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0. Brief Introduction + Research Questions

Recent advancements in artificial intelligence (Al) have enabled remarkable capabilities,
with Al systems now driving cars, translating languages, and discovering new drugs. Despite
the widespread presence of Al in everyday products and services, research indicates that
over 85% of Al projects fail to create value for users or deliver viable services (Ermakova et
al., 2021; Joshi et al,, 2021; Weiner, 2020). Many of these failures stem from a lack of
human-centered design, as design research is often not involved until after the decision of
what to innovate has already been made (Kross and Guo, 2021; Nahar et al., 2022;
Piorkowski et al. 2021). Practitioners repeatedly experience Al project failures due to
addressing the wrong problems - developing solutions that do not meet real user needs
(Yildirim et al,, 2023). One article aptly labeled this issue as the "Last Mile Problem" of Al
(Berinato, 2019), which describes the challenge of producing data-evidenced insights but
failing to communicate them effectively, leading to wasted or misapplied information (Logg,
2019). This problem can be caused by not only technology limitations, but also biases and
heuristic of Al practitioners and users.

Al failures can trace back to problem selection and formulation stages (Yildirim et al., 2023).
Data science and developer teams fail to systematically define needs from domain experts
and product managers, envisioning Al systems users do not want (Kross and Guo, 2021;
Lam et al, 2023; Yang et al., 2019; Yildirim et al., 2023). Conversely, product role
practitioners (e.g., designers, product managers) lack understanding of Al's reasonable
capabilities, conceptualizing unbuilt Al solutions (Dove et al., 2017; Yang et al., 2019; Yang et
al,, 2020). Teams overlook low-hanging fruit where simple Al could improve user experience
(UX) (Yang et al,, 2020), and engaging domain stakeholders/users early in Al development
remains challenging (Kross and Guo, 2021). These issues may be largely due to designers
lacking good mental models for what Al can and should do, which presents a significant
challenge.

In recent years, resources such as human-Al guidelines and design patterns have become
available (Google PAIR, 2019; Apple, 2019). However, practitioners report that these
guidelines primarily assist with prototyping and iteration (Buxton, 2020) - “making the
thing right” . What designers and product managers lack most are resources to aid in
problem framing and uncovering leverage point in complex Al service systems(Yildirim et
al,, 2023) - “making the right thing.” To address these challenges, this research focuses on
the following research questions:

Main research questions:

How can designers leverage hybrid intelligence to identify and address the "last mile
problem" of AlI-empowered products/services by designing and implementing effective
and ethical behavioral interventions within complex socio-technical systems?

This main question can be broken down into two interconnected parts (Fig.1):



e Design for AI: The primary part focuses on problem framing, designing, and
implementing behavioral interventions to address the "last mile problems" that
arise between Al systems, Al practitioners, and end-users within complex
socio-technical systems.

e Design with AI: The supplementary part studys how hybrid intelligence
(collaboration of human intelligence and machine intelligence) can be leveraged
during the design process to enhance effectiveness and ethicality of design solutions.

The dual-focus feature of this research is similar to the dual force nature of behavioral
design - when behavioural design tackles complex challenges, it has a dual focus on: 1)
achieving behavioural effect(s) (e.g., reducing users’ over-trust behaviors on algorithms);
facilitated by 2) designing and implementing intervention(s) (e.g., information campaigns
for users or speed bumps for developers) (Khadilkar & Cash, 2020). Balancing behavioral
principles (design) and behavioral changing techniques (practices) is crucial for successful
interventions (Nielsen et al., 2024). In this research, I propose to balance the dual focus by
centering the problems framing, design and implementation of behavioral interventions for
Al's last-mile challenges (design for Al) as the primary, major forces. To enhance the
effectiveness and ensure the ethical considerations of these interventions, I will investigate
and employ strategies of hybrid intelligence between Al and designers (design with Al) as
a secondary, supplementary focus. By evaluating intervention results and reflecting on
the design processes of addressing Al's last-mile problems, | aim to contribute to the
growing body of design knowledge for Al.

Based on the above logic, | propose the following sub-research questions to lead my
research:

1. Exploring Designer-Al Collaboration:
- How do designers employ Al tools in design projects, and how does this change
traditional design processes?

This sub-question begins by investigating the "design with Al" aspect, focusing on how
designers currently work and should work with Al, and aims to establish a foundational
understanding of the relationship between designers and Al in the new era. The goal is to
gather insights and strategies for hybrid intelligence working mode, which can later inspire
the design process, methods, or tools for solving "the last-mile problem."

2. Identifying the Problem and Designing Interventions:
- How could behavioral science principles and theories aid designers in identifying
human/machine behavioral patterns and uncovering “the last mile problem” between
Al practitioners, Al users, and Al products?
- How to design and implement ethical and effective human-Al behavioral interventions
within complex socio-technical systems for Al products/services?
These sub-questions, which span the dual focus, form the central and most critical part of
my research. The first sub-question explores how behavioral knowledge can help in the
human-Al collaborative design process to understand Al’s last mile challenges from



multi-stakeholder systematic perspective (bridging 'design with AI' and 'design for Al'). The
second question focuses on introducing changes by designing effective behavioral
interventions for Al-enabled innovations ('design for Al'). Together, these sub-questions
establish a solid behavioral lens and set a clear direction for the next steps in the following
sub-research questions, Q3 and Q4.

3. Evolving Design Methods and Tools:

- What adaptations or evolutions are necessary for traditional design methods to
support design for Al-empowered products/services? What new design techniques and
tools are missing but needed?

This sub-question builds upon the previous sub-questions by investigating the necessary
changes in design methods and tools and suggesting the integration of behavioral
perspectives and big data power to address Al's "last-mile challenges." It serves as a bridge
between the two parts of the main question. The methods and tools developed in response
to this sub-question could primarily support "design for Al" by updating design knowledges
for tackling wicked Al problems. Additionally, these methods and tools might also have the
potential to assist "design with Al" by equipping designers with new techniques to easily
collaborate with Al in the design process.

