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In conventional software development, user experience (UX) designers and engineers collaborate through separation of concerns
(SoC): designers create human interface specifications, and engineers build to those specifications. However, we argue that Human-AI
systems thwart SoC because human needs must shape the design of the AI interface, the underlying AI sub-components, and training
data. How do designers and engineers currently collaborate on AI and UX design? To find out, we interviewed 21 industry professionals
(UX researchers, AI engineers, data scientists, and managers) across 14 organizations about their collaborative work practices and
associated challenges. We find that hidden information encapsulated by SoC challenges collaboration across design and engineering
concerns. Practitioners describe inventing ad-hoc representations exposing low-level design and implementation details (which we
characterize as leaky abstractions) to “puncture” SoC and share information across expertise boundaries. We identify how leaky
abstractions are employed to collaborate at the AI-UX boundary and formalize a process of creating and using leaky abstractions.
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1 INTRODUCTION

In conventional software development, work processes for user experience (UX) designers and software engineers are
optimized for efficiency through separation of concerns (SoC) [13, 40, 84]. UX roles focus on human psychology and
design by working with end-users to define system requirements. Software engineers skilled in computer programming
then implement those requirements in a system [84]. For example, to create a conventional (non-AI) To-Do List

application, the designer first gathers information from different end-users (students, IT professionals, educators,
etc.) on how they define and manage their tasks. Based on those insights, the designer generates several interface
alternatives to find one that meets end-user needs. Using knowledge about graphical user interfaces (GUI), established
design guidelines, and design tools, designers generate specifications for all aspects of software behavior, including UI
designs, functional requirements, style guides, data requirements such as task description lengths, interaction maps, and
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evaluation criteria [65]. Finally, this highly controlled and abstracted knowledge is handed to engineers through serial
coordination [84] to be translated into technical requirements and subsequently implemented as software code [77].

However, the efficiency of SoC that works well in conventional software development may fail for Human-Centered
AI (HAI) systems. HAI systems differ in several important ways: (1) they offers greater capacity for human-like intelligent
behavior, (2) they dynamically learn and adapt their behavior over time through feedback and learning, and (3) their
outputs can be non-deterministic, making it difficult to align output presentation with end-user expectations [102].
By examining the complex dependencies across different components in the AI lifecycle, prior research has laid out
desiderata for AI systems. This includes ensuring contextually relevant datasets and comprehensive and comprehensible
verification of AI models [5, 9], adapting for AI uncertainties and failures in human interface design [6, 7, 39], and
incorporating human and social interpretations for AI model design [15]. These demands make it challenging to separate
current UX work processes from AI software development tasks. Consider designing a “smart” To-Do List application to
automatically create task items from email content (e.g., [36]). In taking a human-centered approach, UX roles must
identify representative AI dataset characteristics based on diverse users covering a range of expressive email tasks. They
need to support creating “ground truth” data to define how users want to generate tasks from those emails. UX designers
need to provide inputs about AI model behavior by considering how the AI experience will integrate with end-user
task workflow: what to automate, when to offer assistance, and when to maintain human control of tasks. Finally,
designers must consider uncertainties in AI model outputs and design interface adaptations for explainability, failures,
feedback, and hand-off. Consequently, combining these rationalistic and design goals for HAI requires multidisciplinary
collaboration [10, 93].

While a growing body of HAI design guidelines point towards blending AI and UX work practices [7, 39, 51], we still
lack concrete knowledge on how to achieve such collaboration. Recent work has highlighted numerous concerns due to
SoC at the AI-UX boundaries, including challenges in understating AI capabilities [32, 102], difficulty in specifying AI
system requirements [98], and prototyping HAI interfaces [100]. Further, current practices in which the AI components
are developed before envisioning the human user experience (i.e., AI-first design process) have led to AI systems that do
not align with human needs (e.g., incorrect labeling [62], biased auto-cropping [46] of social media photos, faulty facial
recognition features [18], etc.). Understanding how industry practitioners can and should collaborate across technical
and non-technical roles is essential for producing HAI systems that can be successful in real-world settings. In this
work, our goal is to improve our understanding of how industry practitioners (both UX and AI roles) work and the
challenges and solutions they have identified in creating human-centered AI systems. Ultimately, we aim to propose a
better approach for team-based HAI development based on the derived insights.

