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Abstract. Inclusive design focuses on diversity. The contextualized user-sensi-
tive design framework of the interaction system needs to analyze and deal with
complex diversity factors, which challenges the traditional design process, tools,
and methods. Therefore, new technological progress is needed to provide more
innovation potential. The authors point out that the design process of smart prod-
ucts is evolving in response to uncertainty. In the future, diversity-oriented design
will tend to allocate design resources and values in an algorithmic way rather than
the compromised unity solution. This paper analyzes the limitations and potential
of the application of Al technology represented by deep learning in diversity-
oriented design practice and design research, puts forward the goal and direction
of further research, and discusses the critical links of Al-enabled diversity design
in interdisciplinary research environment.
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1 Introduction

In order to make inclusive design sustainable in the competitive commercial environ-
ment, the authors’ research focuses on the interdisciplinary study of inclusive design,
economics, and technologies. As a design methodology initially driven by values, in-
clusive design advocates that design should pay more attention to the diversities of peo-
ple. However, the existing design research generally focuses on how to realize and
achieve inclusion in design. The lack of research on the causes and internal driving
forces of inclusive design limits its expansion to broader and more universal economic
and social fields.

Inspired by Matteo Bianchin and Ann Heylighen’s concept of design fairness and
justice [1, 2], we studied inclusiveness as an additional attribute of products from the
perspective of supply/demand distribution in economics and give it economic definition
and measurability. We also preliminarily summarized the economic causes of design
exclusion, corresponding optimization strategies and sustainable constraints [3].

In view of the diversity of users and contexts in the human-computer interaction
(HCI) system, we constructed a contextualized user-sensitive design framework (Fig.
1) based on the analysis of the interaction between the behavior model and various
elements. We studied the diversity and impact factors in the HCI system from the two



primary dimensions of users and contexts. Our research regards the user's demands and
capabilities as the functions of the dynamic interaction between the user's characteris-
tics and the environment instead of fixed parameters, and proposes a new user research
and analysis tool for user-sensitive design. Based on the contextualized user-sensitive
design framework, the methods and system elements of user-sensitive design and con-
textualized design are studied, as well as the possibility of inclusive design by combin-
ing the two [4]. However, if designers want to customize their design to wrap each
user’s flexible demands and capabilities in different contexts, instead of summarizing
diversity as a series of moderate equilibrium points, traditional design processes, tools,
and methods are difficult to effectively analyze and deal with complex diversity factors
and realize the inclusion of diversity required by contextualized user-sensitive design.
Therefore, new technological advances are needed to provide more innovation potential.
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User Sensitive Design

Fig. 1. The basic principle of contextualized user-sensitive design framework. It is to meet the
different needs of users with different ability levels in the same scenario, and to ensure that the
same user has the same experience in different scenarios [4].

2 The Shift of Design Process

Diversity-oriented design echoes the trend of technology, industry, and economy shift-
ing from physical to digital. Traditionally, the physical design paradigm represented by
architectural design and industrial design is to seek the best solution under constraints
from the preset purpose, thus providing high-quality original design for mass produc-
tion of high-cost physical products.

The double diamond model (Fig. 2) proposed by the British Design Council summa-
rizes the basic paradigm of the design process described by the traditional design re-
search theory [5]. The two significant diamonds respectively represent two processes.
The former process is:

Discover: Start from the initial clear design challenges/objectives and seek to under-
stand various possible causes/constraints through divergent research.

Define: Through analysis, clearly define the requirements and problems, thus deter-
mining the corresponding design principles and methods.

Based on the problems identified in the previous process, the latter process then:



Develop: Try various methods and means to meet the demands and solve the prob-
lems.

Delivery: Determine the final output and solutions.

The two diamonds which define the requirements and the solution have both rele-
vance and relative independence. Multiple loop iterations may be required between dif-
ferent nodes or even the entire process. For designers, in specific design practices, many
design processes are often directly informed of requirements through design briefing.
These demands and problems determined by customers or clients may not have been
carefully studied in the Discover and Define stages, or may have been obtained from
the professional perspective of product managers or other roles and departments such
as marketing. Designers need to decide whether to approve and accept these existing
requirement definitions and/or communicate with the corresponding proposer of the
requirements. Fortunately, for design researchers, the choice of research topics often
has a certain degree of autonomy, and they can start from the research purpose, inject
more energy into the Discover and Define stage, to make the research development and
output more targeted.