4. Envisioning Role and Responsibility of Designers:
- What emergent roles, responsibilities, and ethical considerations do designers face in
the context of emerging hybrid intelligence systems?
This final sub-question circles back to the beginning from a higher-level perspective. It
summarizes and synthesizes the findings from the previous sub-questions, looking forwards
to the emergent roles, responsibilities, and ethical considerations of designers in hybrid
intelligence futures.

By connecting the sub-questions to specific aspects of the main research question, I aim to
demonstrate a clear logical flow that addresses the complex challenge of employing hybrid
intelligence for designing behavioral interventions to tackle the "last-mile problem" of
Al-empowered innovations (Fig.1). Although each sub-question may appear to be a broad
research topic on its own, the following figure illustrates how these questions are
interconnected and focused on the specific research area at the intersection of designing
with/for Al Through this research, I hope to contribute to the growing body of knowledge at
the intersection of design, behavioral science, and human-computer interaction, providing
valuable insights and interactive frameworks to guide designers in tackling wicked
problems between Al products/services and users.



What adaptations or evolutions are necessary for traditional design
methods to support design for Al-empowered products/services? What
new design techniques and tools are missing but needed?
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1. Philosophical Context of Design Research

1.1 New Paradigm of Hybrid Intelligence - Why designing both with/for AI?

Hybrid Intelligence serves as the foundational philosophical stone supporting my research,
addressing the fundamental question of why this research involves both designing with Al
and for Al

As Al technologies transition from labs to real-world applications, their benefits are often
accompanied by negative impacts on individuals and societies, stemming from both the
technologies' limitations and how they are deployed. While current approaches mainly
include technical solutions improving Al models, and governance solutions developing
ethical regulations and policies (Guszcza et al., 2022), Guszcza et al. (2022) propose a
complementary Hybrid Intelligence approach, integrating machine and human intelligence
to overcome technical limitations. This paradigm builds intelligent systems augmenting
human capabilities, leveraging our strengths while compensating for weaknesses,
considering ethical and societal factors (Akata et al., 2022).

The hybrid approach informs my research perspectives by emphasizing the importance of
ensuring human rights, needs, and values are integral to the design process, and highlighting
the need for meaningful humanity-centered design and preventing centralized power over
technology development (Guszcza & Schwartz, 2020). Given the inevitable evolution of Al in
our daily lives, designers should actively seek ways to develop human-Al hybrid intelligence
for responsible innovations rather than attempting to avoid Al technology altogether.

However, Hybrid Intelligence lacks systematic development as an applied, translational field
(Guszcza et al., 2022). Such a field would require a broader development approach than
traditional machine learning engineering. As Guszcza et al. (2022) suggests, it should be
design-focused, enabling crucial human needs and values to be addressed early in the
design process rather than reactively; it should involve multi-stakeholder collaboration,
reflecting diverse perspectives and local contexts in the design process; additionally, it
should be interdisciplinary, integrating concepts and methods from the behavioral
sciences, human-computer interaction (HCI), human-centered design, and applied
ethics of data and information sciences. Therefore, by anchoring my research in the
philosophical framework of Hybrid Intelligence and focusing on the Al-empowered
products/services design process, guided by the theories and concepts from the previously
mentioned four disciplines, | aim to contribute to the systematic development of this
applied, translational field.



1.2 ANT Theory & Autonomous Behavior - Why a behavioral perspective? Does Al have

behavior? [HCI/Behavioral science]

To illustrate the importance and necessity of behavioral knowledge, we must first ask a
fundamental question: Does Al have behavior?

The idea that Al systems can exhibit behaviors traditionally associated with humans and Al
anthropomorphism has sparked philosophical debate. For example, Actor-Network Theory
(ANT) (Latour, 2005) suggests that both human subjects and non-human objects, such as
physical designs, exercise agency that affects actions. Behavioral science scholars suggest Al
engages in an intelligent process similar to humans - perceiving stimuli, reasoning about
potential actions, and selecting actions expected to achieve objectives (Mills and Seetra,
2022). However, distinctions between Al and human behavior have been raised, such as Al's
reliance on intensive training data and reinforcement learning algorithms, contrasting with
human autonomous learning and self-reflection (de Vos 2020; Watson 2019). Researchers
have critically examined the implications of granting Al systems a form of autonomous
"motive power" (Marx 2013 [1867]) and decision-making ability, which has conventionally
been a distinguishing feature of human moral consideration (Gunkel 2020; Turkle 2004
[1984]).

These concepts inform my research of hybrid intelligence for design in below several ways:

e Non-human agency: ANT posits that non-human actors like technologies and
artifacts can exert force and influence within heterogeneous networks. This
perspective encourages me to consider Al systems as active participants in the
design process, shaping and being shaped by interactions with human and
non-human actors.

e Power dynamics: Zuboff's (2019) examination of power dynamics when "inorganic
entities" possess autonomous decision-making capacity resonates with ANT's focus
on how non-human actors can wield power and reconfigure networks. This informs
my research by highlighting the need to critically examine the power dynamics
between Al systems, Al practitioners, and Al users during both the development and
usage processes.

e Behavioral influences: Admitting the behavioral influences of Al on Al
practitioners and users during both development and usage processes aligns with
ANT's flattened ontology challenging human agency centrality. This perspective
encourages me to consider the dynamic collaborative relationship between
intelligent non-human agents (Al) and human agents (Al practitioners, users, and
other potential stakeholders) from systematic perspective in the research.

By incorporating the philosophical contexts of ANT Theory and Autonomous Behavior
Theory at the intersection of HCI and Behavioral Science, my research aims to provide a
more comprehensive understanding of the complex interactions between Al systems, Al
practitioners and users.



