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ABSTRACT

This paper proposes a categorization of existing approaches to healthcare-related engineering design
based on systems thinking principles. Three existing approaches to healthcare-related engineering
design are isolated which contribute differently to health systems fundamental purposes and
interconnections. The three approaches are labeled as 'silent', 'overt', and 'convergent' health design.
Each approach is defined and illustrated through an example. Following, practical advantages and
disadvantages of each approach are discussed. A reflection is offered on the expected relevance of the
convergent health design approach for present and future societal challenges in the health domain, and
specifically on the recently growing field of e-health. Finally, open methodological challenges related
to convergent health design are outlined and characterized as opportunities for future research.
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1 INTRODUCTION

On several occasions, engineering design disciplines have been indicated as a field of study that is
relevant for the support of health systems at large (Reid et al., 2005; Ross, 2009). In particular,
branches such as industrial and systems engineering (Valdez et al., 2010), information technologies
(Payton, 2011), and human factors and ergonomics (Gurses, 2012) have been explicitly advocated as
desirable allies of large scale health-related efforts. To maximize the effectiveness of the alliance
between engineering design and healthcare, some authors have pointed out the need for design
engineers to ‘better understand the healthcare systems, including the users of that system, as the
context into which specific design solutions must be delivered’ (Clarkson et al., 2004). Ever since,
new health-specific engineering design approaches, such as the Biodesign process (Yock et al., 2015)
were formalized that include an element of ‘direct immersion’ in clinical contexts to identify unmet
needs. These approaches, however, are more meant to support practitioners in developing propositions
that “fit” in existing health systems, than to obtain systemic impact through specific engineering design
methods. Still recently, the limitations of current engineering design practices in generating large-scale
health value were acknowledged, and new theoretical and empirical research initiatives were
demanded taking a systems perspective on healthcare product and service design (Patou and Maier,
2017). The present contribution is to be regarded as a response to the theoretical side of this demand.
Specifically, the paper introduces a categorization of existing approaches to health-related engineering
design grounded on systems thinking principles as defined in Arnold and Wade (2015). The overall
research question is formulated as: What are the differences in the way distinct design engineering
approaches result in systemic impact in the health domain?

The paper is built as following. It starts with a description of the process followed to distinguish
existing engineering design approaches and their differences in affecting health systems. Then, each of
the approaches (silent health design, overt health design and convergent health design) is presented
and demonstrated through an example. Finally, the approaches are compared and the relevance of
convergent health design for upcoming societal challenges in the health domain is discussed.

2 THE IMPACT OF ENGINEERING DESIGN ON HEALTH SYSTEMS

To answer the research question, we follow a three-step process. First, health systems are characterised
in their essential systemic outlook through a ‘system test’ (ibid.) performed on traditional definitions.
Secondly, the possible roles of engineering design processes in this systemic outlook are inferred.
Finally, existing approaches to engineering design are differentiated by characteristics that are expected,
in principle, to determine the fulfilment of such roles.

2.1 Health systems’ systemic outlook: a two-way road

In traditional systems thinking literature, systems are described to consists of elements, interconnections,
and a function or purpose (Meadows, 2008). Following, we provide an essential structure for health
systems in general, derived from traditional definitions, which can then be detailed and completed to
describe specific health systems with their distinctive characteristics.

Health systems are traditionally defined as ‘the combination of resources, organization, financing, and
management that culminate in the delivery of health services to the population’ (Roemer, 1991). As
such, health systems inherently appear to include at least two elements, being (1) the health providers
and (2) the health recipients - the latter being interchangeably identifiable as ‘population’, ‘patients’,
‘customers’, or “citizens’ depending on the framework of reference (van Olmen et al., 2010); and at least
a purpose, being the delivery of health services to the population. Also, health systems include at least
one interconnection between the two main elements, which are linked by mutual dependencies. Some
frameworks, for example, identify health systems addressees as the ‘demand-side’, distinguishing them
from the apparatuses producing and disseminating healthcare which are identified as the ‘supply-side’
(Cassels, 1995). In this sense, health providers and health recipients can be seen as being linked both by
‘push’ and ‘pull’ connections. The two-way nature of the interconnection is, also, reflected in the
information flows travelling across the system, which move both from health providers towards health
recipients (e.g. in the case of doctors informing patients about diseases) and from health recipients
towards health providers (e.g.in the case of patients describing symptoms to their doctor).

