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ABSTRACT
Speculative and systemic design are both used byHCI researchers to
engage in complex sociotechnical change. However, they are rarely
integrated in ways that make their complementary strengths ex-
plicit. This paper introduces Systemic Futures Dialogue, a design
approach that interleaves speculative and systemic design methods
across micro-macro and present-future dimensions. We report on
an 18-month case study with the Architecture, Engineering, and
Construction (AEC) industry, that applied a mixture of methods
used in both design disciplines. These included semi-structured
interviews, systems mapping, future-based scenarios, speculative
probes, and participatory reflection. The resulting design approach
generates grounded futures by connecting macro-level system dy-
namics with micro-level speculative critique, identifying tensions
between present-day solutions and desired futures. The final Sys-
temic Futures Dialogue contributes methodological guidance for
conducting critical, participatory design work within a sociotech-
nical system.
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1 INTRODUCTION
The deliberate movement away from solutionism in speculative
design, toward designer-led critique [21], stands in contrast with
the participatory and pragmatic orientation of systemic design
[32]. These different purposes make it challenging to apply both
approaches in parallel; while speculative design opts for critique
and reflection, systemic design instead aims to find opportunities
for change. In this paper we demonstrate how the orchestration of
these approaches can be useful to structure a movement between
micro and macro perspectives of a sociotechnical system, whilst
identifying design tensions between systemic change and long-term
desirable futures.
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Although speculative design and systemic design have important
differences, their methods and foci could be applied in complemen-
tary ways, such that the strengths of one address the weaknesses
of the other. Speculative design, while powerful for critiquing dom-
inant assumptions and envisioning alternative futures, has been
criticised for its designer-led orientation, which privileges expert
voices and limits broader participation in imagining futures [43, 51].
While recent efforts aim to democratise this process [24], specula-
tive design can meet opposition from the pragmatics of corporate
objectives, and participants may find it difficult to engage in futures
thinking without specialised training [24, 51]. Instead, we believe
it is possible to embed designer-led speculation in systemic design
activities that engage sociotechnical systems in participatory ways
[31]. Meanwhile, speculative design can also address critiques that
systemic design tends to remain at the level of policy or organisa-
tional design, overlooking the role of technology plays in systemic
change [10].

However, to our knowledge no HCI research has examined how
systemic and speculative design can be intentionally brought to-
gether. We therefore aim to articulate the challenges and oppor-
tunities that arise from combining methods from both disciplines.
We examine the integration of these different methods by present-
ing a case study in which we designed technology interventions
aimed at improving Architecture, Engineering, and Construction
(AEC) sociotechnical systems. By sociotechnical system, we mean
social systems (e.g. a group of people from different organisations
collaboratively designing and constructing a building) that use tech-
nologies to assist in the organisation of activities (e.g. using cloud
computing to share architectural files between organisations) [6].

From this case study, we extract and present the Systemic Fu-
tures Dialogue (Figure 1), developed in collaboration with AEC
industry representatives. This structured orchestration acts as a
guide for designers to balance the different epistemic purposes of
speculative and systemic design, helping them to 1) ground specu-
lative design in identified trends within a sociotechnical system, 2)
structure participatory speculation, and 3) identify design tensions
between planned systemic solutions and desirable technological
futures. Overall, this paper makes the following contributions:

• The Systemic Futures Dialogue, a structured orchestration
that integrates the strengths of speculative design and sys-
temic design, showing how this integration can be reliably
used by designers.

• An empirical study with participants from the Architecture,
Engineering and Construction industry that provides a clear
illustration of the Systemic Futures Dialogue in a real-
world context.

• Systemic Futures Tensions, a novel epistemic contribution
that results from combining systemic and speculative design
using the Systemic Futures Dialogue. This conceptualisa-
tion of systemic change tensions generates opportunities to
critically reflect on whether sociotechnical change might re-
inforce existing behaviours or realise a collectively desirable
future.

Through these contributions, we offer a reproducible approach
for researchers to collaboratively examine how technological inter-
ventions may impact a social system. In the long term, we hope this

work enables more reflexive design practices that question whether
technological interventions support or hinder collectively desired
futures.

2 RELATEDWORK
2.1 Systemic Design and its Application in HCI
Systemic design is an emerging practice that aims to address com-
plex social challenges by identifying opportunities for change [32].
As outlined in the Systemic Design Toolkit [31], systemic design is
informed by both systems thinking and design thinking practices.

The systems-thinking [32, 44] aspect of systemic design encour-
ages designers to see problems as part of interconnected systems
rather than isolated issues. Donella Meadows, a pioneer of systems-
thinking, defines a system as “an interconnected set of elements
that is coherently organised in a way that achieves something. . .
a system must consist of three things: elements, interconnections,
and a function or purpose” [44, p.11]. For example, elements within
an Architecture, Engineering, and Construction (AEC) sociotechni-
cal system might include architects, engineers, builders, regulators,
and consumers, which are interconnected through flows of infor-
mation, materials, and finances to fulfil its purpose of delivering
safe and functional built environments.

The design thinking components of systemic design situate
knowledge about a system within an iterative and participatory
design process. Design thinking provides tools for exploring how
interventions at particular leverage points might influence a sys-
tem. Leverage points, as defined by Meadows, describe aspects
of a system that can be used to influence its behaviour, where a
small change in one area can produce a major enduring change in
another part of the system [32, 44]. For example, a leverage point in
AEC sociotechnical systems could increase the number of available
skilled workers to meet the demand for building new homes (see
Table 1 for other examples of leverage points in AEC sociotechnical
systems). Using design thinking methods, the systemic designer
might ideate interventions to bring these leverage points into play,
such as incentivising high school recruits to join the AEC indus-
try with education discounts or by investing in robotics that help
ageing workers continue to contribute their skills in less physically
demanding ways. In systemic design, designers iteratively explore
and prototype such interventions, aiming to understand how these
decisions impact the health and behaviour of the wider system
[31, 32, 53].

Systemic design has gained traction in global design communi-
ties; most notably, the Design Council recently adapted their Double
Diamond framework to accommodate Systemic Design methods1.
However, to our knowledge, there are only a handful of papers
that apply Systemic Design in HCI, with these usually relating to
sustainable design [9, 27] or methodological research with HCI
specialists [2, 10, 35].

Similarly, Transition Design [29, 33] has been proposed as a
design paradigm that advocates for long-term, systemic societal
transitions toward more sustainable futures. It emphasises the role
of future-oriented visioning, theories of change, and multi-level
interventions across sociotechnical systems. However, while Tran-
sition Design outlines the need to connect short and long-term
1https://www.designcouncil.org.uk/our-resources/systemic-design-framework/
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Table 1: Categories of leverage points and illustrative ex-
amples, inspired by [10], that seek to address a shortage of
skilled workers in the Architecture, Engineering and Con-
struction (AEC) industry.

Category Examples of leverage points in AEC

Acting on the
constants and
parameters of
the system.

Incentivising senior school recruits to join the
AEC industry.

Acting on feed-
back loops and
delays.

Creating a support program for women enter-
ing the AEC industry, who then encourage other
women to join the industry. Alternatively a time
delay for workers leaving the industry by cre-
ating opportunities for ageing workers to apply
their skills in less physically demanding roles.

Changing infor-
mation flows
or system
rules.

Outreach programs that inform senior school
graduates and female recruits about the oppor-
tunities of working in the AEC industry, or us-
ing government incentives to ensure businesses
train people to meet the demand for skilled work-
ers.

Changing the
systems’ goals
or its underly-
ing worldview.

In a more drastic example, instead of protecting
jobs the government might prioritise automat-
ing as may jobs as possible, thereby reducing
demand for skilled workers and in conjunction
the price of building homes.

interventions, there is limited guidance in HCI literature that shows
how HCI-specific design methods should be sequenced or orches-
trated in practice. Our work builds on the Transition Design agenda
by introducing a structured approach to interleaving systemic and
speculative design, and by contributing a novel epistemic output,
systemic futures tensions, that help make such transitions possible
in HCI.

As articulated by Bornes et al. [10], the characterisation of sys-
temic design, as organisational and social, ignores how the design
of specific artefacts, products, and services can impact a broader
system. Indeed, Lin and Villari [36] suggest that systemic design,
service design, and speculative approaches can “help service de-
signers to deal with more systemic and future-related problems”
[36, p.1]. For example, how the introduction of construction ro-
botics might change the type of trade skills required for building
structures in the AEC industry. However, there are no HCI-specific
papers that focus on the overlap of systemic and speculative design
at the level of human interactions with digital technologies.

2.2 Elements of Speculative Design
Informed by critical practices from art, the humanities, and social
sciences [50, 61], speculative design aims to “challenge narrow as-
sumptions, preconceptions, and givens about the role products play
in everyday life” [21, p. 33]. To do so, the method creatively extrapo-
lates present-day trends and technological innovations to question
societal values [1]. For example, Auger’s [1] fictional Audio Tooth
Implant imagines a reality where society’s progressively shrinking

computer chips can be implanted in a tooth. Their designed acrylic
tooth that encases an electronic chip and the accompanying jour-
nalistic articles invite people to consider the relationship between
technology and the human body. While some of the viewing public
welcomed the imagined product’s convenience, others refuted a
world where humans are synonymous with machines. This spec-
ulative approach is not concerned with measuring the usability
or efficiency [3] of a real ‘audio tooth implant’. Instead, it aims to
generate knowledge by provoking conversations about what people
value or desire for the future, as well as how technologies reinforce
or obscure these aspirations [21, 26].

Although speculative design has become a prominent approach
in HCI, a common criticism of the method is its lack of clarity about
what constitutes “good” or “bad” speculative design [50]. In HCI,
there are a number of related approaches (e.g. design fiction [8,
18, 56], critical design [3], speculative enactments [22], fabulation
[55], or material speculation [58]) and frameworks (e.g. the futures
cone [11, 21, 25] or alternative presents[1, 17]) that designers might
apply to structure their speculative design process. These might
include written forms like future-based scenarios (e.g. [47]) or other
narrative-based works (e.g. [41]), fictional products or services
(e.g. [12]), performative outputs or materials that are empirically
evaluated (e.g. [22]), and even fictional research papers (e.g. [39]).
Understandably, these diverse possibilities have attracted criticism
that there is little standardisation and clarity about what speculative
design is and is not [4, 20, 28, 38, 42, 50, 62], making it difficult to
review the quality of the research contribution [5, 40].

Acknowledging these challenges, Ringfort-Felner et al.’s [50]
recent review of speculative design research in HCI and resulting
descriptive taxonomy highlights the common qualities associated
with “good” speculative design. Importantly, the authors caution
readers against using the taxonomy as a checklist. Instead, it offers a
shared vocabulary for designers to decide what kind of knowledge
they aim to generate, based on the specific design context and
cultural norms they seek to interrogate. Their taxonomy outlines
nine qualities categorised into three types (speculative, discursive
and process) that make “good” speculative design:

(1) speculative - includes fictional, critical, and socio-political
qualities of the speculative design that distinguish it from
forms of affirmative design, which focus on problem-solving
or increasing consumption,

(2) discursive - includes experienceable and thought-provoking
qualities, and

(3) process - includes grounded, participative, reflected or well
thought-out design processes, and playful or creative qual-
ities that strike a balance between creativity and method-
ological rigour.

In this paper we use the qualities within this descriptive taxon-
omy to structure how speculative design can complement systemic
design and vice versa.

First, to address historic challenges for grounding speculative
design, we explain how systemic design can be used to link this
speculation to empirical data about how the sociotechnical system
operates (Section 2.3). We then describe how the fictional and crit-
ical aspects of speculative design can be used to critically reflect
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on the leverage points, in an otherwise pragmatic approach to fu-
turing in systemic design (Section 2.4). Finally, we argue that the
participative quality of speculative design can be achieved with
a combination of designer-led and collaborative activities (Sec-
tion 2.5). When carefully orchestrated alongside systemic design
practices, it is possible to strengthen a collaborative approach to
speculation, an area that has historically been difficult to achieve
in a corporate setting [51, 61].

