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Recognising the systemic nature of design as a starting point, this paper
establishes a theory-based framework of analysis of the level of impact that
design actions can produce in different systemic aspects defined in the
correspondent literature. This matrix of assessment of systemic aspects and
levels of impact is presented as a tool of initial risk analysis for designers
(particularly as a pedagogical tool for those in formation), to create awareness
of possible unintended consequences of the work done and the possible need
for a deeper analysis through the process of design and ethically address those
actions beyond classical approaches. As a result, the paper also explores the
current validity of previous work on the categorisation of design, such as the
orders proposed by Richard Buchanan based on complexity and the measure of
influence within a system, and introduces alternative points of discussion

regarding possible ways to redefine those orders.
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Introduction

Design as a profession, first, and later as a discipline have had a clear connection with
the General Systems Theory (GST) and with systemic thinking; from the work of the
Bauhaus and their relationship with the GESTALT as a school of systemic origin
(Sevaldson, 2014), to the work of Herbert Simon (1969) or Bela Banathy (1996) defining
new paradigms of the discipline; and more recently, that profound relationship has
been recognised as part of the nature of the discipline by the Systemic Design
community (Sevaldson, 2017). This systemic principle has opened a new perspective for
design theorists and researchers to recognise, in the constant search for connections
and the reflection over the ramifications of socio-technical relationships, a need to find

systemic balance to what was seen before as an object/aesthetics-centred process.

From scholarly work, like the one presented by Victor Papanek (1977) or Donella
Meadows (2008) regarding a pressing need to include the notion of sustainability in the
design process, to the later proposal of Irwin, Tonkinwise and Kossoff (2022) that
propose a principle of design where the transition to sustainable systems was a leading
argument of every design process, show us how opening the spectrum of our view
inside the system leads to understanding possible unintended systemic repercussions
of designing and producing new things in the world and the obligation for designers to

anticipate some those repercussions or causations as part of the process.

Although this trend of responsible systemic analysis has been steadily growing in the
scholarly conversation, common practices of design have mostly focused on either the
configuration of a designed solution or the definition of the main problem based on a

structural map of a predefined system centred on the problem itself.

Gilbert Simondon (1958), in his dissertation regarding the mode of existence of
technical objects, reflects on this phenomenon of how the elements of a system might
lose some of their relevance or function over time as the system evolves; this process
calls for what he describes as 'continuous improvement' or catching up with the
evolution of the system. When too many of the elements fail over time, the system
requires a 'discontinuous improvement' or a systemic redefinition. This argument could
relate to innovation theory and the idea of incremental innovation vs disruptive

innovation, but might also imply that most of the work of a designer exists as a process
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of patching the gaps, tensions, and frictions of a system to avoid systemic failure. This
issue might also relate to the argument presented by Natasha Iskander (2018), in her
article published at the Harvard Business Review, where she described the conservative
nature of design thinking (as a set of methods), which seeks to correct the tensions and
frictions of an existing system while preserving the Status Quo of the forces, agency, and

power inside the system.

Accordingly, the way many design schools have historically taught design methods, and
some of them still do, relies on the definition of a focalised, well-defined problem, to
then apply very narrow frameworks, like the old IDEQ's Viable, Desirable, Feasible
framework. Assuming that the main issue is whether my solution can be implemented
and not if it should be implemented, based on the impact that it might have on the

system.

The lack of observation of long-term repercussions of the process of design (Norman,
2023) might be related to the high level of uncertainty and complexity that possible
futures carry, and the search for more controllable elements of analysis, like aesthetics

and function.

On that matter, the definition of professions have also been permeated by a sense of
complexity of the objects produced as the final delivery of the process; the notion of
orders presented by Buchanan (1992, 2001) from a systemic perspective reflects this
definition of complexity based in the product that it's been designed, presenting a
characterization of the different design orders as an expression of the existing and

emerging areas of action of design.
Complexity and the orders of design

Richard Buchanan's argument of a fourth order of design that emerges from the
previous three, where: Symbols, Things and Actions have defined some of the previous
outlets of design as Graphic Design, Industrial Design and UI/UX (Buchanan, 2001),
leading into the design of environments as a result of opening the scope over the

observation of the system based on what is being designed (Image 1).