Both of these kinds of information exchanges can be either direct (e.g. as in-person interactions) or
derived (e.g. through the use of e-health solutions). Altogether, the inputs departing from the health
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recipients towards health systems can be seen as inherently afferent to the domain of health research,
defined as ‘the people, institutions, and activities whose primary purpose is to generate high-quality
knowledge that can be used to promote, restore, and or maintain the health status of populations.’
(WHO, 2018). Conversely, the inputs departing from health providers to health recipients can be seen
as afferent to the domain of health practice or health services, defined as ‘all services that have as
primary purpose the improvement of health’ (van Olmen et al., 2010). The relation between health
research and practice has been at the centre of long lasting academic debate (see e.g., Cabana et al.,
1999; Grol and Grimshaw 2003; Green et al., 2009). Specifically, systemic dysfunctions in the
interconnections between the two domains have been problematized as the ‘knowing-doing gap’
(figure 1), defined in clinical literature as ‘the gap that exists between what we know works based on
the best available evidence and what we clinically practice’ (Umscheid and Brennan, 2015). The
knowing-doing gap constitutes a large-scale issue in modern medicine, as it undermines the benefits
that can be achieved through advances in medical science (Cochrane et al., 2007).

health research

knowing-doing gap

Health Health
providers recipients

health practice

Figure 1. Visualization of health systems as a process flow

2.2 Engineering design roles in health systems’ systemic outlook: knowledge and
practice

In the second step of our process, the possible roles of engineering design processes in the previously
defined systemic outlook are inferred. The most obvious role of engineering design processes within
health systems is connected to the development of new health artefacts, here defined as any product,
system, policy, protocol, or service aimed at the pursuit of health and wellbeing. Specifically, through
the development of health artefacts, engineering design disciplines play a systemic role in the way
health practice is performed, in the measure in which said health artefacts enable or mediate aspects of
health practice. A possibly less obvious systemic role of engineering design within health systems is
connected to the knowledge generated through engineering design processes. This knowledge can be
divided at least in two categories; 1) knowledge obtained through health research methods, which adds
to the disciplinary body of knowledge of the different branches of health research (e.g.; when clinical
trials are performed as part of the development process of a new health artefact), and 2) knowledge
obtained through design research methods, which adds to the disciplinary body of knowledge of
engineering design (e.g.; when usability tests are performed as part of the development process of a
new health artefact). The generation of both kinds of knowledge plays a systemic role in the
functioning of health systems, since the former directly contributes to health research processes and
the latter indirectly contributes to health practice processes. To sum up, thus, engineering design
processes are inferred to play three possible systemic roles; 1) generating new health artefacts 2)
generating new health knowledge through clinical research conducted as part of an engineering design
process, and 3) generating new design knowledge through design research conducted as part of an
engineering design process.

2.3 Differentiation of engineering design approaches: three types of systemic impact

Notably, not all kinds of design engineering processes play all of the previously defined systemic
roles.

Specifically, engineering design approaches which do not result in the generation of one or more new
health artefacts should not be considered to fulfil the first systemic role, while engineering design
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approaches which do not include health research as part of the new health artefact development
process should not be considered to fulfil the second systemic role, and engineering design approaches
which do not include design research as part of the new health artefact development process should
not be considered to fulfil the third systemic role. Therefore, in principle, the three characteristics 1)
generation of one or more new health artefacts; 2) presence of a design research processes; and 3)
presence of a health research processes can be employed to surface differences in the way existing
design engineering approaches impact on health systems.