2.3 Grounding Speculative Design with
Systemic Design

Several scholars argue that speculative design must do more than
imagine distant futures. It needs to be grounded in the present, ex-
trapolating existing social and technological trends to expose their
possible trajectories. As Auger [1] argues, envisioning the distant
future holds conjectural baggage, “playing to spectacle and tech-
nocentric dreams rather than being based on logical trajectories or
contained by the rules of real life” [1, p.12]. Instead, he advocates for
alternative presents where design proposals “utilise contemporary
technology but apply different ideologies or configurations to those
currently directing product development” [1, p.12], acting as “a
form of cultural litmus paper” [1, p.13].

The identification of behaviours in a system can help to ground
socio-political qualities of speculation. As several scholars argue
[1, 37, 62], grounding speculative artefacts in existing empirical
findings and theoretical ideas is important. Ringfort-Felner et al.
[50] stress the importance of grounding in speculative design to
create artefacts that have relevance, reliability and credibility in
academic and societal debates. However, it is not entirely clear how
to do this in a robust and systemic way.

The application of feedback loops in systemic design can pro-
vide a useful mechanism for grounding speculative design in real-
world sociotechnical system dynamics. Feedback loops are used
in systemic design to understand trends and behaviours of macro
phenomena. In systems thinking, feedback loops describe recur-
ring chains of cause and effect in which actions produce outcomes
that, in turn, reinforce or counteract the original behaviour [44].
Reinforcing feedback loops amplify existing dynamics [44], such as
a continued influx of construction projects putting further pressure
on the demand for skilled workers. In contrast, balancing feedback
loops stabilise systems by constraining change, for example, training
and/or attracting skilled workers from other countries, balancing
their demand. Feedback loops offer a mechanism for grounding
speculative design in present-day dynamics by making explicit how
current trends operate and helping the designer to imagine the
political or social consequences that might occur as these feedback
loops intensify or break down.

Importantly, design researchers [1, 50] stress that successful
speculative design demands a careful balance of analysis of the
present and imaginings of the future. If the speculative designs
stray too far into the future, they will be alienating, and if they
are too obviously plausible, they will lack the ability to challenge
existing beliefs and inspire discourse. While systemic design could
help to ground speculation, its pragmatism could risk designs taking
on a more normative short-term appeal; a balance that is difficult
to strike. This paper attempts to provide a structured approach that

helps researchers navigate critical imaginings of the future and the
pragmatics of systemic change.

2.4 Fictional and Critical Qualities of
Speculative Design Enhance Systemic
Design

Imaginings of the future are a vital aspect of speculative design.
However, contrary to common assumptions, speculative design
does not aim to predict the future. Instead, it uses the future as
a mechanism to suspend disbelief [21]. By designing for a reality
yet to occur, researchers can move beyond expectations since the
future is ultimately unknown and holds multiple possibilities [11].
Dunne and Raby, who helped to popularise speculative design, were
interested in what makes a preferable future “preferred” for differ-
ent groups of people and how “working with experts, including
ethicists, political scientists, economists, and so on, generate fu-
tures that act as catalysts for public debate and discussion about the
kinds of futures people really want” [21, p.6]. Importantly, the tra-
dition of speculative design aims to move beyond future-proofing
or solution-finding for the fickle future, and instead uses these fu-
turing frameworks to understand what society values and critique
why this might be.

While Systemic Design engages with futuring practices, by itself,
it lacks critical orientation. Systemic design excels at mapping com-
plexity, identifying feedback loops, and revealing leverage points
within existing structures [31, 36]. However, it risks reinforcing
prevailing assumptions by optimising existing practices or realising
unchallenged desired futures [36]. Speculative design complements
this by introducing critique as a mode of inquiry. As Lin and Villari
[36] argue, speculative approaches can surface tensions, uncertain-
ties, and conflicts that systemic analyses alone may render invisible,
enabling collective reflection on long-term implications beyond im-
mediate feasibility. Similarly, Borne [9] demonstrates how systemic
models, such as causal loop diagrams, can act as conversational
artefacts that support debate and scenario comparison, a role that
speculative artefacts further extend by making potential conse-
quences legible as real objects. In doing so, speculative critique
helps researchers move from system-level insights to a critical ex-
amination of how system interventions with technologies may
reinforce or disrupt existing patterns in a sociotechnical system.

2.5 Interleaving Speculative Design Leadership
with Participatory Systemic Design

A common criticism of speculative design is its designer-led orien-
tation, which risks foregrounding a singular, and often privileged,
vision of how society should function [43]. Prior work shows that
speculative practices are frequently conducted by a small group of
experts whose perspectives, values, and assumptions shape both
the framing of futures and the technologies imagined [14, 19, 43].
In particular, Arturo Escobar’s [23] critique of development as a
discourse that “made the Third World” (and can be “un-made”)
stresses the need to interrogate how design practices construct par-
ticular futures and marginalise others. This tendency to design for
rather than with(in) sociotechnical systems can obscure how sys-
tems operate in practice and risk reproducing existing inequalities
[36]. Such top-down approaches sit uneasily with systemic design,



Systemic Futures: Integrating Critical Speculation and Systemic Design Pragmatism DIS ’26, June 13–17, 2026, Singapore, Singapore

Table 2: Comparison of systemic design and speculative de-
sign across key dimensions, informed by [1, 10, 21, 32, 50].

Dimension of
Primary Focus

Systemic Design Speculative
Design

Time-horizon Present Future
Analytical scale Macro Micro
Mode-of-inquiry Collaborative &

Empirical
Design-led &
Conceptual

Purpose Pragmatic
outcomes

Critical reflections

which depends on participation from system representatives to
understand macro-level dynamics.

HCI research has increasingly explored participatory speculative
design to broaden the perspectives that inform future imaginaries
[14, 19, 51]. However, prior studies show that greater collaboration
alone does not resolve key challenges. Participants may remain con-
strained by their own experiences [19], struggle with the ambiguity
of speculation, or revert to normative thinking [13], particularly in
corporate or novice settings [51]. These findings suggest a tension
between democratising speculation and the expertise required to
meaningfully challenge dominant assumptions when speculative
design is carried out by itself, albeit in collaborative ways. Our work
explores what might happen when speculative design is retained as
a designer-led activity, and instead informed by collaborative activi-
ties inherent to systemic design carefully sequenced and interleaved
with speculative designer-led practices.

2.6 Summary of Comparison between Systemic
Design and Speculative Design

In summary, Speculative design and systemic design offer distinct,
yet complementary, ways of engaging with complex sociotechnical
challenges. Table 2 summarises their primary foci on dimensions
of Time-horizon and Scale-of-analysis, Mode-of-inquiry and
Purpose.

Both approaches incorporate the present and the future time
horizons to varying degrees. Speculative design typically pushes
beyond the immediate present to explore futures which are distant
[21], alternative [1], or even preposterous [30], using fiction and
imagination to suspend disbelief and provoke critical reflection. In
contrast, systemic design is more firmly anchored in the present
[36], focusing on existing structures, behaviours, and feedback
loops in order to understand how systems currently operate and
where intervention may be possible [10]. While systemic design
may incorporate future scenarios [32], these are usually constrained
by plausibility and grounded in observed dynamics rather than
deliberately exaggerated or provocative futures [36].

The two approaches also differ in their analytical scale. Systemic
design explicitly adopts a macro-level perspective, examining rela-
tionships between multiple entities and resources within a complex
system [44]. Speculative design in HCI, by contrast, often operates
at a micro-level, examining human interactions with particular
technologies and the experiential, ethical, or normative implica-
tions of those interactions [61]. Although some speculative projects

extrapolate these interactions to broader societal concerns [26], this
systemic perspective is not always made explicit or analytically
structured.

Differences are also evident in their mode-of-inquiry and how
participants are engaged. Participation is foundational to systemic
design, which relies on the involvement of system stakeholders to
surface diverse perspectives and to build shared understanding of
complex dynamics [32]. Speculative design, historically, has been
more designer-led, with designers crafting artefacts or scenarios
that invite interpretation and debate [21, 43]. While recent work
has increasingly explored participatory speculative approaches
[14, 19, 24], tensions remain between the expertise required to
challenge dominant assumptions and the desire to democratise
future-making.

Finally, the two approaches diverge in their primary purpose and
outputs. Speculative design is oriented toward critical discourse, so
its artefacts are intended to question values, expose assumptions,
and provoke debate rather than propose immediately actionable
solutions. Systemic design, by contrast, is more explicitly pragmatic,
aiming to identify leverage points and inform interventions that
can be implemented within existing systems

The complementary differences between systemic design and
speculative design suggest an opportunity to combine thesemethod-
ologies. The result is the Systemic Futures Dialogue, which carefully
orchestrates systemic and speculative design activities and gener-
ates a novel output, systemic future tensions. Generated through
the careful sequencing of the dialogue activities, designers structure
their inquisition so that they follow the “golden thread” [7] of infor-
mation; from micro insights in the present, to building macro-level
system dynamics, extrapolating this out to imagine macro futures,
then realising these as micro-level technologies. As a result, the
tensions capture contradictions exposed by considering both the
macro-level pragmatism and collaborative orientation of systemic
design, with micro-level and critical designer-led speculation.

3 INTRODUCING THE SYSTEMIC FUTURES
DIALOGUE

We introduce the Systemic Futures Dialogue (Figure 1), which inte-
grates HCI traditions in speculative design with systemic design
practices. It provides a framework for designers and industry stake-
holders to navigate the differences between systemic and specu-
lative design in complementary rather than conflicting ways. In
doing so, it offers a structured way for community representatives
and HCI researchers to collaboratively examine how specific tech-
nologies may either disrupt or reinforce entrenched patterns of
behaviour within sociotechnical systems. Finally, it responds to
long-standing challenges in applying speculative design in indus-
trial contexts [61] by providing a practical means for organisations
to engage in critical reflection.

The framework was inductively generated from a reflection on
the design work we performed with the AEC industry, drawing
inspiration from research through design traditions [28, 62], and
from existing literature that indicates an opportunity to combine
macro-level methods from systemic design with HCI traditions in
speculative design [10, 36]. Reflecting on our design process, arte-
facts, and existing literature helped us articulate what it means,
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in practice, to carry out systemic and speculative design in con-
junction with industry participants. The Systemic Futures Dialogue
captures these reflections.

We used the dimensions in Table 2 to motivate the Systemic
Futures Dialogue. The framework is structured as a 2x2 matrix,
which positions the different design foci along two axes: present-
future on the x axis and micro-macro on the y axis. In each
quadrant, particular design activities are carried out, sometimes in
parallel or independently. Some quadrants adopt a more collabora-
tive approach, inspired by systemic design, while others are more
designer-led according to speculative design traditions. Researchers
move in a 360-degree motion from the [present, micro] quadrant to
[present, macro], across to [future, macro], which is then disrupted
by critical debate in the [micro, future], feeding back into the [mi-
cro, present]. These steps can also be described as Observe, Model,
Extrapolate and Critique.

The dialogue culminates in the final stage, Reflect, where de-
signers compare outputs from the Critique phase to the pragmatic
solutions developed in the Model phase. The result is a set of sys-
temic futures tensions, which interrogate the consequences of
the proposed systemic changes by identifying how their projected
outcomes may be at odds with collectively desired futures. Once
reflect is reached, researchers might start once again at observe to
probe for a deeper understanding of the sociotechnical system if sig-
nificant tensions are found between desirable futures and proposed
systemic change.

