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Abstract: Human–computer interaction has long been guided by principles such as system feedback, directness, and
usability, most clearly articulated in Direct Manipulation Interfaces (DMIs). With the emergence of adaptive,
AI-driven systems, new interaction paradigms raise the question of whether these foundations still hold or
must be redefined. In this paper, we introduce Infinite Interfaces (IIs), a novel paradigm that integrates natural
language processing, contextual awareness, and multimodal outputs into a single, adaptive entry point. To ex-
amine whether traditional principles extend to this new context, we conducted a moderated usability study with
10 participants, testing an II prototype on tasks ranging from simple actions to complex, multi-step problem-
solving. The findings reveal that while IIs introduce new requirements—such as semantic alignment, personal-
ization, progressive disclosure of functionality, and visually distinguishable multimodal outputs—they remain
grounded in the same core principles as DMIs. Rather than replacing established foundations, IIs reinterpret
and extend them. This work contributes to HCI theory by demonstrating HCI Researchers and UI/UX Design-
ers that design principles remain stable across technological shifts, with innovation emerging in the methods
used to achieve them.

1 INTRODUCTION

Human-computer interaction has long been guided
by principles such as system feedback, transparency,
and simplicity (Gould and Lewis, 1985), (Nielsen,
1994), (Saucken et al., 2014), (Lee et al., 2015), (Li
et al., 2024). Most principles designers relied on for
the last few decades were articulated during the rise
of Direct Manipulation Interfaces (DMIs) (Hutchins
et al., 1985), a paradigm that emphasized visible el-
ements, immediate feedback, and intuitive control
through direct engagement with on-screen elements.
Yet, as technology evolves, we are confronted with a
paradox: do design principles themselves ever truly
change, or do we merely discover new ways to ex-
press them through emerging tools and paradigms? In
other words, are principles presented by DMI theories
timeless, or are they redefined with every technology
shift? This paper explores the enduring relevance of
well-established DMI principles while introducing In-
finite Interfaces (II), a novel type of interface as a con-
temporary evolution of DMI, to see whether the DMI
principles can keep up with the emerging trends of
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natural language processing (NLP), contextual aware-
ness, and the use of artificial intelligence (AI) agents.

DMIs represent a paradigm shift in interface de-
sign, first introduced in the 1980s with the rise of
graphical user interfaces (GUIs). DMI introduced
a new approach to human-computer interaction in
which users interact directly with objects within the
interface, rather than using abstract commands to
complete tasks. This approach introduced new prin-
ciples for creating a user-friendly interface, including
the visibility of system status, immediate action feed-
back, and intuitive control, which enabled systems
to be more accessible and established a standard of
usability and simplicity that has guided interface de-
sign for decades (Shneiderman, 1983) (Shneiderman,
1982) (Kaber et al., 2002). However, as technology
advances and a single product can offer multiple so-
lutions and functionalities to users, it becomes nec-
essary to design systems that adapt to a spectrum of
user needs within a single platform. Traditional GUIs,
however, can struggle to keep pace with this demand
and lack the flexibility to add or integrate new fea-
tures or adjust to emerging use cases. This can lead to
larger redesign efforts, the introduction of fragmented



quick-fix solutions, the division of products into sep-
arate solutions, or the overcomplication of the sys-
tem by layering new features (Calvary and Demeure,
2009) (Eoyang, 1996) (Raskin, 2008).

Recognizing these limitations, we began explor-
ing a new type of interface, which we call the ”In-
finite Interface”, explained more in-depth in Section
2.1. Unlike static systems, IIs combine NLP, contex-
tual awareness, and adaptive multimodal outputs to
create interactions that evolve in response to user in-
put. It enables the system to go beyond its predefined
capabilities and adapt to users’ requests, such as an-
swering questions, completing local tasks, suggesting
apps, performing calculations, displaying local sys-
tem status, and more; hence the name ”Infinite Inter-
faces”.

