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Autonomous systems increasingly assume functions once performed by human operators. In deterministic automated
systems human operators could cope with situations beyond the reach of automation designers’ foresight (Vicente, 1999).
The human ability to interpret novel situations, detect anomalies, reconfigure strategies, and recover when procedures or
automation fail, allowed to “complete the design” in unexpected, underspecified real-world situations. Advances in
machine learning, predictive control, and real-time sensing increasingly allow designers to expand the control boundaries
of autonomous systems and silently absorb human operators’ adaptive functions in the technology itself.

The replacement of operator adaptation by Al-based technologies raises two interrelated challenges. The first is that
expanding the control envelope of the technology requires formalization of decision rules, constraints, and environmental
features. Formalization often overlooks context-dependent, recognition-based heuristics used by expert operators,
replaces flexible human decision-making strategy choices with brittle algorithms, and neglects real work-practices by
relying on work-as-imagined documents. When situations arise that require this unformalized knowledge, it might no
longer be available. In addition, the more the operators are left out-of-the-loop (Endsley & Kiris, 1995; Endsley & Kaber,
1999), the more they will have problems with timely detecting system failures, understanding what is going on (autonomy
induced surprises), knowing when to intervene, and successfully taking over (Sarter, Woods & Billings, 1997).

Design principles exist for supporting people’s adaptive capabilities, including the ability to prevent, detect and recover
deviations from normal functioning. Yet, ensuring that adaptive capabilities are maintained in a Human-Al joint system
requires more than good ergonomics. It seems also necessary to map formalization/real-work gaps, incorporate human
decision models into the Al-algorithms, and designing for dynamic, overlapping, and redundant task allocations between
human and technology.
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