3.1 Observe [Micro, Present]
The Systemic Futures Dialogue begins in the bottom-left quadrant
of the framework, which represents a micro-level focus on the
present. As is common in many design research traditions [37], the
methods employed in this starting quadrant are oriented toward
discovery and sense-making, with the aim of understanding the
existing design space. These methods may include user interviews,
ethnographic observation, contextual inquiry, diary studies, and
desktop research, all of which seek to understand individuals’ lived
experiences with current technologies. Gathering these insights
from a range of different actors in the system (e.g. in our AEC case
study, industry representatives from the regulatory bodies, com-
mercial companies, unions, as well as educators) helps researchers
develop an empirically grounded understanding of dynamics across
the broader system. It is possible that different starting points in
the dial exist, and we leave this open to the research team to decide
according to the unique challenges they face.

3.2 Model [Macro, Present]
Moving to the second quadrant, model [macro, present], the
focus shifts from individual experiences to a system-level view of
current conditions. Insights generated in the observe quadrant are
synthesised to model how resources (e.g. knowledge, money, ma-
terials, or other forms of capital) flow through the system, and to
identify feedback loops that reinforce or counterbalance existing
behaviours. At this stage, a representation of the system is col-
laboratively created and validated with industry participants, and
potential leverage points for positively influencing the system are
identified.

A range of system-modelling techniques may be employed, in-
cluding causal loop diagrams [57], systems mapping [31], stock-
and-flow diagrams [44], leverage analysis [46], and gigamaps [53].
In practice, systemic designers often rely on the systems mapping
process articulated in the systemic design toolkit [32]. This involves
a collaborative approach to mapping out the variables and causal
loops in a system, then identifying. By doing so, researchers can
zoom out to see how challenges that appear discrete at the micro
level are interconnected. Working in the [macro, present] quad-
rant makes visible how interventions in one part of the system
may generate unintended consequences (both positive and nega-
tive) elsewhere, supporting more informed and responsible design
decisions.

3.3 Extrapolate [Macro, Future]
In the third quadrant, extrapolate [macro, future], insights from
the preceding quadrants are used to collaboratively imagine alterna-
tive futures at the level of the whole system. Here, the present-day
system is placed into hypothetical conditions to explore how its
structures, relationships, and feedback loops might evolve, intensify,
or break down over time. Rather than predicting outcomes, this
quadrant focuses on extrapolating existing dynamics to examine
their potential consequences under different future conditions.

Futuring frameworks such as the Futures Cone [25], which dis-
tinguishes between probable, plausible, possible, and preposterous
futures, or Candy’s Future Arcs [11], which consider trajectories
of growth, collapse, discipline, or transformation, might be used to
structure this exploration. These frameworks help designers sys-
tematically extend present-day trends into alternative system-level
futures. The resulting scenarios may take the form of narratives,
storyboards, or other high-level representations that describe how
work, practices, or processes unfold in the extrapolated future.

Crucially, these future-based scenarios are grounded in the sys-
tem dynamics articulated in theModel [macro, present] quadrant.
They are generated by asking “what if” questions about how the
identified feedback loops might respond to changes introduced at
different leverage points. For example, how a reinforcing feedback
loop might shift if a leverage point identifying new government
policies is pulled to accelerate technology adoption. As a result, the
scenarios remain deliberately macro in scope, focusing on systemic
patterns rather than individual interactions.

This quadrant draws on both systemic and speculative design
traditions. From systemic design, it inherits a concern for coherence
and continuity with present-day dynamics; from speculative design,
it adopts an orientation toward imagining futures that may extend
beyond strict plausibility in order to surface values, desires, and
points of critique. In doing so, the extrapolate quadrant enables
designers to reflect critically on present-day actions by examining
their long-term systemic implications.

3.4 Critique [Micro, Future]
In the final quadrant, Critique [micro, future], the system-level
futures developed in the previous Extrapolate [macro, future]
quadrant are translated into micro-level interactions with specific,
imagined technologies. Here, speculative artefacts are created to de-
pict how individuals might interact with these technologies within
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Figure 1: Using the Systemic Futures Dialogue, design practitioners move between observe > model > extrapolate > critique >
reflect. The output of each quadrant informs the next, building a multi-layered approach that considers both macro systemic
trends and micro opportunities to actively shape the future through the present.

the future worlds articulated by the scenarios. This quadrant draws
most strongly on speculative design traditions, and the artefacts
may take a variety of forms, including sketches, low- or high-fidelity
prototypes, and design fictions such as artefacts from the future
(e.g. newspaper clippings, policy documents, or product advertise-
ments).

We propose that the creation of these speculative artefacts is
primarily led by the design researcher, drawing on their design expe-
rience to craft artefacts that are conceptually provocative. However,
crucially, these artefacts are not developed in isolation and are in-
formed by the participatory insights generated in earlier quadrants.
One of the aims of the Systemic Futures Dialogue is to ground
designer-led speculative design in participatory insights of the sys-
tem, developed through systemic design activities.

Once created, the speculative artefacts can function as probes
that are reintroduced to participants to elicit reflection and dis-
course. Participants are invited to discuss whether these imagined

technologies align with or challenge their desired futures and why
this is so. To be effective, the artefacts must “strike a balance be-
tween creativity and methodology rigour” and encourage discourse
that surfaces underlying values rather than prompt affirmative
design qualities that focus on problem solving or increasing con-
sumption [50]. These discussions enable critical reflection about
how future technologies inform everyday practices and societal
norms.

3.5 Reflect [tensions between Micro-Future and
Macro-Present]

Finally, by looking diagonally across the Critique [micro, future]
and Model [macro, present] quadrants, researchers can instigate
reflection between future-oriented critiques and present-day system
dynamics. This reflection focuses on interpreting what the critical
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discourses elicited by speculative artefacts imply for the leverage
point solutions identified in the current system.

This reflection phase generates systemic futures tensions that
articulate the trade-offs between participants’ desires for the future
and the actions or interventions that appear most feasible or influ-
ential in the present. Importantly the tensions do not emerge simply
undertaking systemic design and speculative design as separate
activities. The systemic futures tensions are informed by both the
forces at play within the system and speculative critique, through
careful sequencing that helps the designer move between micro and
macro perspectives, as well as pragmatic and critical perspectives.
This makes it possible to identify the contradictions between macro-
level systemic change and the micro-level materialisation of this
change, as technologies sent from the future. The practical reality
of examining the proposed solutions, helps to surface aspirations
that may be at odds with the more abstracted [macro, present]
propositions for systemic change, exposing where solutions require
deeper investigation.

For example, industry leaders may identify leverage points that
prioritise productivity in the present system, while simultaneously
expressing a desire for futures that avoid burn out, from constantly
churning out products at an increased pace. Rather than treating
such tensions as problems to be solved, we invite researchers to
examine whether present goals and future desires are genuinely
incompatible, to explore why they might conflict, and to consider
how present-day actions need to change to create a future that
balances the values and needs of diverse actors within the system.

4 CASE STUDY AND DESIGN APPROACH
In this section, we illustrate our approach through a project that
used the Systemic Futures Dialogue to investigate future work
practices in the Architecture, Engineering and Construction (AEC)
industry.

4.1 Challenges in the Architecture Engineering
and Construction Industry

Globally, the AEC industry is essential for creating and maintain-
ing infrastructure that supports basic human needs. However, the
industry has come under increased scrutiny due to a lack of sus-
tainability, safety and productivity improvement. The perceived
stagnation of the AEC industry across different work facets has
attracted interest in how “Industry 4.0” innovations can improve
the way work is done. Although Industry 4.0 has varying inter-
pretations [34, 45, 48], we broadly define it as a technological and
organisational transformation resulting from advancements in dig-
itally powered inventions [34].

Digital innovation has also supported the development of new
work methods and processes. One prominent area, generally re-
ferred to as Modern Methods of Construction (MMC), encompasses
a broad range of innovations, most of which aim to move construc-
tion work from onsite to offsite factories [49]. MMC is a system
that involves product innovation (e.g. panellised walls), innovation
to processes (e.g. lean logistics), digital tools (e.g. BIM), changes
involving integrating design with manufacture, and an integrated
supply chain. It includes approaches like modular building and
prefabrication [49], where standardised sections, such as entire

bathrooms or individually fabricated parts, are built in a factory be-
fore being transported and installed on the construction site. These
approaches are attractive as they “offer potential for reductions
in cost, time, defects, health and safety risks and environmental
impact and a consequent increase in predictability, whole life per-
formance and profits" [59, p. 1]. While concepts like prefabrication
date back to London’s Crystal Palace in the 1850s, Industry 4.0
technologies, particularly robotics, have made it more feasible to
scale these approaches and heralds the beginnings of industrialised
construction that adopts a factory driven process of production
with a revised set of skills and capabilities for its workforce.

Although Industry 4.0 has been regarded as an opportunity for
innovation in the AEC industry, there are several challenges to
its adoption. The most critical issues include access to training
programs that includes relevant technologies and new production
methods, mental health and wellbeing, shortages of skilled labour,
cost of technology investment, devaluation of traditional skills,
fragmented services and project processes, as well as legal and
regulatory barriers [15, 54]. These challenges are systemic, mean-
ing they have multiple factors across different entities and groups
of people across the industry that influence them. For example,
access to training is impacted by various social factors, including
government funding, paid time-off for workers, cost of educational
resources, awareness of programs and availability of qualified in-
structors. Since systemic issues are often ambiguous and slow to
evolve, progress toward meaningful change has not been as rapid
as some expected [48, 54]. With looming societal pressures, like a
global housing crisis, the AEC industry is under pressure to address
these challenges and see improvements as a collective.

4.2 Case Study Research Objectives
This 18-month case study examined how emerging technologies
may shape future work practices in the building and construction
industry, with a particular focus on what makes technological in-
terventions desirable for both workers and organisations. Working
with industry partners across commercial construction, building
services, prefabrication, regulation, education, and labour unions,
the study aimed to surface the systemic forces that enable or con-
strain innovation and to identify future opportunities for improving
working conditions and productivity.

Specifically, the case study sought to: (1) explore how emerging
technologies may impact future work practices and working con-
ditions across diverse roles and skill levels; (2) inform strategies
for managing transitions in work practices associated with tech-
nological change; (3) examine implications for skills, training, and
workforce development, including risks of deskilling and challenges
of attracting, retaining, and transitioning skilled workers; and (4)
identify how technological adoption might be leveraged to enhance
productivity while supporting fair and sustainable industrial rela-
tions.

4.3 Participants
The project involved 17 representatives from different areas of
the architecture, engineering, and construction (AEC) industry. In
Appendix A.1, we provide an overview of the participants’ back-
grounds and their involvement across the various phases and steps
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of the project. These participants represent a diverse cross-section
of specialisations, which helped us gather information about the
AEC industry and test our ideas from a variety of different angles.
Before the research phase, participants were asked to review a plain
language statement and sign a consent form. Participants were not
reimbursed for their participation, since the research was sponsored
by their organisation and carried out during their regular working
hours.

4.4 Method
We developed the Systemic Futures Dialogue as an approach to
identify the system-level influences across the AEC industry and
to critically engage with future possibilities of work practices. A
summary of the method’s phases and steps is shown in Figure 2.

4.4.1 Observe [Micro, Present] - Interviews and Desktop Research.
We began with semi-structured interviews with industry repre-

sentatives (n=9) from regulatory, commercial, and education sectors
within the AEC industry. The interviews were informed by desktop
research of the issues facing the AEC industry and addressed three
broad areas: (1) The primary concerns regarding the impacts of
Industry 4.0; (2) How they are responding to the concerns; and (3)
What new technologies are likely to be introduced and any expected
challenges from their use. Each interview lasted approximately 90
minutes.

Interviews were transcribed and analysed using Dovetail2 fol-
lowed by Reflexive Thematic Analysis (RTA) [16]. Analysis was
conducted inductively by the first author, who drew on both the
desktop literature and prior experience working in organisational
contexts. The process involved familiarisation with the data, line-
by-line coding, and iterative clustering of codes into themes. To
support reflexivity and grounding, these themes were reviewed and
discussed with industry stakeholders (n=6), who contributed their
own interpretations of the findings. This phase generated founda-
tional insights into subjective present-day concerns and priorities,
which informed subsequent design activities.

