limited formal ROI assessment processes in place across most companies

e Testing typically done on specific projects before wider rollout

e Committee-based approach to evaluate technology effectiveness

e Industry consultation used to validate potential benefits

e No structured benchmarking or metrics for technology effectiveness

e Investment decisions often made without clear ROI understanding

e One company's production tracking system provides direct measurement of technology ROI

e Compare hourly rates and returns against market benchmarks

e Conduct studies comparing different products and approaches

e Consider holistic factors including worker health impacts and safety

e Encounter resistance from builders who focus only on immediate cost without considering long-
term benefits

Recommendations:

e Develop standardised ROl assessment methodologies for construction technologies

e Implement consistent metrics for measuring technology impact

e C(Create industry benchmarks for technology performance metrics

e C(Create technology pilot programmes with clear success criteria

e Support research into comprehensive ROI models including health and safety benefits
e Document and share ROI findings across organisations

e Establish baseline measurements before technology implementation

lel Future Outlook and Industry

J

10. Most important technologies for the business (next 3-5 years)
Key Findings:

e 3D printing for components (not whole buildings)

e Prefabrication systems for building elements

e Pre-cast construction methods

e Continued development of BIM capabilities

e Drone technology for monitoring and inspection

e VR for training and design visualisation

e "Verified reporting" will become increasingly important especially as financial pressures increase

e Modularisation of construction products will grow in importance

e Companies aim to position themselves with technology and equipment to support modular
construction

e Adapting existing systems to support emerging construction methods

e Embracing modular approaches similar to those used in other countries (Japan mentioned
specifically)
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Recommendations:

Develop strategic roadmaps for priority technology areas

Support research into modular construction technologies and methods
Develop standards for modular construction interfaces

Create skills development programmes aligned with future technology needs
Create training programmes focused on modular construction techniques
Establish partnerships with technology providers in priority areas

Support knowledge transfer from countries with advanced modular systems
Support research and development in identified technology domains

Create knowledge-sharing mechanisms for priority technologies

Implement pilot programs testing future technology applications

11. Industry/Government Support Needed for Effective Technology Adoption

Key Findings:

Regulatory barriers seen as significant impediment ("regs are a problem")

Employee representatives (unions) sometimes resist technology adoption

Industry lacks collaborative frameworks for technology development

Low margins limit individual companies' ability to invest in innovation

Need for government support of demonstration projects

Need for consistent regulations across jurisdictions

Government leadership in procurement models is critical - move away from "hard dollar" contracts
to project management approaches

Current lowest-price bidding models discourage investment in technology and training
Historical cycles show training and quality improved under project management contracts but
declined when hard dollar contracts returned

Government should lead cultural change in the industry through its own practices

Current procurement approach kills innovation and apprenticeship development

Recommendations:

Reform government procurement models to prioritise value, quality and innovation over lowest
cost

Develop regulatory sandboxes for innovative construction methods

Create tax incentives for technology research and implementation

Develop contract frameworks that share benefits of technology adoption

Establish public-private partnerships for technology demonstration projects

Create incentives for training and professional development

Implement consistent cross-jurisdictional regulations for innovative approaches

Support industry consortiums for shared technology development

Create funding programs targeting construction technology innovation

Ve A
(

Collaboration and Additional Insights

12. Valuable stakeholder collaborations for technology implementation

Key Findings:

Universities identified as valuable partners, particularly for research
Collaborative models bringing together "the stakeholder with the problem... with the people who
have the expertise to solve the problem"
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e Industry consultation essential for successful implementation

e Importance of including unions in technology discussions

e Need for industry-wide collaboration due to limited individual resources

e Value of global networks and knowledge sharing

e Industry associations (MBA, HIA, CITC) provide some support

e Need for licensing requirements tied to continuous professional development

e Establish CPD (Continuing Professional Development) points system requiring technology adoption
e Create mechanisms to encourage professional growth and advancement

e Remove contractors who refuse to advance technologically from the industry

Recommendations:

e  Establish formal industry-university partnerships for construction technology
e Develop mandatory continuing professional development frameworks

e C(Create technology-specific CPD requirements for licence renewal

e Create collaborative research programmes with shared funding and resources
e Establish progressive licensing system rewarding technological advancement
e Support industry association technology training programmes