Implied with this framework, Graphic Design is the profession that deals with less

amount of complexity, since it only must deal with communication and organising the
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images to convey a message. As the tangible portion is added, designers must now also
deal with both the industrial production of the object and its tangible nature; a new
layer of complexity is added, and so forth. This definition might have been supported by
the observation of the academic advance of these disciplines and the way they have
been historically taught, focusing their study on the final result that has to be developed

and the technical means to achieve it.

This idea of scope also relates to the work of Irwin, Kossoff and Tonkinwise (2022) and
the framework that they developed in 2015 to redesign Carnegie Mellon's design
undergraduate and graduate curricula (Image 2), where the scope of the system
determined the complexity of the topics and the academic level at which that topic
might be observed. Jones (2014) also presents a significant advance to Buchanan's work,
defining design as a social practice, and therefore, it characterises the different design
domains over the idea of stages based on the level of complexity that emerges from the
magnitude of its actions. In his definition, traditional practices that focus their action on
the objects that are being designed, or stage 1.0, then, stage 2.0, which defines the
activities of design that aim to produce closed systems of design elements, like services
or experiences. Stage 3.0 focuses on organisational change, and finally, 4.0 is reserved

for design activities that seek the transformation of our socio-technical system.

In that sense, both models define their first categories based on the inherited
complexity of the production of an artefact and its tangible nature, or what we are
aiming to design. To do that, it is important to establish what the model is trying to
represent. One possible perspective is that the orders are aligned with the intrinsic
complexity of a closed system represented by the designed product that is seen as the
result of the process. Hence, since Graphic Design works with visual results, mostly in
the form of images, its technical definition as 'objects' gets minimised over the idea that

the core of the discipline resides in the process of communicatioN.
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Image 1. Representation of Buchanan's orders of design (2001) based on the scope of the

system.

The notion of intrinsic complexity has been discussed in the field of cybernetics for
many years, referring to the acknowledgement of the difference in the definition of the
general complexity of a system and the evaluation of a possible inherited internal
complexity of a closed system. This idea was first introduced by Ashby (1956), but has

been recognised as a principle in the systemic field since then.

The concept of complexity, in the other hand, has had different definitions over the
years, but this paper subscribes to the definition presented by Bruce Edmonds (1999),
where real-life problems are complex by nature, yet they only get to be defined as
complex as the outcome of its interaction with humans becomes uncertain and
observes require a better definition of the underlying complexity that is ignored by basic

models of representation.
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Image 2. Layers of design as introduced by Irwin, Tonkinwise and Kossoff (2022).

De la Rosa (2022) explains this phenomena using the concept of resolution of the image
of the system (Weld, 1992; Gross, 1999; Tolk, 2013; Maier, Eckert, & Clarkson, 2016),
stating that the models that we create of the reality use a small amount of resolution of
the real system that improves our ability to act on time and find solutions to the issues
that do not require further observation. Nevertheless, complexity exists in the system,
and when the solutions to those problems are not achievable or are uncertain,
designers should be able to increase the resolution of the image they take and

therefore of the model of representation.

This is perhaps the main difference between the concept of resolution clearly described
by Maier, Eckert and Clarkson (2016) based on the previous literature, and the one
presented by de la Rosa (2022), in the latter, resolution does not imply the likeliness of
the model to the real system, but instead a conscious decision to seek and capture
more detail of a system that, by definition, is infinitely complex. Therefore, the
resolution of a model does not seek to model the system in the likeness of the real
system, but to look for specific data of segments of the system that might require our

attention.

Design actions and solutions as they exist in the real world can be described as complex
by nature and fall under the description of complexity previously presented. Assuming

each tangible offering of the design process as a closed system, the specific notion of
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intrinsic complexity used here defines the required level of detail of the solution
presented in response to the extrinsic complexity, meaning the factors of the problem
being studied. As mentioned before, Buchanan's model mostly references the
complexity of the discipline based on the intrinsic complexity of the offerings it

produces.