4.4.2 Model [Macro, Present] - Systems Map.
To develop a macro-level understanding of the AEC industry,

we constructed a systems map representing the industry as a so-
ciotechnical system. We adopted a systemic design approach that
emphasises practical sense-making and visual synthesis. In particu-
lar, we followed the Systems Mapping Academy’s toolkit3 to create
a representation of the system as it exists today.

The systems map was initially developed by the first author
and validated by industry stakeholders (n=6). The process began
by defining the system boundaries, focal challenges, and guiding
research questions, drawing on findings from the Observe [micro,
present] phase. We then identified key variables, which are nodes
within the system representing tangible or intangible resources (e.g.
levels of skill, capital, wellbeing, or regulation), and mapped causal
relationships between them. These relationships indicate influence
rather than sequence, distinguishing the map from a process or
flow diagram.

2https://dovetail.com/
3https://www.system-mapping.com/

Variables and relationships were refined through multiple itera-
tions until the research team agreed the map captured the system’s
key dynamics. Reinforcing and balancing feedback loops were then
identified and analysed. Finally, the research team collaboratively
identified thematic regions within the map and developed narrative
descriptions to communicate how different parts of the system in-
teract. The map was validated and refined based on feedback from
industry participants.

4.4.3 Extrapolate [Macro, Future] - Scenario-Based Design.
Building on insights from Observe [micro, present] and Model

[macro, present], we developed a set of future-based scenarios to
explore how the system might evolve under different conditions.
Scenario development was structured using Candy’s Future Arcs
[11], which articulate four possible trajectories: continuation of
current trends, discipline through regulation or incentives, transfor-
mation through new technologies, and systemic collapse requiring
radical change.

Each scenario examined how different regions of the systems
map might shift under these conditions, with particular attention
to the implications for workers’ pains and gains. These scenarios
were co-developed with industry stakeholders in a participatory
workshop (n=8) and iterated based on their feedback. These scenar-
ios focussed on systemic patterns rather than specific technological
interactions.

4.4.4 Critique [Micro, Future] - Speculative Probes.
Drawing on the scenarios generated in Extrapolate [macro, fu-

ture], the research team developed a set of speculative probes de-
picting micro-level interactions with imagined future technolo-
gies. These artefacts were intentionally designer-led, and developed
within the HCI research team to leverage design expertise to create
artefacts that balance provocation and plausibility. In later sec-
tions, we reflect on this choice and its implications for integrating
systemic and speculative approaches.

The speculative probeswere generated through a 1.5-hour ideation
workshop, in which the research team used the scenarios as prompts
to imagine technologies and practices associated with each future
trajectory. Using a diverge-converge process, researchers first gen-
erated ideas individually before collectively discussing and refining
them. Selected concepts were then further developed by the lead
researcher into speculative sketches. The speculative probes were
introduced to AEC industry stakeholders (n=11) in a participa-
tory workshop. Participants discussed what they found desirable
or undesirable about the probes and reflected on the values and
assumptions embedded within them.

4.4.5 Reflect - Affinity Mapping.
In the final collaborative workshop, industry participants (n=11)

reviewed the systems map, future-based scenarios, and specula-
tive probes. Participants first identified leverage points within
the present-day system and proposed potential interventions. The
workshop participants then worked in groups to discuss the sce-
narios and speculative probes, documenting what they perceived
as desirable or undesirable in each future. The four-hour workshop
was conducted in a hybrid format, with contributions captured
through a combination of physical and digital sticky notes. Using
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Figure 2: Summary of methods and participants involved in each design stage of the case study.

affinity mapping, the leverage points and desirable or undesirable
futures were summarised by the lead researcher post workshop.

Written data from the workshop was analysed using affinity
mapping. Notes related to present-day system interventions and
future-oriented reactions were clustered separately and themati-
cally analysed. The research team then compared themes across
the macro-present and micro-future perspectives, resulting in the
identification of three core systemic futures tensions. These ten-
sions articulate points where present-day opportunities for change
conflict with participants’ desired futures. These tensions are a
important generative output of the Systemic Futures Dialogue, ca-
pable of structuring future research agendas focused on navigating
and reconciling systemic trade-offs. These design tensions were
then validated in meeting with industry representatives (n=6).

4.5 Positionality Statement
This research was conducted as part of a collaboration between The
University of Melbourne and the Building 4.0 Cooperative Research
Centre (CRC), an industry-led initiative focused on advancing tech-
nological capability and working conditions in the Architecture, En-
gineering, and Construction (AEC) industry. The interdisciplinary
research team comprised of scholars from human–computer inter-
action (HCI), labour relations, and AEC domains, informing both
the framing of the research problem and its interpretation.

The first author identifies as a woman with a background in
co-design, HCI, and management consulting in both IT and AEC-
adjacent contexts. While she had prior experience working with
AEC clients, she had not worked directly within the industry, po-
sitioning her as a partial outsider. This influenced the study in

several ways: it required participants to articulate domain-specific
practices and assumptions, while also enabling critical distance
in questioning norms. Her professional experience informed the
design of participatory activities and speculative artefacts, as well
as the interpretation of participants’ responses. Additionally, her
personal experiences being in a cultural and gender minority within
male-dominatedworkplaces sensitised her to issues of inclusion and
belonging, though it may have limited her ability to fully interpret
gendered experiences outside her own.

The second and third authors identify as men with extensive ex-
perience in the AEC industry, contributing insider perspectives on
industry practices, constraints, and values. Their involvement sup-
ported the contextual grounding and validation of interpretations.
The fourth male author, also identifying as a man, and brought
expertise in industrial relations, shaping our analysis of labour dy-
namics, regulation, and power structures. The remaining authors
(two identifying as men and one as a woman) have backgrounds
in HCI and human–robot interaction, contributing expertise in
technological design and interactional analysis.

The combination of insider and outsider perspectives shaped the
formulation of research questions, the design of artefacts, and the
interpretation of findings. In line with Reflexive Thematic Analysis
(RTA) [16], the findings are understood as co-constructed through
the interaction between participants’ accounts and the first author’s
professional and experiential perspective, since they carried out
any initial coding of verbal or written data. The other co-authors
also brought their own positions to bare on the data, helping to
refine the final artefacts and design outputs, from different insider
and outsider perspectives.
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Power dynamics were present in multiple forms. Participants, as
industry professionals, held domain expertise, while researchers
shaped the structure of engagement and interpretation. Addition-
ally, the project was funded through an industry–academic partner-
ship. While academic researchers retained autonomy over research
design and artefact development, industry researchers made valu-
able contributions to defining research directions and priorities.
This collaboration informed and constrained the speculative out-
puts. Whilst the research aimed to investigated the intersection
of critical provocation with practical relevance (in line with prior
work on speculative design [1, 51]), it is possible that the industry-
academic collaboration led to more plausible speculative scenarios.

5 RESULTS
In this section, we report on the findings in each stage of the case
study. We present the artefacts and the knowledge they generated,
reflecting on how this knowledge iteratively informed each subse-
quent stage of the research process.

5.1 Observe [micro, present]
The reflexive thematic analysis of the academic expert and stake-
holder interviews surfaced several key themes that address to the
major concerns and priorities in today’s AEC industry:

(1) SKILLS: There is demand for skilled workers and a
push for greaterworkforce diversity.A shortage of skilled
labour is driving up project costs, while ongoing diversity
and inclusion challenges limit recruitment from a broader
talent pool of diverse abilities, experiences, and identities.

(2) TOOLS & PROCESSES: There is inconsistent adoption
and interoperability between tools and processes. Al-
though various digital tools and processes are being used
across the industry, a lack of integration leads to fragmented
data, inefficient information sharing, and record inconsisten-
cies.

(3) POLICY & CULTURE: The AEC industry has many dif-
ferent actors with competing interests, levels of digital
maturity, and appetite for change. While these differ-
ences make it challenging for people to collaborate, the right
policy and culture development can emphasise and support
their common goals.

(4) VALUES: Sustainability, safety, and quality are core
shared values in the AEC industry. In an environment
with competing agendas, reducing carbon emissions, improv-
ing worker safety and maintaining output quality are shared
goals across the AEC industry.

5.2 Model [macro, present]
The output of this stage was a systems map and a set of region
stories, which provide a macro representation of the present-day
AEC sociotechnical system. The complete systemsmap is very large,
and shown in a compressed format in the supplementary material
(Appendix A.2). A section of the systemsmap (which is more legible)
is shown in Figure 3. The figure illustrates key components of the
system map, including variables, feedback loops, regions, region
stories and leverage points, which come together to create a rich
understanding of AEC sociotechnical systems.
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Figure 3: Section of AEC Systems Map showing selection of
variables, reinforcing loops (R1) and balancing loops (B1)

The variables are individual nodes in the systems map and cap-
ture the movement of resources or value in the system. For example,
“amount of money to build a home”, “available skilled workers” or
“amount of building contracts” are all relevant variables. Insights
from observations, interviews and relevant prior literature are used
to connect the variables, with arrows showing how the different
variables positively or negatively influence each other.

Once the variables are mapped, feedback loops are identified.
Feedback loops exist where actions in one area, such as a new
technological breakthrough or a policy change, can have cascading
effects on others [44]. Two types of feedback loops were identified.
Reinforcing loops [R] connect variables that amplifies a pattern
same direction (e.g. in Figure 3 R1: a lack of diversity in the industry
creating a culture where recruits from different backgrounds feel
unsupported, leading to a reduced pool of potential employees
and continued pressure on the current workforce) and Balancing
loops [B] show flow of variables that create equilibrium (e.g. in
Figure 3 B1: as the demand for workers increases, government
funding encourages more students to join, this is balanced by an
ageing population who retire from the industry or those who leave
the industry).

Once all the feedback loops were named, the research team then
identified regions on the systems map that tell a story about the
dynamics in the AEC industry. These regions include: workforce
diversity, cost of building homes, education and reskilling, external
forces for change, awareness and access to new knowledge and tools,
and interoperability and information sharing (shown as coloured
regions in Appendix A.2)

In the participatory workshop, industry stakeholders identify
opportunities for change for each region, also known as “leverage
points" in systemic design practice [31]. A summary of these lever-
age points can be found in Figure 4. Using affinity mapping these
leverage points were placed on the systems (Appendix A.2).

The systems map visualises the interconnected challenges at the
macro level. It highlights how efforts to “solve" one challenge can
unintentionally create negative impacts elsewhere. This awareness
of consequences allowed us to think critically about how the system
might respond under different conditions, laying the groundwork
for future-based scenarios in [macro, future]. For example, without
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Figure 4: Leverage points, showing aspects of the AEC sys-
tems that could be modified to significantly influence an-
other part of the system.

adequate support for education and awareness, introducing new
technology to address a shortage of skilled workers could actu-
ally reinforce this scarcity, as current trends show that small and
medium-sized businesses may struggle to keep up with the cost
of upskilling and acquiring new technologies and processes. By
visualising these interconnected macro issues, the systems map
enabled us to tell a more complete story about how the system
might respond to change and to imagine alternative futures in our
scenarios.

5.3 Extrapolate [macro, future]
We created four future-based scenarios, informed by the insights
generated from the first two quadrants of the Systemic Futures
Dialogue (Observe [micro, present] and Model [macro, present]). The
scenarios were informed by micro-level insights from industry
participants on the use of technologies in work practices, as well as
a macro-level understanding of how industry challenges interact. A
copy of each scenario can be found in the supplementary materials.

5.3.1 Scenario 1 (probable) - Artificial intelligence (AI) pushes inno-
vation, for some.

This scenario (Figure 5) simulates a probable future, where we
continue on as-is [11], and AI is one of the few changes that impact
the system. In this future, it is assumed that present reinforcing
loops such as, “a lack of funds and resources to upskill workers"
(R2), “perpetuating knowledge gap" (R3), “low adoption reinforces
a lack of experience and infrastructure for change" (R6) and “low
evidence for tech adoption success" (R7) are strong enough to delay
the movement toward modern methods of construction. In this
world, onsite manual processes are unlikely to change.