1.3 Feminist Al - What are/should be the roles of AI? [HCI/Ethic]

Recognizing Al's behavioral influence from a larger system perspective expands the
discourse on the human-Al relationship. To dive deeper into understanding the existing
relationship between human-Al interaction and the potential role of Al in hybrid intelligence
futures, I refer to the field of applied ethics study from computational and social science to
investigate principles and theories to guide ethical practices in human-AI collaboration.

Feminist critiques of Al have argued for the inclusion of marginalized forms of knowledge
(Harding, 2008; Liboiron, 2021) and questioned objectivity in science while critiquing
hegemonic masculinity in technoculture (Forsythe, 1993; Wajcman, 1991). These critiques
lead me to examine and reconsider the representation of Al technologies. Furthermore, they
serve as a reminder to exercise caution when utilizing Al as design materials in
collaboration, given the non-neutral features, lack of representative datasets, and
untransparent algorithmic “black box” of Al systems. Drawing from Actor-Network Theory
(ANT) and autonomous behavioral theory mentioned above, my research frames Al as
intelligent non-human agents possessing their own biases and stereotypical behaviors.

The concept of situated knowledge (Haraway, 1988) and Alison Adam's feminist critique of
Al (Adam, 1995) inform my research perspective by highlighting the importance of
considering diverse and marginalized voices in the development and analysis of Al systems.
This insight suggests that the discrepancy between Al's capabilities and users' needs may
also be rooted in the problems faced by marginalized groups and their unheard
requirements. It highlights a potential research direction involving the inclusion of diverse
voices during the initial stages of Al product/service development, specifically the problem
framing and ideation phases. Moreover, it underscores the necessity of considering
inclusivity from the perspectives of both Al inside workers and outside end-users.

The term "feminist artificial intelligence (FAI)" encompasses diverse manifestations of
feminisms, including intersectional (Combahee River Collective, 1979), Black feminist
(hooks, 2015), decolonial (Lugones, 2010), and liberal aspects. The diverse roles and
purposes of Al within feminist contexts inform the exploration of multiple possibilities for
conceptualizing Al. Building upon Toupin's research (2023), the diagram below situates my
research agenda within this context.

This category focuses on the design aspects of Bardzell, 2010

Al as design Al systems, emphasizing the importance of Costanza-Shock, 2018
including diverse voices (women, queer, trans, D’lgnazio and Klein, 2020
and BIPOC individuals) in the design process Meinders, 2017, 2020
and considering the cultural context in which Al
tools are developed.

This category refers to the use of Al as a Adam, 1997
Al as discourse | signifier or placeholder to describe critical work | Noble, 2018
addressing the relationship between gender, Benjamin, 2019




race, class, and technology. In this role, FAI Avila, 2021
discourse has the power to create new
imaginaries and engage women and girls in Al

This role emphasizes the cultural factors that Wajcman, 1991

Al as culture shape the relationship between gender and Wellner and Rithman, 2020
technology. Al as culture perspective argues that
changing cultural norms associated with
technology, such as social, physical, and
cognitive biases, can lead to the development of
FAL

Drawing from the philosophical analysis of FAI theory, | aim to position my research at the
intersection of "Al as design,” "Al as discourse," and "Al as culture." By engaging with the
concerns and principles of "Al as design" and "Al as discourse," the research seeks to
incorporate inclusivity in the Al's design and development process. This ensures that not
only underserved needs can be fulfilled by Al systems but also that diverse voices can be
present and seen through Al products. Informed by the "Al as culture" perspective, the
research aims to develop interventions in human-Al interaction by challenging and
transforming the cultural norms associated with technology, such as social, physical, and
cognitive biases. This approach has the potential to facilitate the development of more
equitable and socially responsible Al systems, aligning with the primary focus of the
research - "designing for AL"

1.4 Universalism vs Pluralism of Human-centered Al - What design philosophies help?
[Design/Ethics]

Inspired by the FAI theory, several design ethics and philosophies — including
Human-centered Al (HCAI), Inclusive Design, Design Justice, and Pluriversal Design — can
inform responsible design both with and for Al

The concept of HCAI has emerged as a response to issues such as biased datasets,
discrimination, and privacy threats in Al systems. HCAI emphasizes the importance of
understanding user needs and ensuring human control (Sio & Hoven, 2018) while
integrating traditional HCI/design methods to create valuable, reliable, and trustworthy
systems that benefit society (Shneiderman, 2020). As Al failures continue to rise globally,
responsible design theories, including Inclusive Design and Design Justice, have become
increasingly crucial for mitigating bias and incorporating diverse perspectives.

Inclusive Design and Design Justice share a philosophical foundation that recognizes human
diversity and rejects the notion of a universal "normal standard" (Bianchin & Heylighen,
2017; Persson et al., 2015). Inclusive Design's goal of facilitating equal opportunities and
societal participation for all (Bendixen & Bentzon, 2015) provides a clear direction for
engaging diverse stakeholders' voices in identifying problems, including but not limited to



Al practitioners, Al users, Al regulators, and Al-impacted non-users. Design Justice's critical
perspective, which acknowledges systemic power asymmetries and the potential for
technology to create barriers for marginalized communities (Costanza-Chock, 2018),
supports my research by providing structured principles and checklists for examining
problems from a wider social-technical systematic perspective.

Pluriversal Design theory posits that there is no universally desirable design and that
designs from diverse cultural contexts have unique merits and beauties in terms of their
own worldviews (Escobar, 2018; Noel et al., 2023). This theory informs my research by
fostering a more inclusive and context-sensitive approach to Al design, regarding each Al
problem and human-machine collaboration process as a distinctive challenge, considering
the unique merits and beauties of designs from various stakeholders and diverse social
contexts.

Inspired by the FAI theory, these design ethics and philosophies collectively address the
need for approaches that deal with different degrees of access, ability, awareness, and
diverse perspectives in responsible Al design. Drawing from HCAI, Inclusive Design, Design
Justice, and Pluriversal Design theories does not imply that this research will consider all of
these theories simultaneously. Instead, these philosophical contexts provide a strong
foundation, clear ethical direction, and flexible frameworks and approaches for the research,
guiding the responsible Al design process and solutions that benefit society as a whole.
Similar to but adding on to FAI theory, these design ethics not only inform the research's
nuanced and context-sensitive exploration of human-machine collaboration on responsible
Al design but also bring resourceful methods and tools to potentially lead ethical envision
into practical design activities.