For practical reasons, the case of engineering design processes which do not result in the generation of
one or more new health artefacts will not be confronted in this paper; while constituting a conceptual
and pragmatic possibility, we believe these cases are not only relatively rare, but also uninformative
for the purpose of understanding systemic impact. As such, only approaches resulting in the generation
of one or more new health artefacts will be examined, and each type of health design approach will be
defined and compared in terms of 1) presence of a design research processes and 2) presence of a
health research processes. These two characteristics can interplay with each other to generate four
possible scenarios, listed in Table 1.

Table 1. Approaches to health-related design engineering

Silent health design | Overt health design | Convergent health design /
Presence of a No Yes Yes No
design research
processes
Presence of a No No Yes Yes
health research
processes

The case of engineering design approaches that include health research and do not include design
research will not be confronted in this paper, as such cases would essentially consist of clinical
research initiatives, whose relevance for the design engineering community is expectedly null.
Conversely, the remaining three approaches will be described and compared in detail. They will be
referred to as ‘silent’, ‘overt’, and ‘convergent’ health design. We will illustrate each approach
through an example, obtained by 1) using several combinations of keywords (such as ‘design
engineering healthcare’) to search, in Google Scholar, for literature describing design engineering
processes resulting in the development of new health artefacts; 2) selecting the examples that were
more extensively documented from the point of view of the two characteristics of interest for the
present research (presence of a design research processes and of a health research process).

3 SILENT HEALTH DESIGN
3.1 Definition: health design that does not include any kind of research

‘Silent design’ is a term introduced by Gorb and Dumas (1987) to denominate design activities that are
not called design and are carried out by individuals who are not called designers. In the health domain,
this definition applies to a whole era of health artefacts development. Silent health design has been, for
instance, employed by a number of surgeons ‘building their own wheel’ and crafting new
instrumentation inspired by everyday experience (Ailawadi et al., 2010), or by ambulance staff
serendipitously creating new ways of fixing rescue information ‘on-the-go’ by writing on their own
gloves (Pannunzio, 2016).

While silent health design process can be driven by in-depth clinical and contextual knowledge gained
through practical experience, these are conducted by profiles who lack formal design education, and
tend therefore not to follow a formal design research process. As such, the systemic impact of silent
health design processes is limited to a one-directional flux of influence from health providers to health
recipients (Figure 2).

Finally, silent health design may be conducted by one or more individuals afferent to a same
discipline, and does not inherently require a multidisciplinary team composition, given the one-
directional, straightforward nature of the health artefact development process.
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Figure 2. Visualization of a silent health design process, including input from health
providers (in the form of clinical knowledge) and output towards health recipients (in the
form of the designed health artefact)

3.2 Example: the Metzenbaum scissors

Myron Firth Metzenbaum (1876 —1944), otolaryngologist, is the inventor of several health artefacts,
including the “drop-ether anaesthesia” method and the bifocal operating spectacles. Yet, his fame is
mainly due to the Metzenbaum scissors, one of the most ubiquitous tools in modern organ operations.
This health artefact has been described to have arisen out of sheer practical necessity; according to
Ailawadi et al. (2010), Metzenbaum himself had rather small hands, leading to difficulties in
executing tonsillectomies. He thus had the idea of crafting scissors with an increased shank-to-blade
ratio, allowing for more precise manoeuvring. According to Metson (1994), Metzenbaum explicitly
avoided patenting his inventions, and surgical instrument companies of his time spontaneously started
including the new scissors in their catalogues, resulting in widespread clinical adoption. The invention
of the Metzenbaum scissors satisfies all of the conditions for silent health design as defined in Table 1;
Metzenbaum did not follow any design research or clinical research process, and all that was
necessary for the health artefact development was its conception and production.

