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Abstract: Design of new and re-design of existing infrastructure systems will require creative
ways of thinking in order to meet increasingly high demand for services. Both the theory and
practice of design thinking helps to exploit opposing ideas for creativity, and also provides an
approach to balance stakeholder needs, technical feasibility, and resource constraints. This
study compares the intent and function of five current design strategies for infrastructure with
the theory and practice of design thinking. The evidence suggests the function and purpose of
the later phases of design thinking, prototyping and testing, are missing from current design
strategies for infrastructure. This is a critical oversight in design because designers gain much
needed information about the performance of the system amid user behaviour. Those who
design infrastructure need to explore new ways to incorporate feedback mechanisms gained
from prototyping and testing. The use of physical prototypes for infrastructure may not be
feasible due to scale and complexity. Future research should explore the use of prototyping
and testing, in particular, how virtual prototypes could substitute the experience of real world
installments and how this influences design cognition among designers and stakeholders.
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1. Introduction

Infrastructure systems account for the vast majority of energy use and associated carbon emissions in
the United States (US EPA, 2014). Unfortunately, emissions from these infrastructure systems
continue to increase annually (US EPA, 2016). At the same time, service capacity continues to
decline. For example, the U.S. electricity grid loses more power today than in the 1980’s (Hobbs &
Kameshwar, 2013; Hoffman & Bryan, 2012) costing businesses on average $150 million annually
(Department of Energy, 2014) and traffic fatalities rose in 2015, ending a 5-decade decline (Henry,
2016). The purpose of this study is to help those responsible for solving these complex infrastructure
problems develop new and creative ways of thinking.

Innovative thinking comes from the ability to exploit opposing ideas and constraints (Johansson-
Skoldberg et al.,, 2013). The theory of design thinking builds innovative solutions not only by
exploiting opposing ideas by also balancing stakeholder needs, technical feasibility, and resource
constraints (Brown & Wyatt, 2010). Navigating these dimensions requires iterations of perspective
taking, problem scoping, ideation, and testing (Dix, 2009; Vredenburg et al., 2002). There are
numerous prescriptive methods and approaches in design literature that help designers fluently



manoeuvre among these dimensions and constraints (Brown, 2008; Buchanan, 1992; Cross et al.,
1992; Faste, 1994).

One approach is the design thinking process develop by Hasso Platner (2006), which is well
established both within design literature (Plattner et al., 2010; Vredenburg et al., 2002) and in practice
(Plattner et al., 2010). It is effectively applied in health services (Joosten et al., 2009; Kimbell, 2011;
Kumar et al., 2009), software design (Burdick & Willis, 2011; Murty et al., 2010), and business
(Davis, 2010; Glen et al., 2014). For example, design thinking methodology has led to new procedures
and software that radically streamlined information exchange in hospitals, creating better-informed
patient care (Brown, 2008).

The paper begins by detailing the theory behind design thinking and presenting the five-step process
developed by Hasso Platner (2006). The methods section then outlines how current industry strategies
in design of infrastructure were chosen to compare to design thinking. The results and discussion
highlight current gaps in design strategies for infrastructure and the conclusion makes
recommendations to adopt an approach that better incorporates the dimensionality and iterative
process that comes from design thinking.

2. Backgrounds

Design thinking can be traced to the 1950’s and 1960’s, but it was not formally used until 1987 when
it appeared in Peter Rowe’s book Design Thinking (Rowe, 1987, 1991). Rowe defines design thinking
as a holistic approach where the problem is at the center of the solution production process, instead of
the traditional viewpoint that the design process shapes the solution. A more recent definition by
Martin (2009) refers to design thinking as integrative thinking, the ability to confront opposing
constraints to create new innovative solutions. Although the term design thinking continues to evolve,
what remains consistent is that design thinking takes designers through inspiration, ideation, and
implementation to deliver design solutions that are user centered.

The five step process proposed by Hasso Platner (2006) operationalizes design thinking, providing a
prescriptive process. The five-step process moves through from empathizing to defining, ideating,
prototyping, and testing. Through empathizing and defining the designer can begin by understanding
what users really want and need in order to develop an accurate problem statement. Ideation promotes
generating as many ideas as possible. Only after ideas are generated are they balanced with the design
constraints. Prototyping and testing generate user data to inform the process. This phase, in particular,
is an iterative process (Burnett, 2016).