This misrepresentation of the nature of the design disciplines might lead to narrow
perspectives of design education, where students are only challenged to consider the
complexity of the solution that is commonly assigned to their profession, and not on
other systemic repercussions that can emerge from the process. Also, as Buchanan
points out, graphic design is a less complex activity than industrial design or those two

from interaction design.

Recognising a natural extrinsic complexity of the socio-technical system where every
design project occurs, opens up the possibility to redefine the orders of design based
not on the traditional roles and activities of designers, but on the level of impact they
might produce in their systems; it might also create a need to redefine the way
undergrad students are taught based as well on their ability to diagnose the problem,
the impact and the possible repercussions of their actions, and creating a more

responsible profession.
Design responsibility and impact assessment

As mentioned before, the argument for the analysis of the intrinsic complexity as a form
of characterisation of the disciplines has significantly depended on a traditional
approach that is determined by the reflection over the practice (Schén, 1992), where the
design process was defined through the observation of the actual practice of designers.
As an example, the design of silverware might be addressed in a classroom as a
problem of form vs function, where students most likely will be asked to address those
two factors in their process. The fact that we use one of the most durable materials on
earth to produce disposable silverware that is intended for a single use says a lot about
the way we see and teach design, as well as the lack of concern over systemic factors

that we might be teaching in the design classrooms.
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We could hypothesise several reasons behind this, one being the evolution of industry,
as many design schools traditionally saw production as a very focalised process: prints,
books, logos, and industrial objects were locally produced and distributed, and
therefore, their impact and concern by the designer was limited to a narrow slice of
time/space. The second reason might be that the actionable nature of design requires
offerings to remain viable, and therefore, the main structure of a design process seeks
to diverge just enough that the problem can be reframed, and the solution remains

creative or innovative, but not too much that it becomes unviable.

In the tradition of design, many schools still teach design students to quickly define the
problem and assume the offering or the solution presented as an improvement to the
defined condition, without reflecting on the risk of possible unintended consequences.
On that matter, de la Rosa (2022) explains that increasing the resolution of the image of
the system and therefore of the model used might present an improvement to the
understanding of the situation, but it requires significant more work and analysis, and
that it might not be the best process for every design scenario, since it could lead to a
reduction on the viability of the project.

A reduced scope of the system might have been the only necessary approach when
tangible production and its impact were limited to an enclosed socio-technical system of
production, distribution, use and disposal. The main impact of an image or an object
was in the context of where it was designed, produced, and consumed, and at the
beginning of the industrial age, that was most likely in the same place. Although the
original argument presented by W.A. Dwiggins (1922) for the appearance of a new
profession called Graphic Design was that there is a need for responsible actors, who
can manage the production of the printed world by understanding the impact and
function of whatever became printed as those new printed objects reached a volume of
production and distribution that made the reflection of that impact necessary, that
argument seemed to vanished over the years as the dissemination of those objects

became more manageable for design to foresee.

Nevertheless, design literature over the last half-century has clearly reach the
conclusion that design has to consider the limits of our natural system and the
necessary responsibility that comes with designing with a global view (Papaneck, 1977;

Meadows, 2008; Irwin, Tonkenwise and Kossoff, 2022) and that the impact of human
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practices on our world could have an incremental and cumulative effect towards a
systemic failure (Scheffer et al., 2001). Therefore, the recent call for a change in the
process of planning and project development to a more careful idea of the life cycle of

both the designed objects and the system around them (Bjgrn & Hauschild, 2015).

Nevertheless, as de la Rosa points out, "these methods are still time and resource
consuming and are usually implemented in the planning stage of the process, and
mostly related to the inclusion of critical and scientific practices on those projects. For
design practices is very uncommon that designers are involved in those stages of the
projects, and therefore they need to rely on the responsibility that planners and
organizers assumed for each project, disregarding a possible critical view that can
provide a filter point to projects that have not acknowledged the need for a higher level
of evaluation of possible repercussions of the actions determined for them." (de la Rosa,
2022)

A systemic alternative for designers is to diagnose potential risk factors that might
suggest the need to extend data collection and system analysis, as well as the definition
of the problem. The determination of a higher-risk scenario might provide a moral
compass to warn designers, especially less experienced ones, about the possible

consequences of their work, based on the level of impact of their offering.