4 OVERT HEALTH DESIGN
4.1 Definition: health design that includes design research

For Gorb and Dumas (1987), ‘overt” design differs from silent design in that it is explicitly recognized as
design and it is carried out by individuals who call themselves designers. In the health domain, cases of
overt design abound and are increasingly reported in specialized literature. Bruce Archer’s project in the
early 1960s leading to the development of the ‘King’s Fund Bed’, a predecessor of modern hospital beds,
is considered as one of the first examples of design in the health domain (Park, 2015). Being conducted
by professionals who hold formal design education, overt health design projects typically include a
design research process. As such, overt health design processes include at least two kinds of specialized
knowledge; 1) knowledge that is ‘imported’ from clinical disciplines; and 2) design knowledge that is
generated during the internally conducted design research process (Figure 3).

research

Health Overt Health

providers health recipients
design

practice

Figure 3. Visualization of an overt health design process, including input from health
providers (in the form of existing clinical knowledge), input from health recipients (in the form
of design-generated knowledge), and output towards health recipients (in the form of the
designed health artefact)
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4.2 Example: rehabilitation device for cerebral palsy patients

Weightman et al. (2009) extensively describe the engineering design process leading to the
development of two rehabilitation devices, including a computer game, for children with cerebral
palsy. Target users, including children, parents and caregivers, and clinical experts such as medical
doctors and paediatric physiotherapists were involved in the design process. As such, the process
included both specialized clinical knowledge (such as notions on the therapeutic benefits of exercise
for children with cerebral palsy) and design-generated knowledge on the users and their context (such
as the notion that the favoured TV shows among target group children were Scooby Doo and The
Simpsons). The rehabilitation devices were evaluated and iterated upon through qualitative and
guantitative evaluation of aspects such as comfort, enjoyment and aesthetics.

5 CONVERGENT HEALTH DESIGN
5.1 Definition: health design that includes both health and design research

‘Convergent’ health design is described as a third approach to the development of evidence-based
health artefacts, distinguished both from silent and overt health design. As in overt health design, the
process is called design and is conducted by formally trained designers. Also, this approach, too,
integrates both ‘imported’ clinical knowledge and ‘self-generated’ design knowledge as input for the
design process. This approach, however, includes structured clinical research, resulting in the creation
of new health knowledge that can then be ‘fed back’ to health providers (Figure 4). Because both a
design and a research process are followed at the same time, convergent health design can be
considered as a particular form of Research Through Design (Zimmerman et al., 2007), and perhaps
more specifically, as a form of Design-Inclusive Research as described in Horvath (2007).

A feature of particular interest in the convergent health design approach is the collection and analysis
of clinically relevant data as part of the health artefact evaluation. The presence of this clinical, data-
driven component facilitates the distinction between convergent and overt health design as previously
defined; in the described overt health design example, for instance, no clinical study was executed to
evaluate the rehabilitation devices, which were tested through ‘non-clinical’ parameters alone.

research

Health
recipients

Health
providers

Convergent
health
design

S

practice

Figure 4. Visualization of a convergent health design process, including input from health
providers (in the form of specialized knowledge), input from health recipients (in the form of
design-generated knowledge), output towards health recipients (in the form of the designed

artefact) and output towards health providers (in the form of new health knowledge
generated through clinical research)

5.2 Example: Statin Choice, a decisional aid for statin treatment

A research group at the Mayo Foundation developed a decision aid, named Statin Choice, for patients
with diabetes who were considering using statins to reduce their cardiovascular risk. The project,
described extensively in Montori et al. (2007) and Breslin et al. (2008), was led by a multidisciplinary
team including formally trained designers and clinical researchers. A structured design process was
followed that included both ‘imported’ clinical knowledge (such as notions on the effectiveness of
statins treatment in reducing cardiovascular risk in diabetic patients) and ‘self-generated’ design
knowledge (such as notions derived through observations of patients-clinician interactions while
deciding about initiating the treatment). The decisional aid was evaluated in a randomized trial against
a standard educational pamphlet, which concluded that the use of Statin Choice as a decisional aid was
associated with ‘apparently greater’ statin adherence at three months (Weymiller et al., 2007).
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6 DISCUSSION
6.1 Approaches comparison