Our main Research Question (RQ) was whether
the foundational principles of DMIs, such as clear
system feedback, transparent action-to-effect map-
pings, and consistent usability standards, continue to
hold in the new paradigm of IIs, or whether emerging
interface types, such as IIs, challenge these assump-
tions and require rethinking interaction design from
the ground up.

To investigate the challenges of II’s, we conducted
moderated usability tests to identify where users en-
countered difficulties and succeeded during task com-
pletion. Based on the findings, we articulated prelimi-
nary design principles for interfaces like IIs. By map-
ping these principles to established DMI guidelines,
we show that the core goals of a quality interface de-
sign—visibility, user control, error mitigation, trans-
parency, and reduced cognitive load—remain consis-
tent. Taken together, these findings demonstrate that
the principles required for IIs do not overturn the
foundations of DMIs but instead represent their evolu-
tion, adapting established values to meet the demands
of more adaptive and AI-driven interaction environ-
ments.

This paper makes three contributions to the field
of HCI research and practice: introducing Infinite In-
terfaces (IIs) as a novel paradigm of interaction that
extends DMIs by leveraging AI, NLP, and contextual
adaptation; reporting findings from usability testing
of an II prototype, highlighting where users encounter
challenges and how these shape interaction design; ar-
ticulating a set of preliminary design principles for
IIs and demonstrating how they map onto and evolve
from the established principles of DMI’s.

Together, these contributions advance understand-
ing of how foundational HCI principles persist while
being reinterpreted in the context of adaptive, AI-
driven systems.

2 BACKGROUND AND RELATED
WORKS

Throughout the evolution of technology and UI de-
sign, it becomes evident that, despite advancements in
tools, methodologies, and user expectations, the foun-
dational principles of design remain constant. These
principles, such as usability, accessibility, simplicity,
and clarity, transcend the specifics of time and techno-
logical context (Woods, 1984) (Hartson, 2003) (Gon-
zalez et al., 2017). Concepts like immediate feedback,
intuitive controls, and natural mappings between user
actions and system responses have become corner-
stones of user-centric design, as designers seek intu-
itive solutions (Paas et al., 2003) that make interfaces
more accessible, engaging, and efficient. Even in con-
temporary human-computer interactions, we still have
to consider the same factors: how users approach a
task, their cognitive load, task formulation, thought
process, the output evaluation, etc. (Hartson, 2003)

One of the earliest explorations of Direct Manip-
ulation as an interaction paradigm was in Human-
Computer Interaction, 1985, by Lawrence Erlbaum
Associates, Inc., Edwin L. Hutchins, James D. Hol-
lan, and Donald A. Norman (Hutchins et al., 1985).
This pioneering research introduced the concept of
interfaces that allowed users to interact directly with
digital systems, marking a departure from the tradi-
tional, command-based interaction paradigm. These
systems laid the foundation for what would later be
formalized DMIs. This approach emphasized reduc-
ing the cognitive load on users and fostering a sense of
immediacy and engagement (Vicente, 1996), which
remains a fundamental principle in modern interface
design. Ben Shneiderman, one of the founders of the
field of Human-Computer Interaction, has outlined
several virtues that make DMIs a foundation of effec-
tive interaction (Shneiderman, 1982). These princi-
ples form a framework that continues to shape modern
interface: novices can quickly learn basic functions,
experts can work efficiently and extend the system,
intermittent users can easily return thanks to intuitive
concepts, errors are rare and recoverable due to im-
mediate feedback, and users can quickly see whether
their actions support their goals and adjust as needed.

However, despite their historical success, DMIs
face limitations in contemporary contexts. Their
static design and reliance on fixed features constrain
flexibility, often requiring users to adapt their behav-
ior to the system rather than the system adapting to the
user. As digital products evolve into multi-purpose
platforms, DMIs may also increase cognitive burden:
users must navigate layered functionalities and com-
plex feature sets, which can overwhelm attention and



Table 1: A Principle-Based Mapping of IAI and DMI.