ResearchQuestion 1:What challenges do HAI designers and engineers face in creating HAI systems following

the standard SoC process?

Research Question 2: How do designers and engineers adapt their work processes to improve HAI outcomes?

Research Question 3: How might HAI teams integrate concerns across disciplinary boundaries to align

human and AI needs?

To investigate these questions, we first collected and analyzed a total of 280 HAI design guidelines across different
industry sources. From this analysis, we derived a component model for designing HAI applications that span data, ML
model, user interface, and end-user mental models (see Figure 2). Using our model as a guide, we interviewed 21 industry
practitioners (UX designers, AI engineers, data scientists, and product managers) across 14 different organizations to
understand their current practices for creating HAI systems. Through the interviews, we identify sources of friction
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in the HAI development process and uncover how practitioners currently bridge the design-engineering boundary.

Our �ndings show that current HAI work�ows rarely begin with end-user needs due to the challenges for designers

in de�ning AI experiences upfront. In practice, HAI designers are now working to shape user experiences around

novel AI capabilities. However, successful teams circumvent collaboration challenges by delaying commitment to

solutions until later in the design process. Finally, we highlight speci�c practices around knowledge sharing across

expertise boundaries that oppose established SoC practices. As opposed to SoC and information hiding, we �nd that in

successful teams, designers and engineers communicate across boundaries through �leaky� abstractions that facilitate

a collaborative design process. Many existing practices have evolved in a haphazard fashion. We attempt to better

formalize the use of leaky abstractions.

We contribute to the current understanding of challenges faced by UX roles [32, 100, 102] and AI roles [19, 73, 104] in

developing AI systems that align with human needs, values and are useful and usable by people [37, 67, 71, 79, 86, 97].

Through the lens of the component model of HAI guidelines, we describe the limitations of existing SoC practices that are

optimized for e�ciency but hinder cross-disciplinary collaboration. Further, we discuss alternatives to standard software

development work�ows to bridge knowledge boundaries and highlight solutions for collaboration and co-design of

HAI systems. Finally, through our discussion, we o�er advice for software organizations to realize HAI guidelines and

make recommendations for HAI pedagogy.

2 RELATED WORK

Human-Centered AI frames AI as technology that�augments the abilities of, addresses the societal needs of, and draws

inspiration from human beings�[67]. Based on this vision, research in HCI and AI communities has characterized and

detailed domain-speci�c viewpoints [6, 18, 30, 90], identi�ed challenges [32, 61, 102], and put forth requirements and

strategies [7, 9, 15] to operationalize HAI. Here we synthesize what is known about current human-centered software

development (HCSD) processes, expertise, design work�ows, and boundary representations to identify challenges to

designing HAI systems. Through this synthesis, we highlight the gap we aim to address.

2.1 Human-Centered Approaches in Industry So�ware Teams

2.1.1 Modular So�ware Development:HCSD is a complex problem requiring knowledge and expertise beyond what

any single person can possess. When multiple individuals are involved (UX designers, software engineers, and database

experts, etc.), the preferred approach is to decompose the system into modules and tasks that can be carried out

relatively independently by di�erent people [2, 84]. Often, system modules and work-team structures observe a

homomorphic relation [24]. For instance, UX professionals create the user interface, and engineers implement the

underlying functionality. Speci�c to HAI, Amershi et al. propose a nine stage software engineering work�ow for machine

learning that begins with specifying model requirements and subsequently, data collection, features engineering, and

model development [5]. Prior studies with data scientists [72, 73, 104] have uncovered numerous challenges to realize

such work�ows, including involvement of non-technical roles in technical work stages (features engineering, model

development), di�culty in deriving features based on deep domain knowledge, and data collection and labeling. On