The present research includes several limitations. Firstly, the process resulting in the identification of
the three approaches is purely conceptual, and empirical research methods might surface entirely
different types of approaches. Secondly, the identification and examination of the approaches concerns
past projects, and does not necessarily provide insights on how to organize future enterprises so to
obtain the desired kind of systemic impact. To make any considerations of this nature, further research
would be required including careful examination of a larger volume of health design projects of each
kind. However, a few preliminary considerations can be made on the practical advantages and
disadvantages we can expect to be associated with each approach regarding process complexity and
outcomes characteristics.

A practical advantage of silent health design when compared to the other two approaches is its relative
simplicity and straightforwardness, resulting in faster and cheaper health artefact development
process. However, the approach presents the disadvantage of relying entirely on the creativity and
initiative of someone holding first-hand experience in the clinical field. While such occurrences should
certainly be welcomed, they should not be considered as a formal responsibility of health providers -
who are normally trained to follow protocols, rather than to be innovative. Limiting health products
and services development to such serendipitous events would result in missing on fruitful
opportunities for innovation that can be obtained by having professionals who are ‘trained’ in product
or service development to employ their skills in the clinical domain.

A practical advantage of overt health design when compared to the other two approaches is its explicit
inclusion of an understanding on users and their context in the design process, while still affording a
relative process agility compared to convergent health design. However, expected disadvantages of
this approach include the lack of a strong clinical evidence base, possibly affecting outcomes quality
in terms of; 1) clinical performance, and 2) eagerness of health providers at large to adopt the
developed health artefact in clinical practice.

Finally, a practical advantage of convergent health design when compared to the other two approaches
is its characteristic of providing a ‘closed loop’ of knowledge transfer between health providers and
recipients (Figure 3), allowing for fruitful influences in both directions. However, expected
disadvantages of this approach include a uniquely high degree of complexity, due to; 1) the need for
close multidisciplinary alignment between design engineers, health researchers, health recipients and
possibly other stakeholders, and 2) the need for long and costly clinical research procedures. In short,
while none of the described approaches should be considered to be preferable per se, it is defended
that each should be considered to affect health systems differently. Depending on the challenge and on
the specific characteristics of the targeted health system at a certain moment in time, different
engineering design approaches are expected to prove more beneficial than others. As such, the
distinction between the three approaches constitutes a step forward in the theoretical understanding of
the contribution of design engineering to the health domain from a systemic perspective. It is, finally,
important to observe that the three approaches do not necessarily exclude each other, but can
peacefully coexist, even within a same organization or research institution.