Many fields have applied Hasso Platner’s design thinking process with successful results. It has
rapidly grown into other fields such as information technology (Dorst, 2011; Lindberg et al., 2011),
manufacturing (Cooper et al., 2009; Leong & Clark, 2003; Qi, 2009), and education (Dunne & Martin,
2006; Goldschmidt, 1994; Oxman, 2004). Below, the theory behind each of the steps are detailed, in
effort, to provide and illustrate the value they provide to the design process. In the methods and results
section these steps are then compared to existing design strategies for infrastructure.

The first step within design thinking is empathize. Empathy is the ability to accurately perceive what
someone else is feeling or experiencing (Gasparini, 2015; Kouprie & Visser, 2009). Empathizing with
the end users brings meaningful information into the early stages of design (Gasparini, 2015). The
process of empathy in design can be broken into four stages: discovery of the users’ world, immersion
in the users’ world with the user as the point of reference, the emotional connection with the
experience, and finally, the detachment from the users’ world into the designer’s own perspective
(Kouprie & Visser, 2009). In design thinking, empathy is the first step because it allows the designers
to understand the culture and context where the problem originates, which helps to reduce the biases
and preconceptions designers may have in order to place their perspective in the current world.

The second step is to clearly define the problem statement. Designers synthesize the needs and insights
they obtained from the previous step and develop an inventory of users’ needs and desires (Kembel,
2009). The previous step of empathizing helps to create a state of mind and brings new knowledge into
the process of defining the problem. Defining the problem is the step that directs the subsequent
efforts of the designers to solve the underlying root issues (Gestwicki & McNely, 2012).



The third step in the five-step design thinking process is to ideate possible solutions. The accuracy on
the previous two steps, empathize and define, is essential for the success of ideation because here is
where designers generate solutions to address the problem defined before. In ideation, designers are
encouraged to bring as many ideas as possible, without considering if the solutions are feasible. The
goal is to cross the limits of traditional design (Kembel, 2009). With all the ideas on the table,
designers should proceed to balance them among the multiple dimensions and constraints of user
desirability, technical feasibility, and resource constraints. There are many techniques to develop
creative ideation (Goldenberg et al., 1999; Jonson, 2005) and also to measure the effectiveness (Shah
et al., 2003) of the ideation processes. Design thinking is an iterative process in which ideation is the
first step where more promising ideas for solutions are selected, built, and then tested.

Prototyping the selected solutions is a central activity for innovative and creative design, allowing
designers to build hypothesized solutions. Prototyping helps frame the problem into a thinking-by-
doing methodology (Hartmann et al., 2006). The feedback obtained from users when they are testing a
product or service is much richer because users can see what the future looks like, which improves the
quality of data to feed the design. Prototyping in design thinking also reduces the fear of failure on
designers because they build the potential solutions early in order to get information. David Kelly
(2006) defines this step as failure immunity because designers see prototyping success or failure as a
mechanism to enrich the design process. The potential solution is then put to the users for them to test.
This stage gathers feedback about how well the prototype meets the needs of the end user (Razzouk &
Shute, 2012). The solution provided to the users is finalized in this step. However, design thinking is
an iterative process, which means that if the result of the solution is not satisfactory, the process does
not end but goes back to one of the previous phases, repeating each step as many times as necessary
(Dym et al., 2005).

This five-step design thinking process helps designers overcome the “fear of failure” because the
understanding of the real users’ issues elicited from the empathize and define steps allows designers to
build ideas on a solid foundation (Kelley & Kelley, 2006). Designers are encouraged to ideate without
thinking about limits and to use prototyping and testing as a feedback loop to continue improving the
design. While none of these steps individually are revolutionary, the prescriptive design thinking
process is accessible, allowing non-traditional or trained designers an approach to follow.

The accessibility of the process is why this approach was used to compare to current processes used in
design of infrastructure systems. In this study, we use current infrastructure design strategies that are
well defined from literature. The design strategies include stakeholder management, community
participation, charrette, lean design and construction, and value sensitive design. In the remainder of
this section, each of these design strategies is defined in more detail and compared to the functional
steps within the design thinking process.

3. Research Objective and Methodology

The objective of this study is to compare the intent and function of current design strategies for
infrastructure with design thinking practices. Five currently used design strategies were critically
reviewed. Similarities and gaps in intent and function between infrastructure design strategies and
design thinking are highlighted. Some of the design strategies for infrastructure are better established,
such as the charrette process, while others are still emerging, such as value sensitive design. The
origins of these design processes, the principles that govern them, and how they are applied were
categorized along each step of design thinking. This comparison is meant to overlay current practices
and illustrate opportunity for improvement during the design of infrastructure.

