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VISUALIZATION OF EVA CONSUMABLES INFORMATION  

On current extravehicular activity (EVA) missions, crewmembers depend on ground support personnel to monitor 

activities and spacesuit systems. On future deep space missions, crewmembers will be autonomous. Without the 

help of ground personnel, they will be responsible for monitoring their own and their team members’ spacesuit and 

consumable information when performing an EVA. Therefore, it is necessary to investigate approaches to concise 

representations of EVA consumable information. Based on information gathered through interviews with subject 

matter experts (SMEs) and crewmembers, it was found that there are four consumables of major interest: oxygen, 

battery power, cooling water, and carbon dioxide scrubber.  

Over the past three years, the Displays and Controls Interfaces team investigated a number of different methods for 

presenting a crewmember’s consumable information. The first study investigated visual and auditory presentations: 

table formats with and without highlight, similar to the current ground control visualization, four icons with the 

limiting consumable highlighted, a single icon showing only the limiting consumable and sounds. A follow-on 

experiment investigated the visual presentation of EVA consumables for a team of crewmembers with tables and 

multidimensional icons such as Chernoff faces and stick figures. A third experiment looked at the effects of 

highlights (color text and border) on recognizing critical information displayed in a table. The tasks were to identify 

the crew member with a low level of consumable or in the worst condition based on the consumable levels. Finally, 

the purpose of the last experiment was to evaluate the effects of modality of the information provided on workload, 

situation awareness, and task performance. This study employed a task of completing a multi-step procedure while 

participants were asked to make decisions about procedure completion based on the current levels of the 

consumables.  

The results show that highlighting the limiting consumable decreases identification time, regardless of the method of 

highlight. Providing any type of highlight (color or border) improved performance compared to tables with no 

highlights (i.e. white text only on black). Further analysis revealed that highlighting the table text with borders 

provided similar benefit to using red text. Thus, in cases when color cannot be used, such as monochrome devices, 

white borders are recommended as highlight. Multidimensional icons are recommended when there is limited real 

estate on the display. Finally, it is beneficial to add speech information to visual presentation. 

 

SPATIAL AUDITORY DISPLAY FOR REMOTE PLANETARY EXPLORATION 

During EVA missions, the availability and the reliability of most of the sensory inputs available on Earth is reduced 

and typically the processing of visual information is highly dependent on 2D displays. This research addressed the 

information organization on displays that integrate navigation information and the health and status of crew and 

mission systems. Access to information can be made intuitive and non-disruptive to the task at hand by identifying 

best approaches to the display of complex information with limited resources, and by using the most appropriate 

display modality (visual and auditory). For example, spatial (3D) auditory cues can provide information that is 

complementary to, or may substitute for, cues in the visual environment.  

 

A primary goal of this research was to compare performance in localization of different targets during a simulated 

extra-vehicular exploration on planetary surface with different types of displays for aiding navigation: a 3D spatial 

auditory orientation aid, a 2D North-up visual map, and the combination of the two in a bimodal orientation aid. It 

was expected that the target localization task would benefit from a bimodal presentation of the navigation aid, in 

particular under degraded visual environmental conditions (low visibility and/or high ambiguity).  In a separate 

experiment using a similar protocol, the impact of visual workload on performance was also investigated under high 

workload (dual-task paradigm: orientation task combined with monitoring of four consumables) and low workload 

(single orientation task) levels. The results showed that a combined presentation of 2D visual and 3D auditory cues 

leads to a significant improvement in performance (higher percent correct for orientation, faster RTs) compared to 

either unimodal condition, particularly when the visual information required mental spatial transformation or when 

the visual environmental conditions were degraded. Further, compared to a visual-only 2D display, orientation aids 

utilizing spatial auditory cues (either auditory or bimodal displays) mitigated the negative impact on performance 

due to high visual workload. 
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