6.2 Convergent health design and future societal challenges in the health domain

As previously touched, a key advantage of the convergent health design approach is its enabling of a
loop of knowledge circulation between health providers and health recipients. Through convergent
health design, the knowledge on ‘health users’ and their context that is generated through engineering
design research is not only embodied in the health artefact, but can be propagated and built upon by
other health professionals and design engineers. Contextual knowledge preservation and transfer
constitutes a desirable characteristic of all ‘knowledge-intensive’ design projects, in which, often, new
specialized knowledge is generated yet remains undisclosed (Stappers, 2007). Conversely, feeding
such knowledge back to the disciplinary sources determines, in the health domain, the potential for
convergent health design to bridge the knowing-doing gap as characterized in section 2.1. Such a
bridging can lead to concrete societal advantages, both in the present and future. In the present, a
wider application of convergent health design approaches holds the promise to result in increased
adoption of evidence-based interventions both by the health providers and health recipients. As noted
by Damschroder et al. (2009) ‘many interventions found to be effective in health services research
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studies fail to translate into meaningful patient care outcomes across multiple contexts. In fact, some
estimates indicate that two-thirds of organizations’ efforts to implement change fail’. In the future,
foreseeable societal and sociotechnical challenges appear to be particularly suitable ground for
convergent health design. E-health and decentralized medicine, especially, constitute domains in
which a balanced integration between user-centeredness, technical soundness and clinical rigour
appears to be fundamental for ethical, safe and effective innovation. As noted by Jones (2013), ‘the
decentralized “future of medicine’ scenarios articulate radical changes in technology but fail to address
changes in cultural meaning (...). If patients are forced by economic changes to trust a technology
instead of a physician, the ethics of “brave new healthcare” scenario become socially problematic.
Considering the ongoing shift towards chronic, non-communicable disease as a global cause of
morbidity and mortality (Murray and Lopez, 2013), and the consequent growing need for e-health
based, decentralized solutions for delivering health to the population (Kruk et al., 2015), convergent
health design becomes a strategic area for future-oriented research. Specifically, at the CardioLab, one
of the Delft Design Labs at the Industrial Design Engineering faculty of the TU Delft, we intend to
investigate the potential of convergent health design for advancing cardiovascular prevention research
and practice, with a specific focus on e-health technologies. By developing integrated smart solutions
for cardiovascular prevention through participatory design methods that involve both health providers
and health recipients, we expect not only to generate new health artefacts, but also to generate both
new design and health knowledge, which will complement and enhance knowledge gained through
mono-disciplinary efforts. Such expectations are consistent with scholars such as Green (2008), who
conceives ‘a future in which the cumulative, building-block tradition of evidence-based medicine from
highly controlled trials would be complemented by a parallel development and support of a tradition
of participatory research and evaluation conducted in practice settings’ and as Sharp et al. (2016), who
elaborate on the importance of convergence (the ‘integration of insights and approaches from
historically distinct scientific and technological disciplines’) for the future of health.

6.3 The way forward for convergent health design

Recently, first attempts at large-scale, strategic prioritizations of approaches afferent to convergent
health design have been reported. The World Health Organization released a global strategy executive
summary for the time window 2016-2026 revolving around the recognition that the ‘benefits of a
people-centred and integrated approach are well documented: increased delivery efficiency, decreased
costs, improved equity in uptake of service, better health literacy and self-care, increased satisfaction
with care, improved relationships between patients and their care providers, and an improved ability to
respond to health-care crises.” (WHO, 2015).

Yet, the way ahead is long and uncertain; convergent health design being a relatively recent approach
to health artefact development, further research is required to reach a thorough understanding of the
approach own methodological challenges and ways to overcome them. The development of new,
effective ways to enable mutual understanding between design engineers and health researchers, for
example, or to orchestrate data collection infrastructures that can feed both clinical and design
research, would constitute invaluable progress in building a solid and effective tradition of convergent
health design. Regarding this latter challenge, we can already find inspiration in the field, for instance
in studies such as ‘Designing for co-responsibility to improve patient engagement, a data-enabled
approach’ (Formulier Voor Medisch-Ethische Beoordeling en Registratie, 2018) from Ineke
Neutelings and Jos-marien Jansen, in which sensor data from bariatric patients was collected both to
conduct design research and to investigate the clinical relevance of the data itself. Other stimulating
examples in which data explorations led to convergent value-creation scenarios can be found in van
Kollenburg et al. (2018), who explored the value of self-tracked data for end users, healthcare
professionals and design researchers through innovative design research approaches. In this spirit, this
paper constitutes an open call to all design engineers working in the health domain to recognize the
extent of their own role within healthcare systems, identify common challenges, share insights and
best practices, and foster mutually beneficial interdisciplinary dialogue.

7 CONCLUSION

This paper offered a description of three different engineering design approaches to the development
of health artefacts. The approaches were characterized as ‘silent’, ‘overt’, and ‘convergent’ health
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design. Each approach was defined and illustrated through an example, and practical advantages and
disadvantages of each approach were discussed. A reflection was offered on the relevance of
convergent health design for upcoming societal challenges in the health domain. Finally,
methodological challenges related to convergent health design were outlined and characterized as
opportunities for future research.
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