e Create venues for technology demonstration and shared learning

e Support knowledge transfer from international markets

13. Critical Issues Not Receiving Enough Attention
Key Findings:

e Need to engage with school-age children about construction technology: "more emphasis needs to
be put on getting into primary school kids... high school kids"

e Generational workforce transition required rather than forcing change on current workers

e Construction industry literacy levels seen as barrier to technology adoption

e Technology adoption approached as adding to existing processes rather than transforming them

e Massive skills shortage driving need for technology solutions

e Need for industry collaboration on technology due to limited individual resources

e Technology education needs to begin in schools (around year 10) before career decisions

e Students should understand technology will be part of construction careers

e Project management contract models needed to support technology adoption and apprenticeship

e Current hard dollar contracts treat apprentices as cheap labour rather than future technicians

e  Government must lead cultural change in the industry

Recommendations:

e Develop school programmes introducing construction technologies at early ages

e Create construction technology career pathways beginning in secondary education
e Reform contract models to support skills development

e Support digital literacy programmes specifically for construction workers

e C(Create technology-focused apprenticeship pathways

e  Establish industry-wide collaboration frameworks for technology development

e Establish technology showcases for secondary students

e Support research into effective technology education approaches

e Implement systematic knowledge sharing across the industry
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Based on the comprehensive analysis of interviews across the three construction companies, the following
strategic recommendations are proposed to advance construction technology adoption in Australia:

Immediate Priority Actions

Reform Government Procurement Models to prioritise value, quality and innovation over lowest
cost, using project management contracts rather than hard dollar approaches to encourage
investment in technology and training.

Establish Mandatory Continuing Professional Development requirements tied to technology
adoption and implementation, creating pathways for career advancement based on technological
proficiency.

Develop Unified Data Standards for the construction industry to reduce redundant data entry
and improve system interoperability between different technologies and platforms.

Medium-Term Transformational Initiatives

Create School-to-Industry Technology Pathways introducing construction technologies to
students before career decisions and establishing technology-focused apprenticeship
programmes.

Develop a Construction Technology Transition Framework acknowledging the generational
divide and creating pathways for technology adoption appropriate to different workforce
segments.

Establish Industry-Wide Technology Assessment Mechanisms where builders can
collaboratively evaluate and implement technologies, sharing risks and resources.

Long-Term Industry Development

10.

Support In-House Technology Development through grants, tax incentives and shared resources
for companies developing custom solutions to industry problems.

Establish Production Tracking Standards creating common metrics and reporting methods for
project progress to increase transparency and reduce disputes.

Create Construction Technology Education Pathways beginning in primary and secondary
education to develop future technology-savvy construction workers.

Develop Modular Construction Standards to advance prefabrication and modularisation
approaches, learning from successful international models.

Supporting Infrastructure

11.

12.

13.

14,

15.

16.

17.

Implement Demonstration Projects showcasing successful technology applications with
documented processes and outcomes that can be replicated across the industry.

Support Internal Technology Champions through formal programmes identifying and
empowering employees with technology interest to drive adoption within organisations.
Develop Standardised ROl Methodologies specifically for construction technologies to help
companies evaluate and justify investments.

Create Collaborative University-Industry Partnerships bringing together problem owners and
solution developers with shared incentives for success.

Reform Regulatory Frameworks to accommodate innovative construction methods while
maintaining safety and quality standards.

Establish Digital Literacy Programs addressing the fundamental technology skills gap in the
construction workforce.

Support Knowledge Transfer between companies, sectors and countries to accelerate adoption
of proven technologies.
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Covernment, Union and Ingustry
Nnterview Analysis Report

Executive Summary

This report analyses interviews with representatives from government, trade union and industry
organisations regarding construction technology policy and adoption in Australia. The analysis reveals
significant policy challenges including slow evolution of regulatory frameworks, resistance to new
technologies by various stakeholders, and lack of coordinated long-term planning. Despite these
challenges, opportunities exist through prefabrication initiatives, emerging funding programs, and potential
demonstration projects. The findings suggest that government's most effective role is providing regulatory
frameworks that enable private sector innovation, supporting pilot projects to demonstrate benefits, and
updating codes and standards to accommodate new technologies, particularly in areas like 3D printing,
prefabrication, and robotics.

