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Abstract
In many cases design approaches use a systemic point of view in order to gain
insights that inform the process of developing new products and services or improve
existing ones. At its best, design uses research methods as well as scientific evidence
and creativity tools to tackle wicked problems in fields such as sustainability or health
care. However, in order to have a long-term and effective impact design approaches
must not only use a systemic point of view for isolated innovations but need to create
or at least facilitate system innovations. Following the ideas of Geels and Schot
(2007), Kemp et al. (1998) and Bizer and Führ (2015), system innovations are created
at the intersection of technological, social and institutional areas requiring a high level
of stakeholder engagement and using a transdisciplinary mind set. While this
approach is state of the art in current research on design for sustainable development,
it offers great potentials for design in the context of health care and aging. This paper
presents a framework comprising of suitable methods and starting points for design
research and practice to create, initiate and facilitate system innovations in the context
of health and wellbeing.
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Introduction
According to the United Nations (2019) people above the age of 65 are the fastestgrowing age group worldwide. At the same time, due to improving standards in
hygiene and healthcare, live expectancy is constantly rising causing the number of
persons aged 80 years or above to be projected to triple, from 143 million in 2019 to
426 million in 2050 (UN, 2019). This demographic shift not only changes the
proportions of various age groups but leads to a societal development from what can
be described as the “fourth generation” (Higgs and Gilleard, 2015) as the classical
phase of retirement can be divided into a more active and independent phase and a
rather dependent and cared phase.
From a societal point of view, this development poses both chances and challenges to
the overall population as it raises questions concerning access to services, engagement
and participation in society as well as special offers and demands for healthcare and
nursing. Many disciplines have created a versatile set of both conceptual and
technological solutions as well as evidence concerning single elements of these
challenges. For instance, for decades, care giver strain has been regarded as a severe
danger for public health (Schulz and Beach, 1999). At the same time an increasing
body of knowledge shows the profound effects the built environment can have on
various aspects of aging ranging from walkability (e.g. Carr et al., 2011) to the degree
of social interactions (e.g. Sommer and Ross, 1958). However, most design
approaches and concepts focus on single elements as opposed to system innovations
in the sense the term is used in the context of sustainable development (Geels and
Schot, 2007). Due to the complexity and openness of these challenges associated
with the aging population, “wicked problems” (Rittel, 1973) and with regards to the
limited time frame even “super wicked problems” (Levin et al., 2012) like these
require solutions on a system level focusing on concepts that integrate societal,
technological and institutional aspects.
Transdisciplinarity
The herewith proposed framework for system innovations follows the basic structure
of the transdisciplinary delta analysis as outlined by Bizer and Führ (2015).
Therefore, the hereby proposed framework distinguishes two modes of work. The (a.)
disciplinary mode describes the classical routines and knowledge that is known to
each stakeholder from its own individual professional background. Usually,
disciplinary work has an established set of methods, processes and strategies of
problem solving while often staying in a conceptual silo. As opposed to this, the
transdisciplinary mode refers to a highly interactive process that blurs the boundaries
between disciplines and domains allowing a shift a perspectives and biases.
Transdisciplinarity refers to the approach of including all relevant stakeholders and
practitioners throughout the process. As opposed to disciplinary, inter- or multidisciplinary approaches, transdisciplinarity depends on including academia as well as
industry, civil society and institutional parties. This strategy is based on the
assumption that wicked problems usually cannot be solved by single isolated
disciplinary methods and routines as the disciplinary silo mentality prevents necessary
disruptive solutions to be found (see Belcher et al., 2019).

Throughout the process described in this framework both modes are relevant at
different stages. One of the major challenges of this framework is the ability to switch
between both modes of work and the sensitivity to understand at which point in the
project which mode is relevant. Therefore, a reflective meta-perspective is required
that allows to guide the overall process between both modes of work.
System innovations
System innovations in design for aging refers to the definition of system innovations
as used by Elzen et al. (2004) and Geels (2005a; 2005b) with regards to sustainable
development focusing on complex socio-technical systems rather than solely
technological innovations. In this sense a system innovation is “a transition from one
socio-technical system to another” (Geels, 2005a: 2). Classical innovations such as an
improved technical principle of a vacuum cleaner or the evolution from propellerpowered to turbine-powered aircrafts to not require broader societal and institutional
processes to take place. Developments such as electrical mobility or circular economy
however are based on technological solutions as well as societal and institutional
processes (see Kemp et al., 1998). Among other aspects, adapted consumer behavior
and values, regulatory frameworks, governmental subsides and more need to be
established for technological solutions to be effective and successful. Thus, system
innovations occur at the intersection of technology, society and institution. Therefore,
the herewith proposed framework is based on a transdisciplinary mindset of actively
including stakeholders from all three spheres to contribute and co-create a joint
solution.
Transdisciplinary framework for system innovations in design for aging
The herewith proposed framework is illustrated as a process diagram switching
between disciplinary and transdisciplinary mode in 6 phases (8 steps). Depending on
the complexity of the context and the challenges that are associated with the problem
of concern, additional iterations and alterations might be necessary.
On that note, this framework is supposed to be a conceptual guideline for
transdisciplinary processes that aim at system innovations in the medical context. It is
worth mentioning however, that system innovations can hardly be designed in the
classical sense, but merely facilitated and enabled. The actual realization of system
innovations is done by the parties genuinely involved in the system of concern. As
systems are interrelated dynamic structures attempting to establish system innovations
requires flexible methodological approaches and constant evaluation and reflexion.
Therefore, it can be seen as a paradigm shift to the person or team guiding this
process to step back from actively designing the innovation itself and enabling and
facilitating instead.
With regards to medical systems in general and gerontology in particular the goal of
system innovations and the complexity that is associated with it depends largely on
the level of zoom and the system of interest as the medical system itself consists of
many systems and sub-systems.
Therefore, the overall process and methods that are presented here are meant to be
examples of one possible way of applying this framework. A certain choice of sub-

system might lead to an essentially different set of tools and methods. This applies to
the amount and selection of relevant stakeholders in particular.