Interactive AI Guideline Corresponding DMI Principle
Observability, Synthesizability Visibility of system state; support for novice learning
Responsiveness; Search adaptation Intuitive control and natural mappings; minimizing

the Gulf of Execution
Task migratability; Dialog initiative; Adaptation User empowerment; usability; flexibility
Predictability and consistency Immediate feedback, visibility of actions and out-

comes
Coherence; Adaptation Simplicity; reduced cognitive load
Reachability; Customizability Reversibility; error tolerance
Support for user orientation Reducing the Gulf of Execution

reduce efficiency.
Over time, in response to DMI limitations, inter-

faces evolved by integrating new elements that en-
hanced user interaction. For example, Brad A. Myers
proposed the idea of Demonstration Interfaces (DI)
(Myers, 1992) as a step beyond DMI, where most
of the original recommendations remain relevant to-
day, such as the predictability of users’ actions to
avoid repetition, and applying constraints to objects
to reduce available options to avoid confusion. An-
other alternative style of interaction proposed by A.
Carrillo and J. Falgueras is Goal-Driven Interaction
(GDI) (Carrillo and Falgueras, 2015), a solution to
another DMI limitation: to guide users through the
system, so that no prior familiarity with the interface
is required.

Transitioning into the AI era, the principles had to
evolve to adapt to the major technological shift driv-
ing modern interfaces. In their work (St. Amant and
Healey, 2001), R. St. Amant and C. Healey describe
usability guidelines for Interactive Search and demon-
strate that AI systems require careful adaptation of
established guidelines to maintain effective user in-
teraction. What is striking is that these recommenda-
tions echo long-standing HCI values: responsiveness,
observability, predictability, and user control. Ta-
ble 1 maps these interactive (IAI) guidelines against
the corresponding principles of DMI, illustrating that
even with AI-driven systems, the underlying design
philosophies remain more continuous than divergent.

A number of authors have argued that design
guidelines are rather expressions of human capabili-
ties than technology-specific rules. J. Johnson, fol-
lowing the idea of design principles continuation, de-
scribes UI guidelines as expressions of deeper emo-
tive and cognitive constraints, rather than guidelines
tied to a specific technology. (Johnson, 2014). Sim-
ilarly, A. Blair-Early and M. Zender propose a pa-
rameter–principle framework for interface design that
is intended to remain “timeless enough to guide in-
terface development as technologies and techniques

change” (Blair-Early and Zender, 2008). In recent
years, as AI agents have advanced, dedicated guide-
lines for designing AI-based systems have emerged,
comparing the findings based not only on case-studies
(Babcock et al., 2019), (Weisz et al., 2024), (Con-
stantinides et al., 2024) but also on recommendations
from major companies such as Apple, Google, and
Microsoft (Wright et al., 2020). In 2019, Microsoft
Research Center presented a comparative analysis of
18 human-AI interaction design guidelines, (Amer-
shi et al., 2019), which can be broadly grouped into
themes such as setting expectations and explaining
system behavior, being context-aware and relevant,
supporting user control and correction, adapting and
learning responsibly, respecting social norms and fair-
ness, and clearly communicating changes over time.

2.1 From DMI and IAI to Infinite
Interfaces

The principles established by DMIs continue to res-
onate in modern interaction design; however, the en-
vironments in which they operate have become in-
creasingly dynamic and complex. Building on this
foundation, we introduce the concept of Infinite In-
terfaces (IIs), a new paradigm that extends DMI
principles by leveraging advances in AI, contextual
awareness, and NLP. IIs aim to preserve usability,
transparency, and user empowerment; however, they
achieve these goals through adaptive and personal-
ized behaviors that enable the interface to evolve in
response to the user.

In this research, we define IIs as AI agents that
dynamically adapt and modify both their outputs and
user interface in response to input, thereby providing
contextually relevant and personalized experiences.
Unlike traditional interfaces confined to local applica-
tions or static web platforms, IIs function across mul-
tiple environments simultaneously: it can act locally
on a device (e.g., retrieving system status, launching