In that sense, this paper develops the initial alternative of a matrix of analysis of factors
presented by de la Rosa (2022) that could increase the level of impact of a designed
solution in the system; this matrix was based on the academic work of systemic design

researchers and scholars.
A systemic matrix of impact analysis

From the work of Simon (1969) and Voros (2003) it is possible to determine Design as a
future-oriented discipline; if natural sciences study reality from a present perspective as
an unraveling phenomena, and social sciences study reality as a past condition that can
be observed and described, the sciences of the artificial seek to understand reality as an
unraveling future where researchers study the reality that is in the verge of existence, or
how Nelson and Stolterman (2003) defines it: "not-yet existing". Therefore, arguably,

design discipline studies the forces (needs, intentions and desires) that can lead to the
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definition of a future as well as the consequences in terms of actions, processes and

repercussions of what is proposed as a preferred future.

Glenn (2009) expands in the idea of a possible analysis of the repercussions of the
actions of design/planning with his model of a 'futures wheel', where decision makers
are asked to create scenarios that help them foresee some of the possible
repercussions of their intended plans in different stages of the future; or the work of Jim
Dator (2019) defining possible unforeseen consequences of the present actions. Yet
these methods of analysis are rarely seen as part of the general methods for design

thinking and practice, such as those presented by Kumar (2012).

More so, as the concept of complexity is defined as a unidimensional factor that is
characteristic of only certain human practices, it ignores not only the natural extrinsic
complexity inherent to every socio-technical system, but also the responsibility of every
designer to consider how intrinsic and extrinsic complexities mirror and connect and
how every action or object has an impact on the system. In that sense, design has
historically recognised, mostly through empathy and intuition, the extrinsic complexity
of the human planning problems of the world, those that look into the future to act, or
what has been defined as wicked problems (Rittel & Webber, 1973) and embed or
mirror that extrinsic complexity into the offerings produced in the design process. Yet,
when the observation and analysis become more common or a routine, design might
overlook the extrinsic complexity and only focus on the intrinsic complexity of the

objects, as that has a higher possibility of control.

Since, as mentioned before, the definition of complexity is relative to the ability to
reduce the uncertainty of the possible reaction of the system to our human interaction
with it, in many cases, due to a limited framing of the problem, the requirement for a
higher definition of the complexity of the system is ignored. Including a level of
assessment of the systemic factors surrounding the design process might help

designers recognise the requirement for more analysis.

De la Rosa (2022) proposes the use of some of the elements of analysis of systemic
design presented by Ruhleder and Star (1996) in infrastructure design, as well as the
work of Jones (2014), on the basis of systemic design, to try to determine some factors

of analysis; those are:

PROCEEDINGS OF RELATING SYSTEMS THINKING AND DESIGN, RSD13



11

Reach: Related to a time or duration dimension.

Size: Related to the physical size of a project inside a system.

Magnitude: Related to the size of production or repetition.
Dissemination: Related to how widespread the actions or production are.
Density: Related to the intrinsic complexity of the design.

Interconnectedness: Related to the extent of areas where the action or design

may have an impact.

Control: Related to the level of control over the way the action or design evolves
inside the system.

Context: Related to the external complexity of the system.

Inevitability: Related to the level of agency outside the system to either use or

avoid the action.

Disruption: Related to the extent to which the system is affected by the proposed

action.

