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Overview:
Designers can benefit from involving the user in the product development process. Understanding
how users perceive products can help designers make decisions that better accommodate user
needs. The integration of ABD and genetic algorithms (GAs) is proposed as a way to capture the
perceptions from users in the form of affordance quality evaluations. This research investigates how
those user perceptions can be used to improve or evolve product variants.
Motivation
There is still no clear connection between user perceptions and the form of products. Understanding
these relationships can enhance the way that designers define the shape of products based on
direct customer feedback. Gaining this understanding can become more complicated when a
product can be assessed on multiple criteria that can be conflicting. For example, how can the
designer define a specific shape of a phone knowing that the size of the screen affects its
portability? Moreover, those criteria could affect different aspects of the product differently,
meaning that the portability of that phone might only be affected by its depth and not the
combination of its height, width and depth dimensions. The challenge of solving this problem lies in
successfully linking the form of products to the criteria that users evaluate. Such link can be found if
the appropriate theoretical background that defines the criteria is used.
State of the Art
Researchers have created methods that involve the user in the product development process at
different stages [1–6]. However, these methods take a long time to generate improvements and do
not relate the form of products with the feedback obtained from the users (meaning the
information gained cannot be reused). To mitigate this problem, efforts have been made that
explore the connection between user perceptions with the overall product using optimization tools
[7–15]. Though these methods solve the problem of achieving improvement faster, they still do not
define how user feedback directly affects the shape of products. Nguyen et al. [16] proposed the
integration of Affordance Based Design [17] and Genetic Algorithms to evolve product forms.
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Though their experiments did not use real customers as evaluators, it offers a way to link user
perceptions with the shape of products.
Intellectual Merit
The hypotheses tested in this research are:


Product variants can be evolved using an affordance-genetic algorithm integration that uses
real end-users to evaluate the quality of product affordances.



Relationships between the affordances and the design parameters of the product can be
extracted from the evaluations of end-users.

The theoretical background used in this research comes from Affordance Based Design. The
affordances of products define the interactions between the users and the product itself. These
hypotheses come from the fact that affordances are defined by their quality (how good a product
offers a particular affordance, which could be assessed by users) and their form dependence (which
suggests that there are relationships between affordance qualities and the shape of products). The
previous hypotheses can be summarized in two main research questions:
1. Can design variants be evolved using an affordance-genetic algorithm integration that uses
end-users' input?
2. Can relationships between affordances and design parameters be extracted from design
evolution experiments results?
a. Can affordance and design parameters relationships be used to predict user
assessments?
Answering these questions would offer a way to predict how product form is perceived by crowds of
users.
Broader Impact
This research can help designers gain a better understanding of how their products are perceived by
end users. Designers would have better tools to design and improve products that better meet user
needs. If used consistently on a large scale, products would be released with less design flaws.
Research Approach
The Affordance Based Design and Interactive Genetic Algorithm integration is proposed as the core
mechanism to extract user evaluations. The Genetic Algorithm (GA) implementation basically looks
at the evolution of products as an optimization problem, where the feedback from users is being
maximized. The GA is in charge of generating solutions which have to be evaluated by the users. The
integration requires the development of a design tool that captures user feedback; the tool's
operation is explained in Figure 1.
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Figure 1 ABIGA operation

A steering wheel is used as a proof of concept to test if the ABD/IGA integration can evolve products
through the quality evaluation of their affordances by end-users. Six experiments are performed.
Three of these experiments are done with real users and three experiments are done with a random
input that replaces real users (to discard the possibility that evolution can be achieved out of
chance).
Findings to Date
The results from the experiments show that evolution can be achieved with the proposed
integration. Relationships between the affordances and the design parameters of the steering wheel
were found. Evolution was not observed with the random input, meaning product improvements
are not likely to happen under this framework out of chance. The results confirm that the proposed
integration can be used to process customer feedback to improve design variants.
Conclusions
The ABD/IGA integration has proven to be effective in evolving product shape, that is, the external
characteristics of products. How the affordance quality assessments affect the internal aspects of
products has not been explored in this research.
The quality assessments of affordances can be related to the design parameters of products. The
fact that these relationships can be expressed mathematically means that the user assessments of
the affordances can be predicted when applied to the redesign of the same product or similar
products.
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