1.5 Rationalistic vs Humanistic perspectives - What are roles of design research?

[Behavioral Science/Design]

The evolution of Al systems and technologies since Alan Turing's proposal of the Turing Test
in 1950 (Turing, 1950; Grudin, 2009) has been marked by two main philosophical
perspectives on human-computer interaction: the "rationalistic”" and the "humanistic"
perspectives (Winograd, 1996; Grudin, 2009). This divide, reflecting the ongoing discourse
between the cultures of science and humanities (Snow, 1993), is particularly relevant to my
research, as it mirrors the tension between the rational, science-based approach of
behavioral science and the more humanistic approach of design.

Behavioral science, grounded in an emphasis on cognitive processing through rigorous
experimentation, aligns with the rationalistic perspective, which views Al as computer
systems that imitate human abilities and people as "cognitive machines" (Winograd, 2006;
Winograd & Flores, 1986). In contrast, design prioritizes lived experience and positions
humans as more holistic, aligning with the humanistic perspective that sees Al as a
problem-solving tool to enhance human capabilities and conditions (Winograd, 1996;
Winograd & Flores, 1986).
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This tension between science/technology and "softer" disciplines like design also manifests
in notions of "design science" (Simon, 1969), which has influenced both Al and behavioral
science. Herbert Simon, a key figure in design science, contributed ideas like "bounded
rationality” to behavioral science (Simon, 1972). The tension persists in how behavioral
interventions are evaluated, often through traditional scientific measures like randomized

controlled trials (RCTs).

Informed by these historical perspectives around Al and Auernhammer's (2022) diagram
analysis on the relationship between historical perspectives and HCD research, I find that
the gap between the rationalistic and humanistic approaches is similar to the "last mile
problem" of Al, where technology capability and service offerings do not fit users' needs and
expectations. To bridge this gap, my research proposes the use of behavioral design, which
combines the rational science-based approach of behavioral science with the more
humanistic approach of design, which prioritizes lived experience and positions humans as
more holistic. For example, leverage behavioral design to increase inclusivity in the initial
development process of Al technologies by intervening in developers' working behavior;
intervening in machine behavior and encourage more ethical outputs, enabling Al to serve
as a responsible discourse for larger impact; fostering healthier and responsible behavior

interacting with Al. (see red lines in Fig 2 [right]).

The design approach to filling the gap is further supported by scholars who have identified
the lack of discourse between user experience (design) and machine learning (rationalistic)
fields (Yang et al., 2018) and have proposed a great opportunity for collaboration between
Al and Design Research to address concerns around fairness, accountability, and

transparency of Al systems (Abdul et al., 2018).
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- Figure 2 [left], Auernhammer (2022) Illustrates the spectrum of the rationalistic view and design
perspectives. The rationalistic perspective focuses on thought and people as a formal symbolic
representation and focuses on process and product knowledge. The design perspective focuses on
knowledge creation about the interactions between people and the enveloping environment, including

technologies when designing and using artifacts.

- Figure 2 [right], “The Last-Mile Gap” between rationalistic view and design perspectives bridging by

behavioral design.
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2. Empirical Context of Design Research

In this section, I explore the related research and knowledge gap by following topics of the
sub-research questions.

2.1 Exploring Designer-Al Collaboration

The incorporation of Al into design has been influenced by various disciplines, including
human-computer interaction (HCI), design research, and recent explorations into
computational approaches of behavioral science.. HCI researchers have investigated the
challenges of working with data and Al as design materials, as well as the role of design in
mitigating potential harms of data-driven algorithmic systems (Yang et al., 2020). Design
researchers have explored the risks and societal consequences of Al, particularly in
perpetuating existing inequities and biases (Birhane, 2021; Lee et al., 2020; Sloane et al,,
2020). Researchers exploring computational approaches to behavioral science have
developed Al tools and techniques that can be leveraged by designers to create more
personalized and adaptive user experiences (Amershi et al.,, 2019). These contextual
characteristics have shaped design discourses and practices by introducing new concepts,
vocabularies, and frameworks for understanding and working with Al in design. For
example, the concept of "Al as design material" (Yang et al., 2020) has emerged to describe
the way designers can leverage Al technologies to create new forms of user experiences and
interactions. Similarly, the notion of "Al as autonomous choice architect" (Mills & Seetra,
2022) has been used to explore the ethical and accountability implications of Al systems
that can influence human behavior through personalized choice environments.

The integration of Al into design practices has led to a shift in the way designers approach
problem-solving and ideation. Traditionally, design has been a human-centered process,
with designers relying on their own creativity, intuition, and understanding of user needs to
generate solutions. However, with the advent of Al, designers are now able to leverage vast
amounts of data and computational power to inform their decision-making and generate
novel design ideas (Yildirim et al., 2022). This has led to a new paradigm of "data-driven
design,” where designers collaborate with Al systems to analyze user behavior, identify
patterns, and create personalized experiences (Yang et al., 2018).

Building on these developments, I believe that to fully welcome and leverage hybrid
intelligence in the design process, the research opportunity and direction is to consider Al
as a design collaborator. This interpretation of Al as a collaborator in the design process
differs from other interpretations that view Al as a mere tool or a replacement for human
designers. By framing Al as a collaborator, this research acknowledges the agency and
potential contributions of Al systems in the design process while also recognizing the
importance of human oversight and accountability. This interpretation aligns with the
concept of "hybrid intelligence," which emphasizes the complementary strengths of humans
and machines in problem-solving and decision-making (Akata et al., 2020).