4. Results and Discussion

The design strategies that were compared to design thinking include stakeholder management,
community participation, charrette design, lean design and construction, and value sensitive design.
None of these five design strategies for infrastructure integrate all of the intended outcomes from the
design thinking steps. When these design strategies are compared to design thinking, they are
predominantly front loaded. Meaning, four out of the five strategies incorporate aspects of
empathizing and perspective taking and intentionally spend time to develop the problem statement.
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The majority do provide opportunity for ideation. However, none include a formalized feedback
mechanism that includes prototyping. Figure 1, illustrates this review of design strategies. In the
following subsections, each design strategy is further explained and more detail about the intent and
functional purpose are included and compared to design thinking.
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Fig. 1. Functional similarities between design strategies used for infrastructure systems and Hasso
Plater’s (2006) design thinking process

4.1. Stakeholder Management

Stakeholder management and design thinking share important similarities in their design processes.
Within literature about infrastructure, stakeholder management does not only mean searching to
understand what is important for the end-user but searches for a wider spectrum of all the stakeholders
who are involved in the project. In this wider spectrum, the end users’ input is just one out of all the
other stakeholders’ inputs. As a consequence of this broader spectrum of sources, designers define the
problem, balancing the feedback from all stakeholders. These multiple perspectives is meant to
remove the risk of overlooking root problems (Osman et al., 2007). However, it can also lead to
overlooking key user groups. Designers need to be conscious of when to use the acquired information,
making an explicit effort to empathize with the end-users and to include the end-users’ feedback in the
design phase. The process of balancing ideas for solutions between the constraints presented by the
stakeholders is a slight attempt to obtain feedback from stakeholders, which prototyping and testing do
in design thinking processes.

4.2. Community Participation

Community participation is a sub-task within stakeholder management; however, because of the large
amount of literature and applications (Berman et al., 1999), it is often studied independently.
Comparing community participation with design thinking, the empathize and define stages of design
thinking are exemplified by community participation. There is a conscious effort for designers to feel
what the end-user is experiencing, such that the designer can identify the roots from which the
problem originates. Second, ideation is also a trait in community participation, although it is not as
explicit as design thinking intends. Involving the community to also participate in the ideation process
brings solutions from multiple points of view; it is not about validating a proposed solution but about
validating that designers are asking the appropriate questions. This exercise allows ideas which may
not be common for one field to be put on the table by someone with another perspective. Similar to
stakeholder engagement, community participation does not propose provide or attempt to include
feedback through prototyping or testing exercises. In other words, community participation used
within infrastructure design is front loaded among the steps within design thinking.

4.3. Charrette



A charrette is a collaborative design method that aims to deliver a project with the support of all
stakeholders, while also significantly reducing the design delivery time (Lennertz & Lutzenhiser,
2014). The Charrette design process shares principles with early steps of design thinking. The first
design thinking step, empathy, is closely aligned with the Charrette design method, requiring a site
visit such that designers gain a sense of the culture and the community for which they are designing.
The location where the charrette occurs is also recommended to serve as the design site itself
(Lennertz & Lutzenhiser, 2014). It brings as many stakeholders’ opinions and feedback as possible
and it is in constant interaction with the community. Designers are encouraged to hold pre-charrette
visits and meetings, in effort, to lead toward identifying the root problem, which is the second step of
design thinking. Also, the constant feedback from the community and the stakeholders in general
keeps the design team from designing away from the underlying, root problem. The Charrette process
shares similar characteristics with the third design thinking step, ideation. The constant feedback from
the community suggestions bring new ideas to the design table (Brown & Wyatt, 2010).

While the Charrette process holds similar functions as empathize, define, and ideate in design
thinking, it falls short in prototyping and testing. To counteract this omission, the Charrette process
requires at least three feedback loops, which helps designers reduce their perceived risks, feeling that
they can fail twice as a function of the process. The Charrette process also does not have a step to test
the design along user behaviours or intended use. This is perhaps one of the big pitfalls of this
strategy; not all projects that use the charrette process get built (Lennertz, 2016). In design thinking,
testing helps clear the potential barriers to implement and adopt the design. Overall, the Charrette
process has strong traits that do function similarly at the the first three steps within design thinking,
yet, similar to the previous methods, falls short to provide adequate prototyping and testing of design
being used by the intended users.