the other hand, in assuming amaterial designapproach to HAI, Yang et al. study UX practitioners and their design

processes for HAI. Through this investigation they highlight challenges for realizing the double diamond UX process

model for AI interface design [26, 99, 103]. Further, while agile methodologies have improved HCSD work�ows in

conventional software [60, 78], the short development cycles and rapid turnarounds are infeasible for AI development

which requires a longer time to design and implement [101].
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2.1.2 Information Hiding, Abstractions, and Collaboration:In multidisciplinary teams, to reduce dependencies between

tasks, team members �rst de�ne the module's outward-facinginterfacewhile the implementationdetails are abstracted

from one another (i.e., information hiding) [45, 76]. In HCSD, designers take a �UX �rst� approach to design the

system's `user interface' [87]. Here, the user interface can be considered the highest level module for end-users to

invoke. Designers map end-user needs into interface design speci�cations. Engineers who also understand the language

of the user interface can translate interface representation into implementation [84]. In other words, the user interface

acts as a natural `seam' for designers and engineers to coordinate. However, such interface-level abstractions quickly

break down when designing AI-powered applications. For instance, in investigating how designers sketch experiences

for natural language processing (NLP), Yang et al. highlight the challenges to design abstractly and propose the need for

ML speci�c abstractions (e.g., language, capabilities, and experiential qualities of NLP) to support designers [100, 101].

Yet, other work has shown that it can be challenging to enforce strict abstractions [82]. In fact, ML is bene�cial in

cases in which behavior cannot be explicitly speci�ed through software logic [27, 77]. Further, in the case of HAI, the

contractnature of abstractions hides implementation details that are necessary for designing AI adaptations, such

as explainability and feedback [7, 21]. With AI, designers and engineers need to bridge abstraction levels along a

part-whole hierarchyto center people in the design of AI sub-components, and within animplementation hierarchyto

o�er interface adaptations to AI uncertainties [94].

In sum, prior work has uncovered limitations of existing HCSD work�ows when it comes to HAI development.

However, previous studies tended to focus solely on data scientists [72, 73, 104] or designers [100, 101]. It remains an

open question on how to handle abstraction in multidisciplinary collaboration between technical and non-technical

roles. Our work aims to address this gap.

2.2 Key Design and Engineering Challenges for HAI

2.2.1 Challenges for Designers:Design knowledge for human-AI systems is comprised of (1) understanding task

characteristics, including type of goals and data representations, (2) machine learning paradigms, (3) human-AI

interactions such as machine teaching, and (4) AI-human interactions such as interpretability [28]. However, current

UX designers are not trained in these aspects of HAI systems. First, UX designers lack the expertise to generate design

ideas for incorporating AI in human tasks [32, 102]. As a result, they often misunderstand the capabilities of ML models

and propose designs that can be di�cult to implement [52]. Second, given that AI takes a long time to build [101],

rapid prototyping with ML through a �fail fast, fail often� approach characteristic of UX design is challenging for

HAI [100]. Moreover, AI requires vertical end-to-end prototyping to identify uncertainties and edge cases and to create

UI adaptations [11, 16, 25]. However, black-box views of ML make it di�cult for designers to understand, design, and

evaluate with AI [43, 44]. Third, UX processes favor creativity and imagination of desired futures, which contradicts AI's

emphasis on speci�city and accuracy [98]. This introduces friction into the design thinking process for HAI systems.

2.2.2 Challenges for Engineers:Similarly, engineers focused on algorithms and techniques fail to consider human

perspectives during initial experimentation and AI prototyping processes [47, 61]. Several aspects of HAI design need

to be incorporated throughout AI work�ow, including identifying model requirements, data collection and labeling,

features engineering, and model training [5, 42, 80]. But expertise in HCI and involvement in exploring human needs

are lacking in engineering training. Engineers who are ML novices were shown to experience breakdowns in early-stage

software development due to lack of specialized design schemas, insu�cient understanding of the design process, and
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sub-optimal design solutions [19, 41]. Consequently, even when designers suggest modi�cations for better human-