13



In conclusion, hybrid intelligence for designing process presents both opportunities and
challenges for this research. The interpretation of Al as a collaborator in the design process
acknowledges the agency and potential contributions of Al systems while recognizing the
importance of human oversight and accountability, aligning with the concept of "hybrid
intelligence" (Akata et al.,, 2020). By critically examining the historical and current
influences of Al on design practices, as well as the ethical and accountability issues raised by
the use of Al in design, this research aims to summarize insights and strategies of
designer-Al collaboration. To support the major focus on designing for Al's last mile
problem, I would refer to this context to inform practices by embracing the potential of
hybrid intelligence for design research, being mindful of its limitations and implications,
developing a deep understanding of Al-empowered design tools, collaborating closely with
Al experts and stakeholders, and adopting a reflective and iterative approach that prioritizes
human oversight and accountability to create innovative, personalized, and ethically sound
solutions.

2.2 Identifying the “Last Mile Problem” and Desiging Effective Interventions

Transition from designing with Al to designing for Al, it's important to learn how behavioral
knowledge aids in identifying the "last mile problem" (Berinato, 2019) and designing
effective heterogeneity-respecting behavioral interventions in Al-empowered services.

The "last mile problem" of Al describes the issue of producing data-evidenced insights but
failing to communicate them effectively, leading to wasted or misapplied information (Logg,
2019). To realize the full potential of algorithms and address the last mile problem,
Al-empowered innovation needs behavioral design. Although algorithms have the potential
to greatly improve human judgment and decision making, as they generally outperform the
accuracy of experts when directly compared (Logg, 2019), people can only leverage the
accuracy of algorithms if they are willing to listen and learn how to use them. A specific
example of the "last mile" gap in healthcare is an Al system designed to assist radiologists in
detecting lung cancer from chest X-rays. While the Al system may demonstrate high
accuracy in a controlled research setting, it faces numerous challenges when deployed in a
real-world clinical environment (Cabiza et al., 2020). These challenges partly arise from the
Al system's performance being compromised by lower-quality or inconsistently labeled
real-world data (hiatus of machine experience), but mostly from radiologists' reluctance to
trust the Al system's predictions patients' fear of unfamiliarity with machines and concerns
about privacy (hiatus of human trust),, and organizations' inadequate maintenance of the
devices (hiatus of organization behavior) (Cabiza et al., 2020). The "last mile problem" is not
unique to healthcare; it is prevalent across various Al applications. Despite the rapid
evolution of intelligent data analytics, over 85% of Al innovation projects fail to create value
for users or deliver viable services (Ermakova et al., 2021; Joshi et al., 2021; Weiner, 2020).
Many of these failures stem from a lack of human-centered design, as design research is
often not involved until after the decision of what to innovate has already been made (Kross
and Guo, 2021; Nahar et al., 2022; Piorkowski et al., 2021). Thus, there is a significant
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opportunity for designers to step in and bridge the gap between Al's capabilities and the
needs of multiple users.

Mirroring the universalism versus pluralism conflict in design research, modern behavioral
science has also faced significant criticism in recent years (Mills et al., 2023). Some of this
criticism highlights the need for more contextual behavioral approaches that incorporate
heterogeneity (Mills, 2022; Szaszi et al., 2022). For users, this "heterogeneity revolution”
(Bryan et al., 2021) is likely to be promoted and accelerated by Al technologies (Rauthmann,
2020), both as a new tool for behavioral science and in conjunction with existing strategies.

Recent studies have probed results using moderation and mediation to identify
heterogeneous effects within samples, like evaluating calorie labels or COVID-19
interventions. This deepens understanding of influential factors, enabling tailored
interventions for specific environments, individuals, or policy goals (Mills, 2022; Sunstein,
2022). Al can help address heterogeneity analysis challenges (Mills et al,, 2023). Deep
learning models can holistically examine unique user profiles, integrating more
heterogeneity than moderation approaches. Individual-level variables can combine with
contextual factors like time or location (Buyalskaya et al., 2023), further accounting for
heterogeneity, as many "choice architects" already do (Mills & Saetra, 2022).

Moreover, the heterogeneity revolution invites embracing behavior's complexity as part of
complex adaptive systems (Hallsworth, 2023). Complexity perspectives view behavior as
part of wider systems, with variables representing intervention points for behavior change
(Beer, 1970). Influential "leverage points" have outsized system effects, suggested as
valuable targets for impactful behavioral interventions (Abson et al., 2017). Al shows
promise for mapping behavioral systems and locating leverage points, potentially enhancing
intervention effectiveness (Hallsworth, 2023; Schmidt & Stenger, 2021).

Grounded in the paradigm of the heterogeneity revolution and the concept of behavioral
leverage points within complex socio-technical Al systems, | propose that the "designing for
Al" aspect of this research aims to identify heterogeneity-respecting behavioral
interventions through behavioral design models or tools empowered by big data and
analysis algorithms, seeking "leverage point" and designing ethical and effective solutions
under hybrid intelligence support. By critically leveraging big data and analysis algorithms
to address heterogeneity and complexity, this research seeks to design effective and
responsible behavioral interventions in Al products/services, ultimately addressing the "last
mile problem" between Al products, practitioners, users, and other related stakeholders
from a systematic perspective.

2.3 Evolving Design Methods and Tools

Boundary objects (Star & Griesemer, 1989), which are information or resources used by
collaborative teams to foster shared understanding (Lee, 2007), can scaffold
cross-disciplinary collaboration among Al practitioners and stakeholders (Yang et al.,, 2019).
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Design and data science collaboration in the context of Al development often faces
challenges due to a lack of shared workflow or common language (Yildirim et al.,, 2022).
This gap is characterized by designers envisioning Al ideas that are beyond the limits of
existing Al capabilities and cannot be built, while data scientists build Al solutions that
users do not want (Yang et al.,, 2019). Moreover, Al experts can be a scarce resource for
design teams (Yang et al., 2018).

