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AUTONOMOUS SYSTEMS FOR MARS ROVER OPERATIONS: ASSESSING THE IMPACT OF
AUTONOMY LEVELS ON HUMAN PERFORMANCE AND HUMAN FACTORS OUTCOMES

Abstract

As space missions, particularly deep space exploration like Mars missions, increasingly depend on
autonomous systems, understanding the interaction between human operators and these systems is critical
for mission success. The proposed study uses Human-In-The-Loop testing with a mixed (between-within-
subjects) experimental design to examine the impact of varying autonomy levels (partial vs. full) on human
performance metrics, including response time and decision accuracy, as well as key factors such as cognitive
workload, trust, and situational awareness. Cognitive workload will be assessed using the NASA Task
Load Index (NASA-TLX), while situational awareness will be measured with the Situational Awareness
Global Assessment Technique (SAGAT). Trust in autonomy will be evaluated using the Human-Robot
Interaction Evaluation Scale (HRIES). These measures will help evaluate how well human operators
interact with autonomous systems without taxing cognitive resources, losing situational awareness, or
experiencing trust issues.

Twenty research participants will be randomly assigned to four experimental conditions (autonomy
level x task type) created by the combination of two autonomy levels (partial vs. full) and two task types
related to Mars Rover path planning (routine monitoring vs. off-nominal event conditions). In the partial
autonomy condition, the system makes decisions and executes them, but human operators can override
any decision made. In contrast, the full autonomy condition consists in the system making and executing
decisions independently without any human intervention. Moreover, the two task conditions will simulate
typical mission operations, including routine monitoring and off-nominal events (e.g., unexpected terrain
or obstacles).

By manipulating autonomy and event configurations, and introducing communication delays to simu-
late Mars-like conditions, the proposed study aims to achieve two main objectives: (1) evaluate Human-
Autonomy Teaming, and (2) identify optimal human-autonomy interaction strategies that enhance perfor-
mance, safety, and efficiency. These insights are particularly vital for Mars Rover missions and deep space
missions in general, where real-time human intervention is often not feasible due to major communication
delays.

The findings will inform mission planning and provide evidence-based recommendations for the human-
centered design of effective autonomous system interfaces, essential for future Mars and deep space ex-
ploration missions. Moreover, by addressing key human factors such as situational awareness, trust, and
cognitive workload, this study will contribute to the safe and optimal utilization of autonomous systems
in Mars Rover operations and other space missions.
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