Figure 1: Transdisciplinary framework for system innovations in design for aging.
1. Problem impulse and stakeholder engagement
Like most design methodologies (e.g. Kumar, 2013) the innovation process starts with
a problem impulse, a societal challenge that is sensed by one or more stakeholders.
From this initial impulse onwards relevant stakeholders are identified and acquired.
Since classical disciplinary knowledge and skills are needed to sense the problem and
identify relevant stakeholders, this stage is associated with the disciplinary mode of
work. In order to identify and acquire relevant stakeholders, a rigorous and
comprehensive stakeholder mapping is needed. As with system innovations, relevant
stakeholders should cover the societal, technological and institutional sphere of the
problem.
With regards to gerontology, depending on the system of concern, stakeholders might
include a big variety of groups including elderly and care giver as well as nursing
staff, nursing home management and many more. One of the big challenges in the
process is to facilitate discussion and negotiation on an equal footing overcoming
hierarchies, biases and stereotypes by all stakeholders.
2. Establishing a shared goal
As opposed to classical innovations - for instance inside one single enterprise - system
innovations require the inclusion of many different parties often equipped with
opposing goals, mindsets and biases. Therefore, a mutual understanding of the
problem and the establishment of a shared goal is of high importance in order to be
able to initiate effective and sustainable system innovations. This goal needs to refer
to the societal, technological and institutional aspects of the problem.

3. Research
Based on a shared goal, objective and valid insights concerning the stakeholders and
the context are needed to inform the process of concept development. Therefore, a
research phase should be conducted with, by and on stakeholders to gain a broad and
concise understanding of the problem. While research on stakeholders stands for
classical empirical methods focusing on the stakeholders (e.g. Visocky O'Grady and
Visocky O'Grady, 2017), research by and with stakeholders refers to the active
involvement and participation of stakeholders in collecting and decoding data (e.g.
Gaver and Dunne, 1999). Especially with regards to the context of ageing and
nursing, getting access to the tacit knowledge of various stakeholder groups is of high
importance in understanding the current state of the system. Systems evolve and
change in dynamic processes while values and norms as well as habits and routines
constantly affect the people in these structures.
4. Ideation and Design
Using the insights and tacit knowledge acquired during the research phase a classical
iterative ideation and design process is conducted to generate viable concepts and
solutions. Again, this phase follows the principles of co-creation and stakeholder
engagement. Depending on the size and composition of the group as well as the
structure of the problem tools from the sphere of design thinking (e.g. Kumar, 2013)
can be useful. In the later stage of the design process experiments can be seen as a
valuable tool to test drive concepts in real life setting that can be scaled and adapted
according to their performance. For instance, if the challenge of concern focuses on a
system innovation with regards to nursing, new concepts could be installed in a small
nursing home or just on department before scaling it to a broader initiative.
5. Realization
After designing and testing in numerous iterations a final concept is realized.
Depending on the structure and scope of the concept, this phase can be seen as either
more disciplinary or transdisciplinary, actively including various stakeholders in the
realization and use phase. As opposed to classical innovations system innovations are
significantly more procedural, requiring a series of steps by different stakeholders at
different times. Some of these processes cannot be fully planned but need to be
facilitated and monitored using a transdisciplinary meta-perspective.
6. Evaluation
With regards to system innovations evaluation is crucial. Since systems are
interrelated structures that constantly change and develop in partly unpredictable
ways, concepts that aim at creating or facilitating system innovations need to be
evaluated throughout the design process as well as after the realization. This can be
compared to classical post-occupancy evaluations in architecture (e.g. Hay et al.,
2017). One of the big challenges in evaluating system innovations is to identify and
quantify proper indicators that are able to measure the degree to which an intended
outcome has been achieve.

Conclusion
The herewith proposed framework is supposed to give guidance in establishing
system innovations in design for ageing. It is based on a transdisciplinary approach
including a variety of relevant stakeholder from fields such as academia, industry,
civil society and institutional parties in a co-creative process. By acknowledging the
complexity of the challenges and chances that are associated with the ageing
population, this framework endorses system innovations as a tool. These system
innovations can hardly be designed in the classical sense, but merely facilitated and
enabled. The actual realization of system innovations is done by the parties genuinely
involved in the system of concern.
While this framework gives an overall guidance for the process it does not solve some
critical problems that are related to transdisciplinary modes of work. To acquire the
right number of stakeholders and to identify the relevant ones can by challenging.
This applies in particular to the medical and nursing context, in which relevant
stakeholders can have limitations that impedes their participation in the process to
some extent. Furthermore, especially with regards to gerontology and the diversity of
systems and subsystems, this framework needs be tested in real projects to be
improved. In addition to that, more research is needed on what methods and tools are
useful to support this process.
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