Discover Define Develop Deliver

pmmmy
. Sy

Design
Principles

4
4
Challenge * 1 Outcome

Methods
Bank

~
~ -
Srrnmmm==”

Fig. 2. The British Design Council’s double diamond model [5].

However, the virtual design represented by interaction design, experience design, and
service design is different. The new paradigm is to establish and match the most suitable
solution for diversified needs and individual users under the preset target framework.
The reproduction of digital products needs little attention due to little marginal cost,
and its supply bottleneck lies in the richness and inclusiveness of design. It aims at
establishing a mechanism to generate an uncertain design scheme according to uncer-
tain needs, capabilities, and situations under the guidance of definite objectives (Fig. 3).
This process makes it difficult for designers to cope with the challenges of diversity and
uncertainty by relying on traditional design methods and tools that seek deterministic
solutions. Traditional engineering methods that focus on accuracy and certainty have
limitations in helping to solve design problems that are full of uncertainty and complex-
ity. Qualitative research methods in sociology often have to spend much energy on the



collection and analysis of unstructured data such as field investigation, which is chal-
lenging for large-scale applications in commercial design projects that focus on quick
response and efficiency. Artificial Intelligence (AI) may be used to help define different
problems, and even provide a variety of solutions/outcomes. (Fig. 3)
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Fig. 3. Evolved design process of diversity-oriented design summarizes differentiated design
problems and produces diversified solutions under the same design purpose.

3 Potential of AI

As low-cost mass customization becomes possible, the design methods to deal with
diversity will rely more on inclusivity distribution instead of unity integration. Alterna-
tively, to use the game theory terminology analogy, it is a more mixed strategy instead
of a pure strategy. The future diversity-oriented design requires that the design output
and even the design itself should become an "algorithm". For specific design purposes,
the designer or the designed system needs to establish a mapping relationship between
diverse demands and supply. The design process is the exploration and dynamic opti-
mization of the supply potential and its mapping relationship. Designers are supposed
to be competent for similar work in a particular field, but the enormous and complex
demands may make the diversity-oriented design tasks extremely heavy and make de-
signers struggle to cope with them. Moreover, designers' knowledge structure may not
be sufficient to explore the characteristics of different users and different situations in
various fields, which requires learning.

In recent years, machine learning technologies such as deep learning have proved
their unique advantages in image recognition, NLP (Natural Language Processing),
game, and other pattern recognition fields. Although some research has shown that the
efficiency of deep learning systems in learning abstract and sophisticated rules is far
less than that of human beings [6], sufficient data sets can make up and release the
potential of deep learning to a great extent. With the migration and expansion of design
research and practice to emerging fields, the types, forms, and accessibility of user and
context data have increased significantly. More and more abundant data makes it pos-
sible for designers and design researchers to apply data-dependent Al technologies.



Like image and speech recognition, if Al can learn the features of specific users/sce-
narios and their corresponding design patterns, and set corresponding design parame-
ters accordingly, it can also provide reference designs for designers or provide alterna-
tive solutions for users. This kind of technology will greatly enhance the supply capac-
ity of diversity-oriented design, thus improving the design inclusiveness of diversity
requirements.

Existing deep learning and related technologies are still at an early stage in under-
standing; the results of training based on a large number of training examples are far
from the abstract concepts summarized by human beings [7]. Deep learning classifiers
are vulnerable to targeted input attacks. Some interferences that do not affect human
perception will also significantly reduce the performance of machine-learning trained
strategies [8]. Deep learning allows computers to construct complex concepts through
simple concepts [9], but deep learning system's generalization and combination ability
is still insufficient, so it often requires a huge training example set [10]. The profes-
sional experience of designers and design researchers can help optimize the design of
deep learning systems for distributed representation of feature abstraction.