Recent HCI research has highlighted the use of boundary objects to facilitate collaboration
across different roles and disciplines in industry Al teams (Holstein et al., 2019). One study
reported that abstractions of Al capabilities and data visualizations served as boundary
objects to facilitate conversations between UX and Al expertise (Yang et al., 2018). Some HCI
researchers reflecting on their own design process proposed using wireframes with data
annotations as boundary objects (Yang et al., 2019). The most recent study showed that
artifacts such as flow diagrams, system maps, and service data blueprints supported
participants in establishing a shared understanding during envisioning and detailing data
dependencies during prototyping (Yildirim et al., 2022).

Despite these promising findings, there remain significant challenges and opportunities for
creating new design methods and tools to support effective human-Al collaboration. One key
challenge is developing and assessing boundary objects that can help in Al problem
formulation, a critical stage in the Al development process. Furthermore, it is worth
exploring whether these boundary objects can be augmented to scaffold discussions around
fairness, bias, and privacy, which are crucial ethical considerations in Al development.

Another challenge lies in understanding how collaboration unfolds across multiple roles in
Al teams, beyond the focus on design practitioners. Other roles, such as data scientists,
business managers, and software developers, should also be considered to create more
comprehensive and effective design methods and tools. This presents an opportunity for
future research to investigate the types of boundary objects that can help bridge multiple
disciplines and stakeholders throughout the Al design and deployment process, and how
these objects might facilitate collaboration in various Al development contexts.

Moreover, there is an opportunity to create new design methods and tools that not only
facilitate collaboration but also actively promote ethical considerations and responsible Al
development practices. By embedding principles of fairness, transparency, and
accountability into the design process itself, these new methods and tools could help ensure
that Al systems are developed in a socially responsible manner.

In conclusion, while recent research has highlighted the potential of boundary objects to
support human-AlI collaboration, there remain significant challenges and opportunities for
creating new design methods and tools that can effectively bridge the gap between
designers, data scientists, and other stakeholders in Al development. By addressing these
challenges and seizing these opportunities, researchers and practitioners can work towards
creating more effective, ethical, and socially responsible Al systems.
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2.4 Envisioning Role and Responsibility of Designers

As Al technologies continue to advance and integrate into various aspects of our lives, it is
meaningful to define the role and responsibility of designers in shaping the future of
human-Al hybrid intelligence. Recent studies have investigated the current collaboration
modes of designers within Al design teams, highlighting their contributions in designing
human-Al interactions, facilitating alignment, and broadening Al's value space (Yildirim et
al,, 2022; Windl et al,, 2022; Mueller et al., 2019). However, as the boundaries between
design of, for, and with Al become increasingly blurred, designers must adapt and learn to
use Al while working to create better Al-assisted products and services.

Designers' involvement in Al development could ensure that user needs and values are
prioritized throughout the entire lifecycle of Al systems (Yildirim et al., 2022). A recent
study found designers who work in Al developing team help with facilitate alignment
between disciplines and stakeholders, using knowledge elicitation exercises and boundary
objects to set project goals, requirements, and success metrics that prioritize user needs and
values. Additionally, designers engage in problem setting, envisioning, and reframing to
align on the right design, using concept mapping, co-creation workshops, and systems
design methods to explore relationships between technical, cultural, and organizational
challenges (Yildirim et al., 2022).

Building on these empirical findings, there are significant opportunities for designers to
influence and shape the future of human-AI hybrid intelligence. By actively engaging in
designing for Al, leveraging their unique skills, and contributing to the development of new
design methods, tools, and frameworks, designers can help grow traditional design
knowledge and inform the development of ethical, user-centered, and socially responsible
Al systems. Although this section is not the major focus of the research, it can be a
meaningful ending step to build on the findings and look forwards to the evolving role and
responsibility of designers involved with the new behavioral design approach, preparing
them for hybrid intelligence futures.
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3. Principles and Methods of Design Research

To address the complex dual-force research question, I plan to employ a mixed-methods
approach, combining qualitative and quantitative techniques to gather and analyze data
from various sources. This section introduces the methods I plan to use and demonstrates
why these approaches are suited to my research by following the sub-research questions
and dual-focus diagram below (fig.3). I will introduce my research plan starting with
"designing with AI" as a pilot exploration, transitioning between "design with/for Al" as a
critical milestone, and then focusing on "designing for AI" for the major research practice.
Finally, I will briefly revisit "design with A" to envision future possibilities.
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3.1 Piloting from “Design with Al” - Investigating current status of designer-Al
collaboration through qualitative research

Working as a Teaching Assistant for the class "Communication Systems: Visualizing Contexts
of Al," I have the opportunity to observe 16 design students actively using generative Al
tools to build visualizations that address communication design challenges in four
Al-deployed domains: healthcare, policy, education, and mobility. Through observing their
teamwork and weekly report presentations, [ have made several preliminary observations:

1. all students agree that using Al is inevitable and necessary in current and future
design processes;

2. current Al tools primarily assist with prototyping and iteration, while only a few
support design thinking and modeling;

3. all students recognize that Al tools can be biased and make mistakes, and many treat
Al as an asset creator and assistant rather than merely a tool.
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These initial findings suggest that hybrid intelligence between designers and Al is already
partly occurring within the design process. To effectively research “last mile” design
challenges (regardless of whether involving Al or non-Al products), it is crucial to establish a
foundational understanding of the current status of designer-Al hybrid intelligence. This
understanding will inform the identification of new working processes, tools, strategies, and
potential pitfalls to be aware of before addressing design challenges. Therefore, [ propose to
begin by focusing on "Design with Al" and exploring the first sub-research question: How
can Al be effectively employed to assist designers, and how does this change traditional design
processes? The aim is to gain a basic understanding of : 1) where and how the traditional
design process has been altered, 2) what Al aids are effective during the design process and
when, and 3) what is lacking and what requires attention when solving Al-related design
challenges.