Question-by-Question Analysis and Recommendations

*s Policy Landscape Insights
1. Evolution of government's approach to construction technology policy and regulation (2-3 years)
Key Findings:

e  Policy evolution has been "very slow" with limited specific policies on technology use

e Recent ALP government announcements on modern methods of construction represent
recognition of overseas developments rather than true innovation

e Government could use its position as a major construction consumer to drive technology adoption
through procurement policies

e Recently announced $50 million funding to support prefab and modular home construction
represents early steps

e Policy approach is generally reactive rather than proactive

Recommendations:

e Establish model technology demonstration projects through government procurement

e Develop procurement requirements that mandate specific technology adoption targets

e Create regulatory sandboxes allowing experimentation with innovative construction approaches
e Support industry-led initiatives while providing regulatory clarity

e Coordinate policy approaches across federal, state, territory government levels

2. Most significant regulatory/policy barriers to technology adoption
Key Findings:

e Local council regulations present major barriers, particularly for innovative approaches like 3D
printing

e National Construction Code may not accommodate new construction methods and materials

e Training, qualifications and licensing frameworks don't encompass new technologies
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e Work Health and Safety regulations may not address new technology scenarios
e Banking and finance systems are only beginning to recognise prefabricated buildings

Recommendations:

e Update National Construction Code to specifically address emerging technologies

e Develop model local government regulations for innovative construction methods

e Create qualification frameworks that encompass technological competencies

e Reform licensing requirements to recognise technology skills

e  Work with financial institutions to develop standards for financing innovative construction
methods

3. Different technology adoption patterns requiring specialised approaches
Key Findings:

e Energy efficiency improvements (star ratings) face resistance due to cost concerns

e Integration of renewable technologies (solar panels, battery storage) lacks sufficient policy support
e Industry tends to resist changes that increase initial costs despite long-term benefits

e Short-term political thinking undermines long-term technology planning

e New technology requires specialised training and skills development approaches

Recommendations:

e Implement mandatory renewable energy requirements for new buildings

e Develop subsidies or incentives to offset initial technology adoption costs

e Create long-term technology roadmaps that extend beyond political cycles

e Establish independent technology assessment bodies to provide objective guidance

e Support research demonstrating long-term economic benefits of technology adoption

Q lechnology-Specific Insights
4. Technologies presenting greatest regulatory challenges/opportunities
Key Findings:

e 3D printing faces significant barriers but offers major opportunities for housing construction

e Prefabrication encounters resistance from builders, local planning authorities, and neighbours on
aesthetic grounds

e Building Information Modelling (BIM) offers relatively straightforward implementation with clear
benefits

e Robotic bricklaying systems could address labour shortages in specialised trades

o Silica dust control regulations are driving specific technology adoption for health and safety

Recommendations:

e Develop specific regulatory frameworks for 3D printed structures

e Create design guidelines addressing aesthetic concerns for prefabricated buildings
e Mandate BIM usage for government projects above certain size thresholds

e Support research into robotic systems addressing critical labour shortages

e Expand health and safety regulations driving beneficial technology adoption
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5. Successful government initiatives supporting technology adoption
Key Findings:

e Few large-scale successful initiatives were identified

e Recent $50 million federal funding announcement for prefabrication represents a starting point

e Additional $5 million for developing voluntary national certification for off-site construction

e Some micro-level success with silica dust control regulations driving technology adoption

e Attempts at laminated building product manufacturing in Western Sydney lacked sufficient
government support

Recommendations:

e Expand successful micro-level regulatory approaches to broader technology areas
e Document and promote outcomes from newly funded prefabrication initiatives

o Develop case studies of successful international government support programs

e C(Create technology adoption incentive programs targeting specific industry needs

e Establish public-private partnership models for technology demonstration projects

6. Balancing innovation support with regulatory oversight
Key Findings:

e Current approach is largely "throw money out there" without strategic direction

e Need to balance technology adoption with worker safety and industry transition

e Concern about creating two-tier or three-tier workforce during technology transition

e Risk of resistance from training organisations and employers comfortable with status quo
e Challenge of maintaining consumer and public safety while enabling innovation