However, in this scenario, large investments in AI can’t help
but impact the AEC industry in other ways. Upstream ‘knowledge
work’ is accelerated (B3) by the introduction of AI design tools like

building information modelling (BIM). Repetitive design tasks are
automated, but new challenges are created. For example, upskilling
staff in critical thinking skills and evaluative processes to reduce
the risk of AI hallucination errors. Unfortunately, the acceleration
of upstream services is not enough to reduce the cost of building
homes. Unaddressed reinforcing loops like a “self-perpetuating lack
of diversity" (R1) means the availability of skilled workers remains
low, negatively impacting the ability to deliver projects on time and
under budget (R8). In response, there are attempts to disrupt the
industry (R5). However, the introduction of new digital applications
only fragments the suite of tools further, leading to information
inconsistencies (R8), increased administrative tasks and licencing
fees.

5.3.2 Scenario 2 (plausible) - Government backs pre-fab.
This scenario (Figure 6) uses the idea of a system under govern-

ment ‘discipline’ [11] to imagine a future where pre-fab becomes the
norm, aided by government policy. In this future, the government
takes extreme measures to support the growth of prefabrication
work in off-site warehouses. Doing so circumvents existing issues
that heighten the perceived risk of technology and process adoption
(R4, R5, R7). Government-backed investment in specific technolo-
gies and education also aims to ensure the streamlined technology
adoption by circuit-breaking the “perpetuating knowledge gap"
(R3), “lack of funds and resources to upskill" and “siloed tech and
work processes".

In this future world, there are more job opportunities for people
with different abilities and skill levels, which takes the pressure
off demand for skilled workers (R8). A steady flow of contracts
and available workers offsets the cost of technology investment
required for prefabrication work (R8). The controlled warehouse en-
vironment supports incremental improvements, minimising waste,
over-ordering, and improving project efficiency. However, a drastic
shift toward prefabrication is not without its challenges. Although
the government provides opportunities for reskilling and educa-
tion, off-site manufacturing is not for everyone. Those who love the
outdoors, highly tactile or creative work may consider switching
industries, further reducing the number of workers with traditional
skills (R8). This could negatively impact the ability to pass on tacit
learning experiences in traditional skill areas, leading to issues
in end product quality and safety. In addition, on-site assembly
presents its own challenges, such as transporting larger materials,
particularly in volumetric prefabrication.

5.3.3 Scenario 3 (plausible-possible) - Everyone a subcontractor.
In this scenario (Figure 7), the system is ‘transformed’ [11] and

everyone in the AEC industry becomes a subcontractor in this
plausible-possible future. Pulling this lever highlights some of the
subcontracting challenges in the system. One of the obvious chal-
lenges oh subcontracting is the uncertainty around who will pay
workers’ superannuation, sick leave and other fair work benefits
(RS5). Scenario 3 suspends this challenge, moving beyond it to ex-
plore the benefits and risks in a world where worker benefits are
guaranteed by the subcontracting platforms.

Whilst there may be some deleterious effects, there are some
clear positives in this scenario. Subcontractors are more likely to
stay in the industry, as they feel supported to live a balanced life and
do their best work. They have the flexibility to manage their work
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Digital literacy has been increasing slowly. 
However, limited access to learning 
resources perpetuates the digital skills 
gap and hinders technology adoption.

The ubiquitous rise of AI has been used to 
automate repetitive tasks in areas like 
engineering, architecture and project 
planning, however, manual building tasks 
remain largely unchanged.

While AI has sped up some of the 
upstream tasks for projects, costs remain 
high as the demand for skilled on-​site 
workers is not met. Many of the 
government-​planned housing projects fail 
due to unforeseen challenges with 
budgets, leaving tax-​payers worse off.

1 Future-​based Scenario

Sanjiv
ARCHITECT

"AI has really opened up new possibilities 
in my designs, helping me quickly create 
innovative and sustainable buildings with 
embedded BIM data."

"Sometimes the AI produces impractical 
designs, but I've gotten pretty good at 
picking these up and I trust the engineers 
to check the measurements."

+

Age: 36
Skill-​level: Advanced

Age: 45
Skill-​level: Expert

Maria 
ENGINEER

"AI has really accelerated the design 
workflow and I'm impressed at how 
quickly my interns can write simple scripts 
to check measurements."

"I have to really double down on checking 
their outputs. Sometimes the AI 
hallucinates, which could throw off the 
entire build down the track. Critical 
thinking is key more than ever."

+

David
SITE MANAGER

Age: 35
Skill-​level: Intermediate

"The design team are very quick at providing 
files with a tonne of information. It takes some 
craft to realise their vision but I have a very 
skilled, hard-​working team. Quality builds take 
time."

"Unfortunately I've noticed that the information 
provided by the architect sometimes doesn't align 
with what the engineer sends me. Maybe it's 
because I'm not running the same software. It's 
just so expensive. Some of the older guys swear 
by pen and paper, even in this day!

+

In each service area, well-​meaning 
disruptors introduce new digital solutions. 
However, in doing so, they reinforce 
fragmented processes. Incongruent 
information often causes errors and 
additional work loads.

There has been some improvement in the 
number of female students. However 
without ongoing support and an inclusive 
culture, most women move to a different 
industry a few years later, contributing to 
a small pool of available workers.

AI pushes innovation, for some

Challenges
AI hallucination
Expensive tools
Fragmented file sharing

Values
Incremental change
Craftsmanship
Upstream acceleration

Contributing Trends
The ubiquitous rise of AI can't help 
but impact most industries.
Perceived wage, regulatory and 
financial risk of tech adoption and 
lack of access to resources and 
tools means manual work remains 
relatively unchanged.

Probable

Possible

Plausible

Perposterous

EDUCATION AND RESKILLING

AWARENESS AND ACCESS TO NEW KNOWLEDGE AND TOOLS

PERCEIVED RISK OF TECH & PROCESS ADOPTION

COST OF BUILDING HOMES

WORKFORCE DIVERSITY

FRAGMENTED PROCESSES AND INFORMATION SHARING

Figure 5: Scenario 1: Describes a probable futurewhereAI impacts theAEC industry, albeit for upstream services like architecture
and engineering only. This scenario speaks to the importance of awareness and education, critical thinking skills and a cohesive
approach to technology implementation, one that considers adjacent issues like the need for information interoperability,
workforce diversity and a desire for physical, outdoor trades.

The Federal Government has provided cash 
injections for small to medium enterprises to 
invest in new technology and education that 
will streamline services and uphold quality. 
However, investments must be in government 
approved software and technology, in a bid to 
limit further fragmentation.

Unions in the building and construction 
industry look very different post 2024's shake 
up. While an increase in available workers and 
pre-​fab production has dropped the cost of 
building homes, many skilled workers find 
themselves in fierce competition and at times 
unable to make ends meet or invest in the 
education required to be competitive in the job 
market.

2 Future-​based Scenario

In a bid to support their ambitious housing 
plans, Federal and State Governments 
work together to unify licensing 
regulations in support of pre-​fab.

In most states novice workers can be 
employed in pre-​fab warehouses to perform 
low-​risk tasks and there is a steady flow of 
contracts coming through to offset 
investment in technology.

More women and older generations are 
active in the workforce, thanks to 
technology that takes the strain off physical 
tasks. However, pre-​fab work isn't for 
everyone, people who love doing 
something new every day often end up 
switching industries.

Government backs pre-​fab

Challenges
A lack of workers skilled in DfMA and 
Lean methods
Licensing and demarcations
Job losses for skilled workers
Government backing the wrong 
technology in their investments
Loss of job satisfaction, mass career 
changes and loss of knowledge

Values
Innovation
Repeatability and continuous 
improvement
Inclusivity
Following regulation and rules

Contributing Trends
Renewed interest in pre-​fab 
methods
Housing crisis and intense pressure 
from the public
Controversy and scandal 
surrounding unions

Alana
WAREHOUSE WORKER

"I enjoy competing with my team at the 
warehouse to make our assembly faster 
and better each time. I transitioned to 
working in pre-​fab from retail. It paid 
better and the standard hours means I 
can schedule time with my family."

"Although the processes have made work 
easy to follow, sometimes I worry I'll get 
bored of doing the same thing. A lot of 
experienced people are leaving to pursue 
a different career."

+

Age: 29
Skill-​level: Novice

Age: 36
Skill-​level: Expert

Matt
WAREHOUSE MANAGER

"I'm proud of getting our warehouses to 
where we are today. It's really 
rewarding to track the incremental 
improvements and work closely with 
different teams."

"We could improve how we prototype the 
end-​to-​end process of our pre-​fab jobs, 
and putting items on trucks isn't exactly 
sustainable. Alternately, it's great that we 
have many people interested in pre-​
fabrication now, but it's challenging to find 
people with traditional skills who want to 
do this type of work."

+

Dianna
ARCHITECT

"It's a good challenge trying to 
design a beautiful, functional building 
from a set of components. I've also 
enjoyed learning product design skills 
and how to make sustainable 
buildings that are efficient to build."

"Sometimes I feel like I've lost 
some creative flare, which is what 
originally attracted me to this job."

+

Age: 38
Skill-​level: Advanced

Benson
ON-​SITE ASSEMBLY

"I've heard the move to pre-​fab has 
made working on-​site safer. 
Although, lifting flat-​packed walls or 
volumetric builds comes with their 
own safety risks. "

"It's a nightmare when something 
has gone wrong upstream. We all 
have to stop work for a week or so. 
Usually people end up taking other 
jobs, which is a pain for the site 
manager.

+

Age: 22
Skill-​level: Novice

Probable

Possible

Plausible

Perposterous

EDUCATION AND RESKILLING

AWARENESS AND ACCESS TO NEW KNOWLEDGE AND TOOLS

PERCEIVED RISK OF TECH & PROCESS ADOPTION

FRAGMENTED PROCESSES AND INFORMATION SHARING

COST OF BUILDING HOMES

WORKFORCE DIVERSITY

Figure 6: Scenario 2: Describes a plausible future the government brings in policies to back prefabrication methods of construc-
tion. This scenario captures the blockers for prefabrication, such as perceived risk of technology investment and access to
education, as well as the benefits and risks involved.

Australia's building and construction industry has 
undergone a radical transformation. The traditional 
employment model has been almost completely 
replaced by a subcontractor-​based workforce. This 
shift has been driven by technological advancements, 
digital disruption, and comprehensive regulatory 
reforms that support gig work with super, sick leave 
benefits and a mandated five-​day work week. However, 
companies often find themselves caught between 
multiple apps and struggling to make ends meet.

First popularised by Billie Eilish in 2029, additive 
construction has become synonymous with the new-​age 
home. It is now possible to buy a design and hire a 
project manager, all within a variety of online platforms 
that target investors and first-​home buyers. The project 
manager gets bonus points for picking diverse teams 
and quality work is incentivised by a rating system.

3 Future-​based Scenario

Everyone is a subcontractor 

Challenges
Small-​to-​medium business 
struggling to pay for different 
platforms.
Reduced worker satisfaction from 
intense productivity tracking, leading 
to reduced performance. 
Ensuring cyber security in a highly 
digital world.

Values
Innovation
Time and task tracking
Gamification
Data privacy

Contributing Trends
Regulation of gig work
Popularisation of micro-​credentials
The rise of "super platforms"

Probable

Possible

Plausible

Perposterous

Various social platforms give workers the 
opportunity to share their process and finished 
products using the latest tools and methods 
and influencers partner with larger 
educational institutions to run micro-​
credential courses. Working in the built 
environment, with physical outputs, has become 
more appealing to young people who crave 
something different to their online lives. As a 
diverse range role models become more 
visible, the amount of people interested in the 
industry begins to shift.

Nadia
EXECUTIVE

Age: 51
Skill-​level: Expert

"It's been great to see the industry take 
on more digital tools. Certainly there 
seems to be a lot more interest from a 
diverse group of young people in the 
industry. It's great they have so many 
visible role models."