These initial factors of analysis implemented as an assessment tool for junior designers
to diagnose possible complex problems that have been misrepresented could provide

arguments for a critical analysis of the project and a request for more research.
Matrix of analysis

Each of these variables could be evaluated on a systemic scale, assuming humans as the
basic elements of a socio-technical system (Table 1). Although this scale might not
depict the real effect or impact of an element in the ecosystem, it might provide a basic

scale of analysis for the initial stage of the design process:
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Human Scale
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HEADING Low Mid-Low Mid-High High

Reach ephemeral generation lifespan eternal

Size particle-size hand-size human-size mega-size
Magnitude singular repetitive constant permanent
Dissemination individual local national global
Density basic/static few/actions interactions automation
Interconnectedness peer-to-peer community government network
Control total partial limited none
Context closed communal intercultural transcultural
Inevitability optional recommended necessary mandatory
Disruption repairing improvement transitional transformative

Table 1. Possible scale of analysis of systemic assessment of the impact on the system.

Evaluating each presented variable as a first stage of the process of design could lead to

a reflection on possible unintended consequences and unveil a need for better

evaluation. One single high impact score in the matrix could speak of a project that

requires better evaluation, like using plastic for single-use objects, while several high

impact scores could be recognising a possible nightmare for the designer.
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Redefining the orders

The use of a matrix of assessment as a tool to help in the definition of the amount of
mapped complexity required for every design problem presents a new framework to
evaluate how designers should address different problems and apply more robust tools
of analysis. Likewise, it might present new elements to define the professional role of
designers as well as the notion of orders as defined by Buchanan (2001) to be less
determined by the traditional definition of the professions and more related to the level

of complexity of the activities that are required in the professional action.

Assuming that the analysis of presented systemic factors could define a level of possible
impact of a project or offering inside the system, it might also present a new definition
of viability based on the risk that its implementation might bring, and not a definition
based on capacity or intention for its implementation. Similar to the model of
behavioural change presented by Fogg (2019) that uses the contrast between ability and
motivation, this level of traction or friction against the possible implementation implies
that the human intention might become the definitive factor that defines the

implementation of the action or offering.

Observing those elements on a new matrix presents new possible spaces of action of
design based on how much human forces might push into action and how much that

might address the complexity implied in that action (Image 3).

This analysis diverges from the idea of defining professional fields as the main variable
to establish complexity in design, and rather focuses on the level of systemic complexity
that might be needed based on the possible impact of the design actions intended and
the forces inside the system that could lead to making the process viable based on
human intentions. This new definition of orders of design is based on the
interrelatedness of the elements of the system and human action over it. The orders
then, separate from the traditional definition of professional roles and lean more into
the structure of forces connecting the intrinsic and the extrinsic complexities with the

human intention for action (Image 4).
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Image 3. Fields of design based on collective motivation for change and the ability to change

based on the possible impact on the system.

When complexity is low, the forces are mostly coming from a single direction or
intention of action, defining design as a unidirectional action, or the design of things. A
second order where the initial layer of the system is involved implies that the design
must observe the interactions within the system as a primary factor. Finally, an order of
design where the actions must account and act in the system as a system, implying a

strategic mind and the observance of future possible repercussions.

This definition might have also present new elements in the definition of the way we
teach design, not based on the technical means that are used to produce actions in the
system, but instead, as a profession that faces its responsibility in the possible
repercussions that its action could bring to the socio-technical and natural systems,
teaching designers based in the tools and methods that address complexity in the
different level that its actions might require. Starting from methods for creativity and
innovation as an initial principle that resides more in the order of a directional action, to
later understanding the forces of the system that interact directly with the process, and
finally, more robust methods that could investigate systemic repercussions outside of

the normal scope of the projects.
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Image 4. Orders of design based on the human intention related to the needed definition of the

complexity of the system.

Assuming complexity as a natural principle of every natural and socio-technical system
also implies that every design project should consider the possible risk of the level of
impact as a responsibility-based assessment, creating a possible moral compass for
professional practice. This principle aligns with the view presented by Verbeek (2011)
that design is a practice that makes moral tangible, bringing to reality human morality
and embedding values and politics into the objects we bring into existence (Friedman &
Nissenbaum, 1996).

This paper invites a scholarly reflection of a possible moral view and order definition of
design based on its systemic responsibility, as well as the implementation of tools and

methods that could provide a compass of action for a moral design.
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