Recommendations:

e Develop regulatory frameworks that prioritise safety while enabling innovation
e C(Create phased technology transition plans considering workforce impacts

e Establish clear safety standards for new construction technologies

e Support worker training and transition during technology adoption

o Develop risk assessment methodologies for evaluating new technologies

@ Programs and Support

7. Determining technology areas to prioritise for support/funding
Key Findings:

e Prioritisation largely market-driven based on industry feedback

e Focus on technologies that can be introduced quickly with rapid industry uptake

e Technology issues considered "third order" priority - "only at the margin"

e Tier one builders have technology embedded while tier two and smaller companies have limited
adoption

e Training packages lack content for emerging technologies (example: hydrogen in plumbing)

Recommendations:
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e Establish formal technology assessment and prioritisation frameworks

e Create mechanism for identifying critical technology gaps in training packages

e Develop early adoption incentives for smaller construction companies

e Implement technology road mapping exercises with broad industry participation
e Support research identifying highest-impact construction technologies

8. Most effective policy approaches for encouraging technology adoption
Key Findings:

e Few examples of clearly successful policy approaches were identified

e Current approach characterised as "suck it and see" - throwing money at ideas without clear
strategy

e Limited evidence of technologies supported by government making significant industry impact

e Union involvement through various committees helps shape policy but with mixed success

e Resistance from RTOs (particularly public providers) and employers to changing training
approaches

Recommendations:

e Develop evidence-based technology adoption policy frameworks

e Establish clear metrics for evaluating technology support program success
e C(Create long-term funding models rather than one-off grants

e Support knowledge transfer between sectors and internationally

e Implement systematic approach to technology demonstration and diffusion

9. Coordinating technology policy with other agencies and stakeholders
Key Findings:

e Government approach characterised as "we listen... we're all ears"

e  Multiple consultation mechanisms with industry groups and stakeholders

e Technology issues represent minor portion (less than 10%) of industry discussions

e Vendors reluctant to share technology information (only 3 responses from thousands of survey
contacts)

e Product providers pushing proprietary technologies without systematic approach

Recommendations:

e Establish dedicated construction technology coordination body

e Create formal technology assessment and sharing mechanisms

e Develop incentives for vendors to participate in technology sharing

e Implement systematic approach to technology evaluation and adoption

e Support neutral platforms for technology demonstration and assessment

'Ol Future Outlook and Planning
10. Technologies requiring most careful policy consideration (3-5 years)

Key Findings:
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o Artificial Intelligence identified as highest-priority area, particularly for design, planning and
scheduling

e Building Information Modelling (BIM) becoming standard practice especially for larger projects

e Robotics and 3D printing expected to become commercially viable within 5 years

e Exoskeletons viewed as 10-15 years from mainstream adoption due to cost barriers

e Autonomous vehicles and equipment (already in mining) applicable to construction

Recommendations:

e Develop comprehensive Al policy framework for construction industry

e Establish standards for BIM implementation across project types

e Create regulatory framework for robotics and 3D printing in construction
e Supportresearch into cost reduction for promising technologies

e Implement pilot projects for autonomous equipment in construction

11. Regulatory frameworks/initiatives being considered for future technology adoption
Key Findings:

e Recent $50 million funding announcement for prefab/modular construction

e Development of voluntary national certification process for off-site construction

e Recognition that prefab/modular homes can be built up to 50% faster than traditional methods

e Limited evidence of comprehensive future technology regulatory planning

e Transit-oriented development centres (TODDs) may provide opportunities for technology
implementation

Recommendations:

e Expand certification processes to other construction technologies

e Develop technology standards applicable across jurisdictions

e C(Create technology zones with modified regulations in TODDs

e Establish formal technology forecasting and planning processes

e Support proactive regulatory development for emerging technologies

Closing Questions

12. Industry input to help develop effective technology policies
Key Findings:

e Collaboration with TAFE Centres of Excellence and Institutes of Applied Technology (IATs)

e |ATs in NSW (Meadow Bank and Kingswood) developing technology training and demonstration

e Partnership models involving contractors, technology companies and universities

e Technology centres with hands-on experience opportunities

e Need for demonstration sites where people can "see the technology, touch it, feel it, understand it"