"On the flip side, the increased use of 
digital tools has made the industry more 
vulnerable to cyber attacks. These 
attacks could be catastrophic if they 
tamper with information about the supply 
chain and building plans or compromise 
sub-​contractors' personal information."

+

Alex
SUB-​CONTRACTED BUILDER

Age: 28
Skill-​level: Novice

"Since I've started using the apps it's been 
a lot easier to plan my work around my side 
gig, spending time with mates and the fam. 
The platform's built-​in payment scheme  
means I worry less the weeks I don't get 
work. I even get a bonus if I finish the job 
ahead of time and up to standard."

"I sometimes worry about is how much 
data these people have on me. Also, one 
time I couldn't complete a job because the 
incorrect materials were provided and it has 
completely messed up my ratings."

+

Alice
PROJET MANAGER

Age: 38
Skill-​level: Advanced

"The sub-​contractor platforms have been 
a real game changer. It's a lot easier to 
scale up and scale down for projects 
now. I can also see ahead of time when 
there is free time in the system so that I 
can aim to book in builds when there is 
greater availability."

"However, to pay for worker benefits, 
using the platform is pretty expensive 
and I know a lot of companies who can't 
afford to subscribe. They already have a 
long list of subscriptions they need to 
use to even be in the game these days."

+

EDUCATION AND RESKILLING

AWARENESS AND ACCESS TO NEW KNOWLEDGE AND TOOLS

PERCEIVED RISK OF TECH & PROCESS ADOPTION

FRAGMENTED PROCESSES AND INFORMATION SHARING

COST OF BUILDING HOMES

WORKFORCE DIVERSITY

Figure 7: Scenario 3: Describes a plausible-possible future where the industry is transformed and everyone is a subcontractor.
This scenario suspends present day challenges for worker benefits and helps the reader to imagine alternate pros and cons of a
world where subcontracting is the norm.

schedule around their home life and can know ahead of time if a job
is ready for their services or what the availability of workers is for
their project (R8). The movement to digital also attracts a younger
audience accustomed to managing their lives through digital plat-
forms (RS2). However, this transformed world also comes with
its risks and limitations. In particular, the reinforcing loop “siloed

tech and work processes" (R8) in theme 6 “interoperability and
information sharing" is heightened (RS6). The variety of platforms,
along with ever-changing teams and workers, makes it even more
challenging to maintain information continuity during projects.
To improve accountability, the platforms introduce rating systems,
which create new power imbalances between workers seeking good
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ratings and their contractors. While the decentralisation of home
building gives customers greater cost-effective flexibility, it also
leaves them more exposed to risks without appropriate specialised
knowledge in building codes and processes.

5.3.4 Scenario 4 (possible) - Climate crisis and global conflicts force
change.

Scenario 4 (Figure 8) imagines the AEC industry under ‘collapse’
[11], where climate change and global conflict completely disrupt
the ability to create and maintain the built environment. In this
world, climate change and global conflict make it nearly impossible
for the system to function in its current form.

In this state of emergency, many of the current reinforcing loops
are circumvented. For example, feedback loops (R4, R5, R7, B2, B3)
in external forces for change (RS5) would likely shift since the
adoption of new processes and technology becomes imperative for
maintaining and building homes to keep people safe and healthy.
The cost of building structures (RS1) would likely become so in-
flated that the system has no choice but to find innovative ways to
upskill people and find newways to build andmaintain homes more
cheaply. Challenges with workforce diversity (R1) become almost
irrelevant since anyone who can help in this disaster situation will.

Using scenarios to place key aspects of the system into alternative
futures allowed us to interrogate how feedback loops might be
reinforced or altered. This provided macro-level insights into the
system, which we used to create speculative probes that critique
various approaches to change. For instance, Scenario 1 explores
the challenges the AEC industry could face if it continues along
its current path while becoming increasingly influenced by AI. It
demonstrates how, without educational support, the introduction of
more digital tools could diminish quality and exacerbate the skills
gap, further damaging the system. By projecting how the system
operates today into the future, we can identify potential areas for
critique in the [micro, future] phase.

These future-based scenarios were developed collaboratively
with stakeholders, a key element of the project. While the spec-
ulative probes in [micro, future] were created by designers, they
were largely informed by the scenarios developed through industry
collaboration. This approach helped balance the top-down nature
of speculative design with the recognition that designers bring
valuable tacit knowledge and skills essential to carrying it out.

5.4 Instantiate [micro, future]
The future-based scenarios informed a series of speculative probes,
developed by the academic team. Each scenario had two probes.
These probes served as micro-level instances of the scenarios, incor-
porating speculative characteristics that provoke critical reflection.

5.4.1 Speculative Probes for Scenario 1 (Artificial Intelligence (AI)
Pushes Innovation, For Some).

The first probe NextCraft (Figure 9 left), is an augmented re-
ality (AR) device that can be attached to a pencil. It captures the
juxtaposition of valuing the tangible aspects of a trade’s craft and
the pressure from outside forces to automate and digitise work.
The pencil can be used to draw, measure and visualise building

plans on handcrafted materials, while the AI attachment uses com-
puter vision and voice activation to make work processes faster
and document how materials have been installed.

The second probe GEN4BUILD (Figure 9 right), is a prompt
engineering resource for architects and engineers. It speaks to
current views that upstream knowledge work is an obvious area
where AI will probably automate tasks and compensate for more
challenging areas to automate, such as on-site work. However,
mistakes in how the building is visualised capture the potential for
AI to hallucinate and get things wrong. The artefact asks how the
desire for speed will impact architecture and engineering, and what
checks and balances may be needed.

The GEN4BUILD AI Guide is a compilation of prompts (and 'cheat 
sheets') used to get the best out of a suite of generative AI tools 
used in the building and construction industry. Using the cheat 
sheet, you can quickly choose the best AI trained for your task and 
prompt it to get the best results. Using these little "hacks" can help 
you move faster and avoid obvious AI hallucination errors in your 
builds.

NextCraft is an augmented reality (AR) device that can be attached 
to a pencil or pen. It is primarily used by tradespeople and even 
some architects. It uses computer vision, voice activation, and AI, to 
provide real-​time recommendations, helping to streamline tasks 
and minimise errors. NextCraft seamlessly blends digital worlds 
with physical crafts.

Figure 9: Scenario 1 Probes - NextCraft (left) is an AR and
AI device that can be attached to a pencil and used by trade
workers onsite. GEN4BUILD (right) is an AI Guide, a prompt
engineering cheat sheet for architects and engineers.

Participants in the participatory workshop (n=3 of 11) felt the
probes made them consider values such as safety (P2), efficiency
(P1, P3), quality and error minimisation (P1, P2), maximising the
potential of technology (P2) and interoperability (P3). Interestingly,
interoperability was not a value we intentionally sought to reflect
in the probes. The stakeholders viewed the probes as both desir-
able and undesirable. P3 highlighted concern that AI would erode
traditional skills and creativity.

P3:“Undesired: general deskilling in traditional [tech-
niques] [...] and [it will] theoretically stymie creativity
and innovation."

They noted the changes depicted are “underway" and “inevitable",
which validates the probable world in scenario 1 if the system were
to continue on as-is and relatively unchanged.

P2 raised concerns that AI would increase distrust in technology
and said the probeswould be undesirable “[...] if the speed of solutions
doesn’t keep up with change [in the industry]". By this, they mean a
mismatch between the AI solutions available and the way industry
fundamentally operates, which has been a sticking point for the
implementation of digital technology in the past. Conversely, P1
noted many desirable aspects of the probes.

P1:“Desirable! better design, improved efficiency, im-
proved outcomes (energy, carbon, circular economy)"
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Rising sea levels and extreme heatwaves have 
drastically reduced available land, making new 
housing unfeasible. In response to the increased 
health risks from urban heatwaves, the 
government incentivises retrofitting and 
extending homes in safe areas to increase 
available housing cost-​effectively. However, 
international conflicts have made sourcing 
materials nearly impossible, so innovative 
materials and processes are readily adopted to 
cut costs.

The demand for livable, climate resilient 
buildings, created from locally sourced materials 
is so great that alternative businesses pop up 
everywhere. Regulatory bodies warn the 
government of quality risks, due to non-​
traditional services moving so quickly.

4 Future-​based Scenario

Reducing or recycling embodied carbon is 
front of mind for everyone in the industry and 
advancements in this area has produced new 
building methods and technologies that are 
now being taught to apprentices. Further, 
sustainability is a compulsory part of all 
training courses. However, with the pace of 
innovation, most workers find they learn 
more on the job.

An increasing divide between young men and 
women has impacted work cultures globally. 
There is considerable push back on 
initiatives that appear to favour women.

Climate crisis and global conflict forces change

Challenges
Retrofitting is a new discipline and there is a 
lack of regulation and skills to support this.
Existing structures might be damaged and 
require repair first.
Moving quickly can sacrifice quality and 
safety.
Global conflict means more materials need 
to be sourced locally.
Culture wars limit diversity, impacting 
worker availability.

Values
Sustainability
Circular economies
Safety
Innovation

Contributing Trends
Climate change.
Innovation in retrofitting.
Industry focus on reducing 
embodied carbon.
The gender divide in Gen Z.

Carlo
SURVEYOR

Retrofitting and extending existing 
homes is a practical solution to land 
scarcity issues. It allows us to 
maximise the use of safe areas without 
the need for new land development."

"However, the challenge lies in ensuring 
that these older structures can 
support the new extensions. It 
requires meticulous inspection and 
often, significant reinforcement. With 
the sheer amount of projects happening, 
it's difficult to find time to get to every 
inspection."

+

Age: 45
Skill-​level: Expert

Age: 48
Skill-​level: Advanced

Geoff
EDUCATOR

"In the face of a crisis, the increase in 
innovation has been remarkable. It's 
exciting being able to teach cohorts 
these amazing advances in sustainable 
materials and design."

"However, I worry that this rapid need for 
innovation means that anything I teach 
will be outdated by the time people enter 
the job market."

+

Vicky
REGULATOR

Age: 52
Skill-​level: Expert

"It's amazing how quickly the 
government has pushed through 
regulation in light of the current climate 
crisis and international conflict. People 
desperately needed livable homes."

"However, I worry about the fall-​outs of 
moving too quickly and what this might 
mean for quality and safety down the 
track. The last thing we want is for 
people to get hurt due to untested 
processes.

+

Leo
SITE MANAGER

Age: 35
Skill-​level: Novice

"Retrofitting projects have been fairly 
quick to complete, which is a plus."

"However, the weather conditions are 
horrendous and often we can only work 
first thing in the morning, which slows 
things down. On top of that, there's just 
not enough trained people to help out. 
We tried our best to incentivise more 
women to but that seemed to backfire 
and draw a lot of media attention.""

+

Probable

Possible

Plausible

Perposterous

EDUCATION AND RESKILLING

AWARENESS AND ACCESS TO NEW KNOWLEDGE AND TOOLS

PERCEIVED RISK OF TECH & PROCESS ADOPTION

FRAGMENTED PROCESSES AND INFORMATION SHARING

COST OF BUILDING HOMES

WORKFORCE DIVERSITY

Figure 8: Scenario 4: Describes a possible future where climate change and global conflict have reached an apex, completely
disrupting the ability for workers to create and maintain the built environment. This scenario situates the reader in a
environment where actors have adapted to a system in collapse and extremes as the new normal.

P2 also noted that the probes were desirable since they had the
potential to “attract younger generations into the industry", which
speaks to the current challenges faced with a shortage of skilled
workers.

When tracing how the world would change in response to the
probes, participants mostly responded to AI as a collaboration part-
ner. P2 noted that education would need to cover “error checking"
and “critical thinking". Similarly, P3 believed that there would need
to be a stronger focus on “design management".