centered experience design, model and data changes to the AI may be challenging to execute. In AI techniques such as

deep learning, it can be challenging to identify speci�c functional areas to address human user issues [8]. Further, by

focusing on creating the algorithm, engineers often fail to consider the AI experience as a whole and their involvement

in UX design tapers [32, 38]. AI and UX practitioners can bene�t from a symbiotic relationship [22]. HCI perspectives

about the user interface can improve AI through better quality feedback on performance [81]. For example, AI output

presentation can impact end-users' subjective perception of errors and how they adjust their expectations about AI [54].

To summarize, prior research has separately uncovered design and engineering challenges and respective knowledge

barriers for HAI. However, we lack an understanding of the entire design and engineering pipeline for creating HAI

systems in a multidisciplinary team-based approach. In this work, we build on existing research by studying how

industry practitioners (both UX and AI roles) collaborate across technical and non-technical roles. This includes

challenges that arise in work processes, workarounds the practitioners have created to address the challenges, and their

needs for solutions that do not yet exist. We propose a concrete approach for successful team-based HAI development

based on this understanding.

2.3 Boundary Representations for Collaboration

2.3.1 Role of Boundary Representations:In complex domains such as HAI, teams would ideally address knowledge

di�erences or �symmetry of ignorance� between HCI and AI professionals through collaboration and social creativity [35].

Prior work on software collaboration has identi�ed three types of knowledge boundaries, including (1) assembling�

how information should be structured, (2) designing�how information artifacts are designed, and (3) intended user

interaction�how users interact with designed information [96]. The goal for collaboration is to bridge the knowledge

boundaries described in section 2.2 to acquirecommon groundfor interaction [88]. Common ground in collaborative

work includescontentcommon ground andprocesscommon ground [23, 68]. In HAI, the content common ground is

the datawhich forms the backbone of machine learning (AI) applications [93], and the process entails the design [102]

and engineering [5] in creating both the AI and the UX. Further, these knowledge boundaries can be bridged by either

convergingcontent and process knowledge bases through elaboration, discussion, and negotiation of dependencies

across boundaries (i.e., traversing knowledge boundaries) or through knowledgetranscendenceby integrating just the

necessary information for collaboration through co-created sca�olds (i.e., parallel representations) and dialog around

sca�olds [66].

2.3.2 Boundary Objects:Boundary objects [57, 89], such as external representations, play a critical role in bridging

knowledge boundaries by supporting information sharing, interpretation, negotiation, and co-design. In collabora-

tive design, these representations also includeepistemicobjects such as artifacts of design-pursuit characterized by

incompleteness andtechnicalobjects including design tools that support the process of design inquiry [34]. Further,

when the boundaries are blurry and non-standard, material artifacts support the process of characterizing boundaries

and collaboration, which are called boundary negotiation artifacts [56]. These artifacts consist of (1) self-explanation

artifacts for learning, recording, organizing, remembering, and re�ecting, (2) inclusion artifacts for proposing new

concepts, (3) compilation artifacts to coordinate and align knowledge, (4) structuring artifacts to establish principles at

the boundaries, and (5) borrowing artifacts that are repurposed in unanticipated ways across communities to augment
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understanding [55]. The eventual representation created by the di�ering expertise through collaboration is the arti-

fact'sspeci�cationsencapsulating thewhat�the artifact product itself, the how�the procedure by which it should be

implemented, and thewhy (design rationale)�the reason why the design should be as it is [94].