Recommendations:

e Expand centres of excellence model nationwide

e Create regional technology demonstration hubs

e Develop public-private partnership models for technology centres

e Support technology showcase events and facilities

e Implement technology experience programs for industry stakeholders
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13. Other important issues not widely addressed
Key Findings:

e Need for "a lot more discussion in the industry" about technology

e Lack of long-term forward thinking amid immediate industry challenges

e Need for recurring reviews of global technology developments relevant to Australian context
e Housing crisis driving need for accelerated technology adoption

e Importance of coordinated approach to meeting housing targets

Recommendations:

e Establish ongoing technology monitoring and assessment program

e C(Create industry-wide technology road mapping process

e Develop formal mechanisms for international technology knowledge transfer
e Implement systematic approach to demonstration projects

e Supportintegrated planning for housing and construction technology

Overall Strategic Recommendations

Based on the comprehensive analysis of government and industry interviews, the following strategic
recommendations are proposed to advance construction technology policy and adoption in Australia:

1. Establish Government-Led Demonstration Projects using procurement requirements to
showcase technologies like 3D printing, robotics, and prefabrication, providing clear evidence of
benefits.

2. Develop a National Construction Technology Framework coordinating policy across federal,
state and territory government levels, providing regulatory clarity while enabling innovation.

3. Reform Building Codes and Standards to specifically accommodate innovative construction
methods, particularly for 3D printing, prefabrication, and modular construction.

4. Create Technology Experience Centres through public-private partnerships where industry
stakeholders can see, touch and understand emerging technologies before implementation.

5. Implement Training Package Reforms that incorporate technological competencies into
qualifications and licensing requirements, addressing the current skills gap.

6. Support Transition Planning for workforce evolution, acknowledging the likely emergence of a
three-tier workforce (traditional, hybrid, technology-focused) during the transition period.

7. Establish Technology Assessment Methodology providing objective evaluation of emerging
technologies' benefits, costs, and implementation requirements.

8. Develop Long-Term Technology Roadmaps extending beyond political cycles to provide industry
certainty and guide investment decisions.

9. Implement Recurring Technology Reviews examining global developments and their
applicability to the Australian context, ensuring continuous improvement.

10. Create Financial Incentives for early technology adopters, particularly focusing on technologies
addressing critical issues like housing shortages, safety improvements, and labour constraints.

These recommendations acknowledge the government's appropriate role as framework provider and
enabler rather than technology driver, while addressing the significant barriers currently limiting
construction technology adoption in Australia. Implementation should involve coordinated effort between
government agencies, industry bodies, training organisations, and technology providers to ensure effective
outcomes.
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Closing
Remarks

Australia’s construction industry is at an
inflection point. Labour shortages, stagnant
productivity and the net-zero imperative
demand fresh approaches, and the sixteen
technologies profiled in this report show
tangible promise. Yet technology alone will
not solve the sector’s challenges. The
evidence demonstrates that success
depends on people, processes and policy
working in concert — captured here as nine
strategic levers that any firm, agency or
training provider can act upon.

Implementing these levers requires
coordinated oversight. The proposed
National Construction Technology
Coordination Group offers a practical, low-
overhead mechanism to align standards,
pilots, training and funding across
jurisdictions. Each stakeholder has a role:
government to modernise regulation and
incentives, industry bodies to foster
collaboration, educators to build skills and
businesses to lead by piloting and scaling
proven tools. By taking early, concerted
action and openly sharing progress through
the Digital Construction Progress Index, the
sector can shift from incremental gains to
transformative outcomes — delivering
projects that are faster, safer and cleaner,
and positioning Australia as a global leader
in construction innovation.
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References

To keep this document clear, engaging, and accessible for busy industry readers, we have chosen not to
clutter the narrative with in-text citations. Experience shows that long strings of academic references can
interrupt the flow, distract from the key insights, and make a practical report harder to skim, digest, and
share with project teams. Instead, every source we consulted — peer-reviewed papers, industry white
papers, and web articles — has been logged in a master Google Sheet, giving full transparency without
over-complicating the main text. Readers who wish to trace specific data points or explore further detail
can do so easily via that sheet, while everyone else can focus on the strategic findings and
recommendations.

Please head here to access the reference list: https://benchmarkbusinessadvisory.com.au/nextbuild
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Appendices

Because of the extensive supplementary material, we've made the appendices available for direct
download from the research team’s website. There you'll always find the latest Google Drive link to all
relevant files.

Access the appendices list here: https://benchmarkbusinessadvisory.com.au/nextbuild
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Contact Us

For media, commercial, or otherwise type enquiries, please contact the project lead directly on the details

below:
Contact Name: Peter Spinda
Contact Number: 0434 236 418

Contact Email: peter@benchmarkbusinessadvisory.com.au
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