5.4.2 Speculative Probes for Scenario 2 (Government Backs Pre-fab).

The first probe Lean On (Figure 10 left) is a projection game
that aims to stimulate workers in a prefab environment. The probe
shows a female worker and robots, seeding a dialogue about who
will staff these off-site warehouses. It also comments on an existing
sentiment that a move to off-site manufacturing-style construction
will remove the kind of craftsmanship and problem-solving involved
in traditional on-site jobs. In other words, people fear this work
will be boring. However, Lean On brings to light a different type of
problem-solving encouraged by Lean production, where workers
aim to improve their approach over time and find better ways to
complete a task. The projection game asks what might happen if
this approach to problem-solving is brought front and centre. Of
course, this attempt at positivity could be cast in a dystopic light if
workers are encouraged to be efficient at all costs.

The second probe Click-in Parts (Figure 10 right), shows what
the assembly of a building might look like onsite in a fully pre-
fab world. It conjures past experiences viewers will likely have of
building Ikea furniture. On Reddit, there are those who view the
modular approach as a fun activity or “Lego for adults" 4, which
tellingly is also published on the r\ “unpopular opinion" page. This
assembly approach intends to raise questions about what processes
and policies will look like. Of course, there are building compa-
nies that already do this kind of assembly work, but how will their
knowledge and best practices be utilised if we were to mandate
production tomorrow?

4https://www.reddit.com/r/unpopularopinion/comments/v2oh5a/building_ikea_
furniture_is_fun/

Lean On is a projection game that aims to stimulate motivation in 
pre-​fab construction work. It has two settings that you can choose 
from, personal best and explore. In personal best mode, you can 
compete with yourself or others to get the best possible time and 
quality rating for your construction task. Alternately, in the explore 
mode you can follow a new challenge every day and enjoy a 
variety of different problems to solve. Lean On has opportunities 
to level up no matter how you prefer to work.

Click-​in parts makes pre-​fab assembly easy. Inspired by Ikea, you 
can use these parts in your prefab construction to streamline and 
simplify the materials needed for assembly. With a specific set of 
standardised parts, it is easy to find replacements, dissemble and 
recycle buildings.

Figure 10: Scenario 2 Probes - Lean On (left) is a projection
game built to motivate workers for offsite work. Click-in
parts (right) illustrates the modularity of onsite assembly
work in a prefab world.

Participants in the participatory workshop (n=3 of 11) felt the
probes helped them consider the following values: personal de-
velopment (P4, P5, P6), ease of assembly (P4, P5), creativity and
problem solving (P6).

Desirable aspects of the probes included ease of assembly and
replacement of parts (P6), as well as improved mental health, job
satisfaction and career development (P5). However, undesirable as-
pects included a push back on the ‘creativity’ that Lean On aimed to
provide. Stakeholders felt that there would be alienation of highly
skilled workers who might feel “sidelined" by the production pro-
cess (P4, P6). There was generally a concern that this alienation
would reduce the pool of available workers and those with highly
specialised skills.

P4:“3 of 4 workers [will] find these processes beneficial"

This reflection corresponds to current concerns about a shortage
of skilled workers. If people do not find the work engaging then it
may be difficult to retain and attract talent in the future.

5.4.3 Speculative Probes for Scenario 3 (Everyone is a Subcontractor).

https://www.reddit.com/r/unpopularopinion/comments/v2oh5a/building_ikea_furniture_is_fun/
https://www.reddit.com/r/unpopularopinion/comments/v2oh5a/building_ikea_furniture_is_fun/
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The first probe Subster (Figure 11 left) is a subcontracting plat-
form that allowsworkers to findwork and streamline their jobs. Peo-
ple can gather ratings on the platform as a form of self-marketing
and trust-building. Although this kind of platform is not partic-
ularly new, its underlying questions about how work processes
and policies in the AEC industry might change if these types of
platforms are adopted at scale are interesting. In an industry with
even more intense fragmentation, how do people pass on informa-
tion about a project? Does this move to ultra-lean businesses really
mean more time spent trying to share information about a project
with even more parties?

The second probe BuildUp (Figure 11 right), is a blockchain
protocol that allows workers to invest in their project. Workers
earn tokens that are tied to a small percentage of the building’s value.
These tokens contribute to their retirement benefits. Although they
are a small percentage of the building, these add up over time.
Quality work increases the value of the house and therefore the
value of the tokens, incentivising a level of care, as though it were
their own home. It calls for a reflection on what encourages people
to produce quality work.

In a world where everyone is a subcontractor, "getting on the 
apps" is essential. Being on a subcontracting platform, like 
Subster, means you have the security of being paid, taking leave 
and managing your jobs. Walking on site and knowing what 
needs to be done is easy, no more wasted time arriving when the 
site isn't ready for your work yet. Project managers and 
customers can give you a rating for different skills, which helps 
you stand out (or not).

It is now possible for expert tradespeople to collect BuildUp 
CryptoTokens as they work on different projects. These tokens 
offer a small percentage of ownership over the final building and 
continue to accumulate wealth throughout the life of the 
construction. It's an opt in scheme and a promising way to 
diversify your superannuation. You can watch your tokens build 
up through the app and cash them in when you retire. Its 
rewarding to know that what you're building is an investment in 
your future.

Figure 11: Scenario 3 Probes - Subster (left) is a phone applica-
tion that is a must-have for people working in building and
construction. BuildUp CryptoTokens (right) allows workers
to earn income for their retirement.

Participants in the participatory workshop (n=5 of 11) felt the
probes captured several values, including: self-motivation (P7, P8),
pride (P2, P7, P8), individuality (P2), and traceability (P3, P2, P7, P8,
P9) .

Desirable aspects of the probes included the ability for people
across the AEC industry to monitor the progression of a project
so that they can predict when there will be delays, this includes
managers and onsite workers (P2, P7). This emphasises the need
for better tracking systems to ensure jobs are completed on time.
Conversely, undesirable aspects included disjointed applications
that make work more challenging (P8) and inefficiencies for coordi-
nation if everyone is a subcontractor (P7).

5.4.4 Speculative Probes for Scenario 4 (Climate Crisis and Global
Conflict Build).

The first probe Equilibrium (Figure 12 left), is a government-
backed program for monitoring the energy performance and over-
all health of retrofitted homes. It brings into question the role of
Government in housing and maintenance, being positioned to ask
who has access to data about homes and who the obligation to
maintain these structures sits with. It also poses questions about
home retrofitting and what quality looks like in this space.

The second probe SafeGear (Figure 12 right), describes workwear
that helps people carry out tasks in extreme conditions. It aims
to pose questions about the future of work as climate conditions
worsen.

Equilibrium is a government-​backed program for monitoring the 
energy performance and overall health of retrofitted homes. You 
can now live in comfort knowing that your home is delivering the 
best possible insulation, energy and humidity levels for extreme 
climate conditions. If your retrofit shows signs of poor quality 
then a consultant will assess your home and schedule cost-​
effective fixes for common issues. Maintenance is easy since the 
house has been built for upgrades.

Working outside is near impossible in extreme weather 
conditions but thankfully SafeGear workwear and tools help 
people cope. Working outside is still a challenge but made 
bearable by anti-​heat clothing and easy access to water. Safety 
protocols include ensuring that people take breaks under the 
shade and checking that machinery is not overheating.

Figure 12: Scenario 4 Probes - Equilibrium (left) is a govern-
ment program for monitoring retrofitted homes. SafeGear
(right) is a wearable for extreme working conditions.

Stakeholders in the participatory workshop (n=5 of 11) felt the
probes captured several values, including: healthier homes (P5, P11,
P13), health and safety of workers (P3, P11, P13) , and, of course,
sustainability (P5, P13).

Desirable aspects of the probes included a need to address climate
change issues and new innovations in technology to support this.
Additionally, participants talked about a desire for healthier homes
and a focus on safety for workers. Conversely, undesirable aspects
included a drop in quality due to a need for rapid innovation (P3,
P5, P13) and the potential that education might struggle to keep up
with this pace in the current schema (P13).

5.5 Reflect [micro, present]
By clustering desires and concerns in relation to the speculative
probes and comparing them with clustered themes relating to
the leverage points in the systems map, we identified three core
systemic futures tensions. These tensions are a novel output
of the Systemic Future Dialogue, generated from the orchestra-
tion of systemic and speculative design across micro–macro and
present–future dimensions. By moving between these levels, the
process identifies contradictions and trade-offs between systemic
change solutions and desired futures. This enabled participants to
critically visualise and assess how seemingly appropriate changes
may reinforce undesirable system dynamics over time.
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(1) Productivity and Job Satisfaction:TheAEC industry faces
pressure to improve productivity due to a shortage of skilled
labour and high costs, as one participant explained "[...]
saving usually must be in speed/labour reduction (variable
costs)[...]". However, the push for greater efficiency may con-
flict with the industry’s desire to create fulfilling jobs that
keep workers engaged. It was specifically called out that
an undesirable aspect of the probes was a lack of creativity,
innovation or uniqueness in the tasks being carried out. This
tension raises an important question: what would it take
to improve productivity while also creating satisfying
jobs that people feel are fulfilling to carry out in the
long term?

(2) Modern Methods of Construction and Preserving or
Augmenting Traditional Skills: Modern methods of con-
struction (MMC) create new opportunities to recruit a di-
verse workforce. For example, robotics that make heavy
lifting easier for women, the older adults, or people with
physical disabilities. However, there is tension between em-
bracing innovation and preserving traditional skills, often
driven by concerns about the cost of adapting to change. As
one participant pointed out, they did not want to “[contribute
to a ] further accentuated skill gaps as well as "deskilling".
This calls into question how the AEC industry will bridge
the gap between innovation and preserving or augmenting
traditional skills: which skills must be safeguarded to
maintain quality, and what might happen if we design
with the human cost of technological change front of
mind?

(3) Pace of Innovation and Safety and Quality: There is a
strong push to encourage innovation, but this creates tension
with the time required to uphold quality and safety; both are
essential for a healthy and desirable future. Alternatively,
as one participant pointed out, “rapid innovation may ren-
der existing training programs obsolete, creating a disconnect
between education and industry demands". This poses the
question: how might quality and safety keep up with
innovation, and how can education help lead the way?

These systemic futures tensions are useful in focusing design
efforts and structuring a research and innovation agenda. They
are grounded in real-world trade-offs and challenges articulated by
industry stakeholders. In addition, the tensions offer an accessible
way to reflect and critically evaluate possible futures that might
otherwise be too alien or too technocentric.

6 LIMITATIONS AND FUTUREWORK
While this work contributes novel insights through the design
artefacts we co-created with industry, our approach, generating
knowledge by doing design, has its limitations. First, we did not
directly compare or evaluate our approach against alternative meth-
ods. This was not feasible within the scope of a project shaped by
predefined goals, timelines, and available resources. Further, it is
inherently challenging to identify a process or framework with
similar scope. Now that we have articulated this framework, future
research is well positioned to systematically compare and contrast
it with other approaches.

Second, there are aspects of our process that we would approach
differently if given the chance to revisit the design work. While
it remains difficult to determine whether these changes would
have yielded different outcomes, this is not the central aim of our
contribution. For instance, we identified leverage points and desir-
able/undesirable futures in the same workshop. With the benefit
of hind-sight, we would have identified leverage points during the
model phase (stage 2 in Figure 2) and the desirable/undesirable fu-
tures during the critique phase critique (stage 4 in Figure 2). These
improvements could have only been realised once we were able
to critically reflect on our experiences. We were also restricted by
timing, typical of industry-based research, where busy participants
are asked to contribute to the research with in-kind hours. For
this reason, we combined the identification of leverage points and
desirable futures critique in the same workshop. However, we do
not believe this had a significant impact on the results, since we val-
idated the systemic design tensions with industry representatives,
providing an opportunity to check the workshop outputs.

Finally, while we made a concerted effort to include diverse
voices from across the architectural, engineering, and construction
(AEC) sectors, we acknowledge that it was not possible to capture
every perspective. Broader industry representation was constrained
by factors such as time, scale, and resource limitations beyond the
control of project team.