Building upon this experience, I plan to continue conducting contextual observation to
investigate current state of designer-Al collaboration behaviors. Observing designers as they
employ Al in their working process will enable me to identify issues they may not have
mentioned in interviews. [ aim to gain initial findings and hypotheses around the current
roles of designers and Al in the design process, what types of Al assist designers better than
others, and how the traditional design process has changed. Data triangulation, combining
observations with interviews and other forms of research like surveys or diary studies, is
critical to ensure a comprehensive understanding of the hybrid intelligence for design.

The next steps include conducting diary studies and surveys. I plan to organize the
question structure based on my findings and hypotheses from the observation, and ask
students to do diary study or survey as part of the final assignment at the end of the course.
This step aims to clarify and refine the understanding of the current roles of designers and
Al in the design process, why some Al tools assist designers better than others, and whether
and how design students perceive Al as changing the traditional design process.

In-depth semi-structured interviews will also be conducted to investigate deeper into
understanding human-Al collaboration in the design process. I plan to expand this study
from institution to industry, and interview 20 people working in different design roles
(researcher, designer, manager) at various levels and organization sizes to understand
design processes and collaboration modes in real-life projects. Participants will be asked to
articulate challenges, pain points, and best practices for designing human-AlI interactions.

By employing these three research methods, the aim is to conduct robust qualitative
research to understand the current state of human-AlI collaboration in the design process.
The insights gained from this study could support the establishment of hybrid intelligent
norms, identify opportunity spaces for design methods and tools, and open up the
possibility of introducing Al/ML power in research for the next steps - computational
literature review and algorithmic-empowered design frameworks.
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3.2 Critical Milestones on Transitioning between Design with/for Al

3.2.1 Exploring behavioral principles for Al from computational literature analysis

The central focus of my research is the application of a behavioral perspective in tackling the
wicked "last mile problem" of Al. Therefore, the second sub-research question, how can
behavioral science principles and theories aid designers in identifying "the last mile problem”
of Al-empowered products/services in complex socio-technical systems?, represents a critical
milestone. Progress cannot be made towards the next steps of design practices and
experiments without first addressing this question.

To investigate this, I plan to conduct a computational systematic literature review. This
review aims to 1) examine what behavioral frameworks and theories have been introduced
into Al-related studies, 2) identify behavioral knowledge gaps in the current literature, and
3) investigate potential behavioral frameworks for addressing "the last mile problems" in Al
research.

A Computational Literature Review (CLR) is a method that identifies and evaluates all
relevant literature on a topic using quantitative text analysis methods on extensive
databases. CLR demonstrates its strengths in recognizing overlapping trends, structures,
and patterns. It automates some of the analysis of research articles by examining impact
(citations), structure (co-authorship networks), and content (behavioral-focused) across
various disciplines simultaneously (HCI, Behavioral Science, and Design Studies). As such,
CLR is the most suitable approach for investigating cross-disciplianry behavioral design
perspectives for Al.

[ propose that this CLR study can focus on examining how behavioral science and persuasive
technology concepts and theories have been applied in Al design and deployment studies.
By performing a computational analysis of behavioral research data across different
disciplines, the ultimate goal is to identify key behavioral principles or frameworks that can
guide designers in problem identification and framing for Al-related product/service
challenges.

The proposed CLR study will contribute to the development of a solid foundation for
understanding the intersection of behavioral science and Al design. The findings will inform
the subsequent stages of this research, including the design and implementation of
behavioral interventions for Al's "last mile problem.” By establishing a comprehensive
understanding of the existing literature and identifying key behavioral principles, this study
will ensure that the design practices and experiments in the later stages of the research are
grounded in a robust theoretical framework.
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3.2.2 Evolving design methods and tools via algorithmic design frameworks

Another sub-research question at the intersection of Design with/for Al is: What
adaptations or evolutions are necessary in traditional design methods to effectively integrate
Al, and what gaps currently exist in this regard? I plan to evolve design tools by
computationalizing certain paper-based design frameworks into digital versions, equipped
with data analysis ML model, enabling these design tools to handle more research data
and generate more heterogeneous findings, potentially benefiting design strategies.

For instance, the Insight Clustering Matrix could be a suitable design framework for
computationalization. Equipped with data analysis algorithms, the computationalized
Insight Clustering Matrix could easily absorb a larger volume of data and automatically
cluster and generate insight patterns. This would allow designers to collect more
comprehensive and detailed research data and approach each design challenge more
pluralistically.

Another plan option is to directly computationalize the behavioral model/framework I
develop following the proposed CLR study. This algorithmic-empowered behavioral
framework can be equipped with wearable sensors. In this way, the framework can
directly receive users' bio-behavioral data, providing not only more data to learn from but
also increasing the diversity of data types. This approach aligns with the heterogeneous
revolution ideas from behavioral science, which could help increase prediction accuracy or
intervention efficiency. It also incorporates inclusive design and pluriversal design ethics, as
the framework and sensors could aid in discovering overlooked cognitive and physiological
data and generate various analyses for each user.

The goal of this study is to examine the potential of Al-assisted design models and explore
possible ways to adapt traditional design tools for hybrid intelligence futures. It is important
to note that this algorithmic design frameworks research does not necessarily have to be
conducted after 3.2.1 and 3.1. For example, the Computational Insight Clustering Matrix
could be developed concurrently with the CRL study. Moreover, this research is not limited
to a single study; I can computationalize more than one framework or iterate on a single
behavioral framework several times. The reason I set this study as a milestone between the
design with/for Al sections is twofold: firstly, | must complete at least one algorithmic
design tool before "designing for the last mile problem" so that I can apply it in real-life
practical studies; secondly, after the design practices, I will need to evaluate and iterate
several rounds, and I plan to consider the final algorithmic design model as a major
contribution. Therefore, it is also a milestone near the end of the research.