On the other hand, from AlphaGo's stunning performance in the Go chess field and
DeepMind's open technical framework, it can be seen that the "black box" neural net-
work can achieve performance beyond human level on specific tasks although it cannot
directly help us to understand and explain the mysteries of the game more deeply. The
"black box" may lead to some divergence of values. Some researchers worry that this
state of "knowing what and not knowing why" is a significant shortcoming of machine
learning. Lack of interpretability may be very harmful and unacceptable for some ap-
plications [11]. However, the Oriental thinking represented by Go chess is used to con-
struct applied knowledge and experience with vague pragmatism before mastering the
principle accurately. This kind of thinking is very consistent with the practical charac-
teristics of design activities; it helps to promote new knowledge that is not clear and
reliable to play a pioneering role in the design field, which is full of uncertainties. For
example, deep learning solves problems from correlation rather than causality, which
may not be a problem or shortcoming. We can argue that this makes it possible to ex-
plore and obtain feasible and better solutions through deep learning under the control
of constraints.

The Deep Convolutional Generative Adversarial Networks (DCGANs) has shown
its advantages in unsupervised learning [12]. DeepMind's self-supervised discovery
model [13] and machine learning from long-tailed and open-ended distributed data have
also made some progress [14]. However, the current deep learning system cannot draw
open-ended inferences equivalent to the human-level based on the knowledge of the
real-world [7]. Although design activities have a clear purpose, the openness and inno-
vation of design results have always been one of the core values of design. The integra-
tion of machine learning technology in the design process needs to give full play to the
respective advantages of designers and artificial intelligence, to avoid falling into a de-
sign cage of excessively focusing on known requirements [15].



4 Further Research

The primary purpose of further research is to improve the application level of inclusive
design for diverse users and complex contexts, for example, to provide support for com-
prehensive human factors design research of a specific product in diversified usages.
On the one hand, the research goal lies in the boundary of inclusive solutions expanded
by the creativity of artificial design; on the other hand, machine learning can signifi-
cantly improve the design efficiency of using existing knowledge to respond to differ-
entiated demands.

According to the above research objectives, an ideal research environment should
enable the establishment of interdisciplinary teams and platforms so that design re-
search can be closely combined with relevant cutting-edge technology research, and an
active division of task force can be carried out. Inclusive design research mainly focuses
on exploring the technical, humanistic, and social reasons behind the existing problems
and challenges, exploring the potential diverse needs in different contexts, and seeking
strategies, methods, and tools to solve the problems, overcome the challenges and meet
the needs. It means that designers need to create more design patterns that can be driven
by algorithms. However, scientific and technological research provides more in-depth
understandings, more effective technical means, and more possibilities for how to solve
the problem of inclusiveness and realize these design patterns. Corresponding design
practices can serve the technology transfer and commercialization of different scientific
research outcomes, expand a broader range of application fields for artificial intelli-
gence technology besides improving performance, and capture potential business op-
portunities.

5 Discussion

An inclusive design research from Cambridge University shows that there is an excel-
lent potential for adaptation between Al-based Advanced Driver Assistance Systems
and the diversity of drivers [16]. Some researchers try to introduce Al support to co-
design [17], while others choose to apply inclusive design approaches to the develop-
ment of Al products [18]. In the interdisciplinary research environment, we suggest that
it may be necessary to focus on the application of machine learning in the design pro-
cess. Firstly, through the establishment of a machine learning system with an interface
for sensing user needs/capabilities and context features, the evaluation criteria and re-
quirements of the target test set are studied so that machine learning can identify the
design requirements and design problems corresponding to user and context features
under a given design purpose. Secondly, together with researchers of artificial intelli-
gence, the training models and feature representations of machine learning are opti-
mized for different scenarios and tasks. Inclusive design tools, processes, and methods
combined with machine learning technology are studied so that machine learning can
identify corresponding design patterns or design options after inputting changing design
requirements and problems. After reaching the milestone of phased research, new de-
sign tools, processes, and methods can be put into applied research in different sub-
areas to summarize and establish corresponding domain knowledge and design pattern
libraries. The outcomes of further research will provide reference for understanding



inclusive design patterns applicable to different specific fields and the principles and
mechanisms behind them, and improve the method of algorithmically providing appro-
priate design responses to a specific need.
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