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Abstract

Al-based interfaces in highly automated environments, such as smart factories and autonomous mobility systems, remain in an
information-oriented paradigm. However, with the emergence of Agentic Al, which performs decision-making beyond human
cognitive capacity, information-oriented interfaces face significant limitations. Although effective intervention requires sufficient
preparation time before action, increasing transparency alone does not necessarily improve operational efficiency. This study defines
this phenomenon as the Transparency Paradox and argues that the goal of AI-UX in the Agentic Al era should shift from
maximizing transparency to Transparency Optimization. To address this challenge, this study defines Margin(Time) as the temporal
difference between the Al prediction horizon and the time required for human intervention, and proposes PHAIM (Predictive
Human-Adaptive Interface Model), which dynamically reconfigures the interface according to this Margin across four stages:
Situation Recognition, Decision Formation, Action Preparation, and Control Transfer.The proposed framework extends Explainable
Al from an explanation-oriented paradigm to decision-oriented AI-UX, providing new design principles and a theoretical foundation
for human-centered interface design in Agentic Al environments.
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2. Formalization of Human Temporal
Characteristics and Margin
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« Provide full context

* Build situation awareness

+ Explain prediction

+ No immediate action required

= Highlight key information

= Guide attention to critical factors
* Monitor changes

= Prepare for possible action

« Show actionable options.
« Suggest intervention

* Increase alert level

« Get ready to take over

» Immediate response required
* Human takeover
+ Execute safety fallback
* Prevent collision
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Fig. 3. Smart Manufacturing Scenario Applying the PHAIM Design Framework
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Fig. 4. Timeline of Human Control Transition in a PHAIM-Based Smart Manufacturing Scenario
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IV. Human-Adaptive Interface Design
Framework

1. Principles of the Human-Adaptive Interface
Design Framework

obA A A A A1 S PHAIME] 212 7Hd 3 323t

A3}

No Principle Design Implications Design Adoption Framework (PHAIM Component)
) . -Define the remaining time before human intervention prior to determining information
Time as the primary .
Temporal desian variable content or presentation.
P1 ) P 9 ) -Design information only after the human time simulation has been established.
Primacy (Human-Centered Time . . ) ) .
. . -Introduce available human supervision time as a design parameter for determining
Simulation ) @l
automation levels™.
. L . -Quantify the level of information compression based on the available Margin (Time)?%.
Information Maintaining meaningful . . . .
P2 . -As the available Margin decreases, reduce the overall information volume, rather than
Reduction human control . )
merely reorganizing its presentation.
Progressive reallocation -Avoid abrupt transitions directly to warning or emergency states.
Graduated ) ) . . ) o )
P3 . of human supervisory -Calculate the Margin(remaining time) and progressively transition by 4 interface states:
Escalation .
roles Explanatory — Focused — Urgent — Escalation.
Dynamic Re.al-tllme -Adapt the interface according to individual differences in cognitive processing speed.
L personalization based . . . ; . . .
P4 Individual ; -Continuously update user models during operation using physiological and behavioral
L on human processing : ) :
Calibration speed signals (e.g., fatigue and attention level).
-Prepare predefined Al automation strategies for situations where human control transfer
P5 Safe Ensuring standard safe fails (e.g., no response or emergency conditions).
Degradation default behavior -When the available Margin reaches zero, execute predefined fail-safe actions
(e.g., automatic stop).
Lo -Interface state transitions should be explicitly communicated to the human operator.
Mode Making interface state . . " . . 27
P6 Transition transitions percentible -Silent or unannounced automation transitions may lead to failures in mode awareness*".
P P -Provide dedicated notification mechanisms for Human-Adaptive Interface transitions.
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