7 DISCUSSION
The Systemic Futures Dialogue offers a new structured orchestra-
tion and epistemological contribution to futuring work [52], explor-
ing imaginings of technological futures that “takes the messiness of
everyday life as a central theme” [7, p.133]. It bridges present-day
insights with speculative futures, tracing the golden thread that
connects immediate challenges to long-term possibilities. The dia-
logue’s participatory, systems-oriented approach enables stakehold-
ers to move between detailed problem areas and broader systemic
perspectives, creating speculative artefacts grounded in real-world
concerns. We conceptualise systemic futures tensions, a novel
output that allows researchers to identify conflicting values in near
and distant futuring. By unpacking key moments in the process,
we demonstrate how this approach navigates the balance between
designing with and designing for participants, and how it acts as a
catalyst for critical reflection within complex industry contexts.

7.1 Grounding speculative work in
participatory and present-day insights

The Systemic Futures Dialogue provides a structured pathway
between what we know about the world today and desires for the
future. It grounds speculative futures in real, observable trends, en-
suring that imagined scenarios remain connected to current realities.
For example, by tracing the process across the dialogue, we see how
early discovery insights, such as the shortage of skilled workers,
informed the development of a systems map that illustrated how a
fragmented technology landscape could exacerbate these shortages.
Viewing these interconnected challenges at a macro level allows
us to extrapolate and imagine how the future might unfold under
different conditions. For instance, if climate change and global con-
flict forced widespread reskilling, we could imagine how education
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systems might adapt or explore new methods of skill development
through speculative probes. Looking back from probes like LeanOn,
we see how tangible problems, such as the skilled labour shortage,
directly shaped this design artefact. This approach responds to ear-
lier criticisms that speculative design processes can feel vague or
disconnected, providing industry stakeholders with a clearer, more
traceable link between present-day issues and imagined futures.

7.2 When to design for and when to design with
Design futuring methods have the potential to help organisations
critically reflect on their strategic plans [61]. However, using crit-
ical design futuring in participatory settings presents challenges.
These methods rely on experience and tacit knowledge that can
be difficult for novices to acquire, and they may feel disconnected
from the predictive, goal-oriented approaches to future planning
that industry experts are familiar with. Conversely, taking a purely
top-down approach risks imposing a narrow perspective that over-
looks stakeholders’ experiences and valuable insights. In this work,
we demonstrate an alternative path, showing how participatory
activities can generate the data that informs design futuring arte-
facts. While the final speculative probes were not created directly
by the industry stakeholders, participants could see their input
reflected in the themes and narratives that emerged throughout the
engagement. This approach invites reflection on when we choose
to design with rather than design for and how these can be used in
complementary ways.

7.3 Systemic futures tensions as circuit breakers
for feedback loops

An important feature of the Systemic Futures Dialogue is its ability
to guide researchers and participants between micro and macro
perspectives, creating a dynamic process of zooming in and out. As
discussed earlier, this movement not only helped to progressively
build alternative futures grounded in present-day observations but
also revealed how unintended consequences can emerge when fo-
cusing too narrowly on a single problem area. For example, while
incentivising (or even mandating) the use of certain tools might
be intended to drive their adoption, stepping back to view the sys-
tem through future-based scenarios shows how, without equitable
access to resources, such interventions could ultimately do more
harm than good.

The final systemic futures tensions act as circuit breakers for
reinforcing feedback loops. They prompt industry participants to
question the underlying tensions between pragmatic solutions in
the present and their aspirations for the future. This process helps
participants critically reflect on current priorities while keeping one
eye on the kind of future they want to create. For example, while
the AEC industry faces mounting pressure to build more homes
and increase productivity, speculative probes surfaced another pri-
ority: job satisfaction. Most participants agreed that meaningful,
satisfying work remains vital. In this way, the dialogue re-centres
the research agenda around the apparent paradox of productivity
and supporting long-term human satisfaction and wellbeing. These
were conversations led by industry participants and offered as the
focus of the next phase of research [60].

These tensions offer a novel output from our approach, gener-
ated specifically from the orchestration of systemic and speculative
design activities across micro–macro and present–future dimen-
sions. This enables participants to examine how, at times, abstract
interventions at the macro level materialise as concrete technolo-
gies and interactions at the micro level. Rather than producing only
solution-oriented outputs, the approach makes visible how seem-
ingly appropriate changes in the present may reinforce undesirable
system dynamics over time. This provides a distinct advantage over
existing methods or systemic and speculative design as individ-
ual activities, by enabling participants to critically evaluate the
long-term material implications of change within a sociotechnical
system.

8 CONCLUSION
In this paper, we introduced the Systemic Futures Dialogue, a
structured orchestration of speculative and systemic design meth-
ods. Developed through close collaboration with the AEC industry,
this dialogue asks design practitioners to observe, model, extrap-
olate, critique, and reflect across micro and macro perspectives,
using each step to inform and deepen the next. By doing design
with and for stakeholders, we were able to preserve the critical and
imaginative strengths of speculative design while making its out-
puts accessible and actionable for an industry audience. The output
of this orchestration is a set of systemic futures tensions, which
we conceptualise as an novel output that captures the trade-offs
between short and long-term desires. These tensions show how
organisations can critically reflect on whether their present-day
innovations align with their aspirations for the future, and invite
them to reconsider how they design and implement technology
within complex systems.

Looking forward, we see the Systemic Futures Dialogue as a
foundation for future research that deepens empirical inquiry into
systemic futures tensions, expands participatory engagement
across more diverse stakeholders, and explores how this approach
can be applied in other industry contexts. By offering a pathway to
navigate the ontological and epistemic differences between spec-
ulative and systemic design, we hope this work inspires others to
experiment with, adapt, and extend the dialogue and conceptual
outputs to support more reflective and collaborative innovation.
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Figure 13: Participants and their involvement in each step of the case study (see Figure 2)
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The AEC industry is often characterised in academic literature and industry reports as slow to change. 
However this is perhaps a symptom of deeper forces within the system that only tells a small slice of the 
story. What the system map reveals is the complex relationship between technology/process 
innovation, access to resources and an appetite for investing in change. 

Rapid technology/process development, not supported by organisational infrastructure and knowledge 
resources, adds to a fear of the unknown, de-​skilling and job losses. Understandably, unions step in to 
ensure jobs and wages are not degraded. A strong response from unions reinforces regulation that 
reduces the appetite for change across organisations. However, innovation around the industry does not 
stop. This continual development of new tech/processes creates an overwhelming array of options for 
executives or small business owners to choose from. With small profit margins, backing the wrong 
horse could be fatal for business. So organisations opt to play it safe and wait for other, larger 
companies or (less jaded) disruptors to lead the change first.

However, this lack of technology/process adoption is self-​sustaining. The less new tech/process is 
adopted, the less feedback is created to encourage the industry to learn, improve and create 
healthy competition that encourages further tech/process innovation. Furthermore there are costly 
health and safety risks associated with rapid innovation in the built environment, which adds weight to 
regulatory processes that understandably take time to go through. Interestingly, climate change is one 
issue that has strong regulatory and organisational support and has already influenced process/tech 
adoption in the industry.

Access to knowledge resources and tools influences 
technology/process adoption. The system map shows how 
access is currently restricted due to a lack of capital and a 
low appetite for investment in change. Concurrently, the 
continual development of innovation reinforces a digital 
skills gap. This gap affects performance, which leads to 
redundancies and a loss of knowledge that puts new workers 
coming through on the back-​foot. This perpetual digital skills 
gap has wider implications for the AEC industry, impacting 
productivity and the cost of building projects.

Supporting greater access to knowledge resources and tools is 
challenging in the current system, since there is already low 
support from workers and a perception of deskilling. However, 
experts have stated that  traditional skills remain crucial for 
many new processes and roles. There is speculation that 
greater awareness and experience of innovative tech/processes 
could drive adoption, however convincing people to try these 
practices is a challenge in itself.

While the government and educational services provide support to 
encourage workforce upskilling and new entrants, the supply of skilled 
workers is impacted by several other forces within the system. Firstly, a 
large aging workforce means that available workers is being diminished 
more than in the past. Alternately, the AEC industry appeals less to digital-​
first youth and women or people from diverse backgrounds, which 
reduces the amount of workforce candidates. This means upskilling 
appears to be an important aspect of the system. However, reports cite 
that older workers feel anxious dealing with the current rate of change, 
reducing performance and increasing turn over. This loss in continuity of 
knowledge and traditional skills means that the workforce coming 
through starts on the back-​foot. 

A lack of skilled workers means AEC projects remain costly. However, 
innovation to improve productivity ironically appears to worsen the issue. 
As the number of technical solutions increase, so too does the skill 
gap and lack of change. It becomes difficult for organisations to navigate 
investing in the numerous different licensed platforms and off-​putting for 
workers to continuously learn new skills when the ones they have "aren't 
broken". This inability to keep up with rapid change, worsened by a lack of 
access to tools and resources, reinforces the skill gap and negative 
impression of process/tech change. 

Workforce diversity region story

A lack of diversity in the workforce is self-​perpetuating. It leads to 
a less inclusive culture, causing more people from minority 
groups to change careers, which again decreases the workforce 
diversity.

A lack of diversity reduces the amount of people willing to 
continue working in the industry, putting further pressure on 
demand and the high cost of labour. In turn, a digital-​first 
youth culture and lack of inclusivity reduces the attractiveness 
of the AEC industry for new recruits, further diminishing the 
pool of potential workers.

A lack of skilled workers has kept demand for skills and wages 
high, which erodes profit margins. This means the cost is 
passed on to the end customer and buying a new home 
becomes expensive. To increase the supply of homes, the 
government plans new housing projects, which in turn further 
increases the demand for skilled workers to build these.

The balancing loop is thrown off as the government increases 
the demand for skills artificially. While homes are needed, the 
natural cooling down of demand is thwarted. Unless more 
workers are available or other significant cost reductions are 
introduced, then homes will remain expensive and the cost will 
be passed onto the tax payer or the end customer.

A lack of interoperability between disciplines in the building 
and construction industry hinders collaboration. The disparity 
between services causes specialised tech and processes to be 
developed that are not easily integrated. This lack of integration 
reinforces the siloed ways of working. 

The reinforcing cycle of inoperable tech/processes means that 
data records become less congruent. This has a negative 
impact on productivity as workers spend time reconciling 
duplicates and negotiating changes. A reduction in 
productivity has a larger negative effect on profit margins. This 
may influence companies to increase their appetite for change. 
However, it also artificially increases the perceived market 
opportunity for "disruptors" to come in and improve 
productivity. Although well meaning, these disruptors are 
perhaps unaware they are at odds with other powerful forces, 
such as baked-​in fragmented processes, fear of de-​skilling, 
extensive regulation and the perceived high risk of change.

The Architecture, Engineering and Construction (AEC) industry is caught in a challenging cycle. The 
high cost of building projects has been driven by the demand for skilled workers. However, small profit 
margins discourage organisations from investing in new technologies and processes, compounded by a fear 
of deskilling and job losses. This reluctance to innovate means the industry appears to lag behind others.

Disruptors see opportunities to improve productivity, but their solutions often add to an already fragmented 
market. As innovation continues to hum in the background, the perceived risk of "backing the wrong horse" 
heightens. As a result, the digital skills gap feels unclosable, with new innovations being invented but not 
widely adopted.

To address the skilled workforce shortage and close the digital skills gap, the government and educational 
institutions encourage upskilling and workforce entry. However, this effort faces challenges from a shrinking 
pool of applicants, lack of workforce diversity, an aging population, and limited appeal to digital-​first youth.

The industry is stuck between a diminishing skilled workforce and a lack of tech adoption. 
Consequently, building costs remain high and ultimately burden end customers or taxpayers, as the 
government funds new housing projects.
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+
+
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Figure 14: Systems map of the AEC Industry. A full PDF can be found in the supplementary material
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