In conventional software development, prototypes are commonly used as boundary objects [50]. They serve to

bind user needs and technical information and can include design prototyping, prototypes for veri�cation, prototypes

for exhibition, etc. [48, 95]. The need for boundary objects for AI interface design has been emphasized in recent

studies [101]. But as collaborations for HAI systems still lack standardization, the concept of boundary negotiation

artifacts is also likely to be important and relevant. Prototypes for HAI should promote agreement in de�ning task

speci�cations, communicating states of design, identifying references of central notions, and negotiating weights of

criteria and constraints [94]. Given the collaboration challenges described in section 2.2, we need new prototyping

approaches for de�ning speci�cations that include process, content, structure, and form [58]. Further, prototypes should

embody a means-ends hierarchy for envisioning HAI in which each level speci�es the what, the how of the level below,

and the why of the level above [58]. Prior work has identi�ed characteristics of e�ective boundary prototypes, including

interpretive �exibility, plasticity [ 53], and translucency [21, 33]. These characteristics support (1) establishing a shared

syntax, (2) concrete means to learn about di�erences and dependencies, and (3) joint knowledge transformation without

causing information overload [20].

Our work studies the boundary negotiation artifacts to overcome knowledge barriers and achieve standardiza-

tion across technical and non-technical roles. We further propose alternative software development work�ows to

accommodate the practice of boundary negotiation and blending.

3 STUDY 1: ANALYSIS OF HAI DESIGN GUIDELINES FOR COLLABORATION RECOMMENDATIONS

To address our research questions on collaborative HAI practices, we began by determining a consensual view of

recommended industry design practices for HAI. We collected HAI design guidelines from major industry sources to

characterize current understanding of collaboration requirements in the �eld. Then, we synthesized the recommendations

as a set to create a comprehensive model of HAI guidelines. This summary model serves as structure for our interviews

(Study 2) with industry practitioners to organize inquiries about actual design processes used in industry projects.

3.1 Method

3.1.1 Data Collection.Various companies have o�ered recommendations for human-AI application design based on

their internal design and development practices. Our primary sources include Microsoft's �Guidelines for Human-AI

Interactions� [4, 7], Google's �People + AI Guidebook� [39], and Apple's �Human Interface Guidelines� [51]. In addition,

we collected recommendations published through formal and informal reports by industry practitioners, including

�Human-AI Guidelines Cheat-sheet� [59] and �Deloitte Insights� [3]. If a guideline combined multiple recommendations

in a single sentence, we split the guideline into individual recommendations. In total, we collected 280 separate design

guidelines across these sources. We arrived at a �nal 249 after removing or combining similar guidelines.

3.1.2 Analysis.The �rst author conducted an a�nity diagramming exercise [83] to identify key topic hierarchies in the

guidelines (Figure 1). To create the a�nity notes, each guideline was printed on paper and pasted onto a physical sticky

note. By mounting blank �ipchart sheets onto a wall, the �rst author grouped individual notes based on perceived

a�nity. The authors discussed the emergent hierarchies of clusters and determined that the HAI guidelines stress the

goalof combining AI and UX design but do not describe (or prescribe)howdesigners and engineers might collaborate.
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Fig. 1. A�inity Diagram of HAI Guidelines

Based on these clusters, we developed a component model of human-AI design guidelines (Figure 2) and a set of

questions for structuring the interview. Here, we summarize the guidelines and questions about individual components

of the model.

3.2 Findings: A Component-Model Representation of HAI Guidelines

As shown in Figure 2, the model consists of four main components, including (1) human mental models, (2) user

interface, (3) AI models, and (4) training data. As indicated by the arrows, humans (and their mental model) are tightly

linked to all other components to realize human-centered design.

3.2.1 Human mental-models:This set of 89 guidelines focuses on understanding end-user needs in order to design AI

features. Speci�cally, they target (1) understanding how end-users would perform a task on their own and the challenges

they might face; that is, thetask model; (2) understanding people's expectations about what the AI should do, and

setting expectations for people about AI behavior, which we call theexpectation model, and (3) identifying the best type

of AI interaction experience given the situational context; namely, theinteraction model. The guidelines suggest that

designers and engineers elicit these human mental models based on their application vision (or context) and develop a

shared understanding for downstream AI and UX design choices. For instance, one of the guidelines about the task

model recommends identifying opportunities for AI by understanding the existing task work�ow:�mapping the existing

work�ow for accomplishing a task can be a great way to �nd opportunities for AI to improve the experience [39]� . During
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