By exploring the computationalization of design frameworks and the incorporation of
ML-empowered data analysis algorithms and wearable devices, this research aims to not
only enhance the efficiency and effectiveness of behavioral design’s capability in addressing
Al’s last milep problems, but also contribute to the advancement of design methods and
tools in the context of Al integration.
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3.3 Major Focus on Designing for Al - Designing and Implementing behavioral
interventions in case studies

To further explore how behavioral principles can help identify and address the "last mile
problem" of Al through behavioral interventions, I plan to conduct multiple case studies.
Case studies are well-suited for this research as they allow for in-depth, contextual
examination of real-world phenomena, enabling the investigation of complex issues and the
development of holistic, practical insights. These case studies will involve real-world Al
products or services, and will be carried out in collaboration with industry partners or
through research assistant work.

[ will identify and select 3-5 case studies that represent diverse Al-empowered products or
services across different domains, such as healthcare, mobility, and education. The selection
criteria will include the presence of a clear "last mile problem" - a clear gap between
producing and utilizing insights from algorithms (Logg, 2019) - in an existing Al product or
service, accessibility to key stakeholders (e.g., Al developers, users, regulators), and the
willingness of the organization to collaborate and implement behavioral interventions.

For each case study, I will conduct a thorough analysis to identify and frame the specific "last
mile problem" using the behavioral principles and frameworks derived from the previous
computational literature review (Section 3.2.1). This will involve interviews with key
stakeholders to understand their perspectives and challenges, observational studies of the
Al product or service in use, and analysis of existing data (e.g., user feedback, usage metrics)
to identify behavioral patterns and pain points.

Based on the insights gathered from the problem identification and framing phase, I will
design and develop tailored behavioral interventions for each case study. This process will
leverage the computationalized design frameworks (Section 3.2.2) and involve co-design
workshops with key stakeholders to generate intervention ideas, rapid prototyping and
iterative refinement of interventions, and ethical considerations and risk assessment of
proposed interventions. Co-design workshops and participatory methods are essential for
ensuring that interventions are user-centered, contextually relevant, and ethically sound
(Sanders & Stappers, 2008). Rapid prototyping and iterative refinement allow for the early
identification and resolution of design challenges, improving the effectiveness and feasibility
of the interventions (Neeley et al., 2013).

The designed interventions will be implemented in real-world settings for each case study
based on the plurversal principles. To evaluate the effectiveness and unintended
consequences of the interventions, [ will employ a mixed-methods approach. Quantitative
methods, such as randomized controlled experiments, wearable devices, pre-post surveys
will provide objective measures of intervention effectiveness and impact. Qualitative
methods, including interviews, focus groups, and observational studies, will offer rich,
contextual insights into user experiences, perceptions, and unintended consequences.
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After completing the individual case studies, [ will conduct a cross-case analysis to identify
common patterns, challenges, and best practices in designing and implementing behavioral
interventions for Al's "last mile problem." Cross-case analysis is a powerful technique for
enhancing the generalizability of case study findings and developing robust, theory-based
insights (Yin, 2018). This synthesis will contribute to refining the behavioral principles and
algorithmic frameworks for Al-empowered products and services.

The case study approach, combined with a mixed-methods research design and
participatory methods, provides a robust framework for investigating the practical
application of behavioral principles in addressing Al's "last mile problem." By grounding the
research in real-world contexts, engaging diverse stakeholders, and employing rigorous data
collection and analysis techniques, this section aims to generate actionable method and
transferable insights that can inform the development of effective behavioral interventions
for Al-empowered products and services.

3.4 Looking Forwards and Echoing Designing with Al - Envisioning designers role via

comparison analysis

The final stage of this research revisits the beginning hybrid intelligence topic to address the
sub-research question: What emergent roles, responsibilities, and ethical considerations do
designers face in the context of emerging hybrid intelligence systems? This study builds upon
the data collected from the case studies in Section 3.3, such as post-workshop surveys,
semi-structured interviews, and observations, for analysis and reflection.

[ plan to conduct a comparative analysis of the results from this study and those from the
3.1 study on the current status of human-Al design collaboration. By comparing the new
experimental situation with the current real-life status, I aim to identify similarities and
differences and envision the roles of designers and Al in hybrid intelligence futures.

This comparative analysis will provide insights into the potential evolution of designers'
roles and responsibilities as Al becomes increasingly integrated into the design process. It
will also shed light on the ethical considerations that designers may face towards hybrid
inytelligent futures.
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4. Your Research Framework

The theoretical framework below summarizes my research proposal, combining almost all

the elements mentioned, including research questions, sub-research topics, research logic

and plan, principles, and theories. The aim is to provide a bird's-eye view of my research

from a holistic perspective.

Key Visual Elements

Meaning Explanation

The "Hourglass - Design with/for AI"

Highlights the dual-force nature of my research, with
the major focus centered on "design for AL"

The square arrow lines

Represent the sub-research questions derived from the
main question and contribute round the main question.

The numbers beside the sub-question
titles

Indicate my research plan, but the order is not strictly
fixed.

The overlapping of the square arrow
lines with the "hourglass" arrow line

Emphasizes that the research plan and proposed
studies do not necessarily follow the numbered
sequence but can be circular or repeated.

The curved words on the "hourglass”

Indicate the purpose of each sub-research and illustrate
how one sub-research can benefit the others.

The Venn diagram

The venn circles show that my research questions lie at
the intersection of HCI, Behavioral Science, Applied
Ethics from computer and social sciences, and Design.
The small words on the Venn diagram represent the
principles and theories supporting my research.

The color code indicates the disciplines from which
each theory originates.

This theoretical framework serves as a visual representation of the complex and
interconnected nature of my research proposal. By presenting the key elements and their
relationships in a concise and organized manner, it helps to clarify the overall structure and
logic of my research. The framework also highlights the interdisciplinary approach, drawing

from various fields to address the research questions effectively.

Furthermore, the framework emphasizes the iterative and adaptive nature of the research
plan, allowing for flexibility and refinement as the study progresses. By providing a
comprehensive overview of the research proposal, this theoretical framework facilitates a

better understanding of the scope, objectives, and potential contributions of my research in

the field of design for Al
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