4.4. Lean Design and Construction

In lean design and construction, designers and builders try to minimize the waste of resources—time,
money, materials—through a design process coordinating flow, conversion, and value characteristics
(Freire & Alarcon, 2002). One example is the application of prefabricated features to reduce
construction waste (Tam & Hao, 2014). Lean design and construction shifts the stakeholders and users
out of focus, bringing the delivery process to the center. Construction-led design does not involve
empathizing with the end-user, nor, as a consequence, defining the roots of the problem. In many
instances, lean design and construction techniques should be used in combination with other methods
and techniques. Here, designers focus on a set of project requirements without much consideration for
end-users. However, there is a form of the ideation similar to design thinking. The process of ideation
occurs when designers balance the ideas among the innovation constraints of technical feasibility,
economic viability, and specific project requirements. An important restriction to note is that the
technology feasibility is intended to mean within the construction process.

Lean design and construction provide opportunities for prototyping and testing. Construction-led
designers and engineers are encouraged to design artefacts, features, and processes that have already
been tested and that work for the intended purpose. Features and processes include prefabricated and
modular design, which can be prototyped and tested off-site, with better equipped locations and testing
facilities, improving the quality and reducing the risk of on-site work. Unlike the previous methods
described, lean design and construction do emphasize prototyping and testing in the design process.
Those who adopt this method recognize the value gained in the ability to test and innovative (Chen &
Taylor, 2009). Often this is described as an impetus to innovation, especially in construction (Al-
Sudairi, 2007; Ozorhon, 2012; Segerstedt et al., 2010).

4.5. Value Sensitive Design

Value Sensitive Design (VSD) is an integrative and iterative process that aims to understand values
and preferences of both the direct and indirect stakeholders (Friedman et al., 2002). VSD mirrors the
first steps of design thinking. VSD’s process of investigation is dedicated to understanding the direct
and indirect stakeholders, empathizing with them and learning which values are transcendental (Le
Dantec et al., 2009). This strong process of empathizing leads the designers to identify roots of the



problems and helps them define the problem accurately. VSD then puts together the users’
requirements and the technical feasibility through ideation (Friedman et al., 2002). VSD does not
explicitly state a prototyping or testing phase or mechanism to gain user feedback. Although VSD has
been used in design and information technology—fields in which testing prototypes is a common
step—however this may not be the case in other fields (van der Hoven & Manders-Huits, 2009).

5. Conclusion

The current infrastructure design strategies include functional similarities to the steps within Hasso
Platner's (2006) design thinking. Although, the formal strategies applied to design of infrastructure
appear front-loaded, emphasizing perspective taking, empathy, problem identification, and ideation
over prototyping and testing. To compensate for this lack of feedback, stakeholder management
attempts to obtain feedback from stakeholders, and designers early in the process but fails to provide
checks or revaluation later. Community participation engages stakeholders throughout the ideation
phase. The community is encouraged to propose their own solutions frequently. Feedback is
emphasized later in the design process but community participation fails to receive the rich feedback
provided through user observation and testing. The Charrette design process is more comprehensive,
integrating functional aspects of stakeholder management and community participation through three
structured feedback stages. These three stages hold a similar intent to prototyping and testing where
fear of failure is removed from ideation and testing. Lean design and construction replaces
downstream users with project constraints as the center of the process. Those who adopt a lean
approach value the ability to test and prototype in effort to develop more efficient processes and
products. Value sensitive design is an iterative process that provides feedback from users but does not
do so through observations or testing of prototypes. The evidence suggests the functionality and
purpose of the later phases of design thinking, to gain increasing feedback from user observations is
missing. This is a critical stage where designers learn information about the project performance and
its interaction with the users’ context and culture through built projects.

Those designing infrastructure need to explore new ways to incorporate feedback from users because
without closing the feedback loop, infrastructure designers are missing critical information to inform
design. Although, physical prototypes may not be feasible for every infrastructure design due to
economic or resource constraints. So, virtual prototyping may provide a solution. This includes
degrees of virtual reality from 2D, 3D and immersive experiences. More research is need to measure
whether and how virtual prototypes can substitute the experience of real world installments and how
this influences design cognition among infrastructure stakeholders.

While design theories certainly apply to design of infrastructure many methods were not created
with this scale and complexity in mind. The current methods for design of infrastructure appear
inadequate when compared to design thinking. Future research in design can help bridge this gap
by developing new and testing existing engineering design methods for large-scale infrastructure
systems. More specifically, research is needed in formalizing a feedback mechanism for
infrastructure design that includes observing user behaviour during interaction with the proposed
solution.
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