
Alexandra Holloway

Designing for situation awareness
and operator control

with large data volumes 
in NASA's Deep Space Network



2014-04-21
Slide 2/MAX

“From the Desert to the Stars”
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DSN provides support to most of the world’s spacecraft
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13
Antennas

3
Sites

50
Years old

37 hour
Round-trip light time

3–6
Operators per shift

2
Links per operator

3
8-hour shifts per station

24
Hours per day

Deep Space Network Staffing
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Two links per operator
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Human problems in “big” data
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Q: What should I pay attention to?

A: Only the things that need it.
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Task Action Sequence, Basic

Norman (1986)
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Task Action Sequence, Expert

Berkman (2009)
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Task Action Sequence, Expert

Berkman (2009)
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Endsley (1995)

Situation Awareness
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8 Things That Help Situation Awareness

Decreasing 
workload, 
fatigue, 
anxiety
Verify necessary 
support documents 
and equipment

Step 1

Not relying 
on short-
term 
memory 
alone
Verify necessary 
support documents 
and equipment

Step 1

Watch for 
data 
overload
Verify necessary 
support documents 
and equipment

Step 1

Misplaced 
salience
Verify necessary 
support documents 
and equipment

Step 1

Complexity
Verify necessary 
support documents 
and equipment

Step 1

Out of the 
loop
Verify necessary 
support documents 
and equipment

Step 1

Support 
correct 
mental 
models
Verify necessary 
support documents 
and equipment

Step 1
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Where do we add autonomy?

Where?
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Raising SA in an autonomous world

Levels of automation
Adaptive automation
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Design principles
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What should I pay attention to?
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Goal-oriented task analysis

Goal Decision Task Action

Endsley (2012)
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Process

User-centered design
Daily engagement of expert link control operators 
and other ops personnel

Data-driven prototyping
Realness of data contributes to realistic prototypes 
and richer conversations, even if the prototype is 
paper

Frequent, short “sprints”
Two-week long sprints keep tasks focused; an 
overarching goal keeps sprints connected to vision

Hypothesis-led iteration
Each design iteration serves to address a specific 
hypothesis or open question

Vision statement
Complex sentence serves as a guiding principle or 
overarching goal
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What’s been tried
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“There’s a billion displays.”

Davidoff (2013)
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IRIS displays: too much hierarchy, latency
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“What we need is speed.”

Ames (2013)
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An organized control system for 
developing and maintaining 
situation awareness, 
supporting operator control,
and 
facilitating fast decision-making 
surrounding 
automatic setup and maintenance of 
Deep Space Network support activities
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Research questions



2014-04-21
Slide 35/MAX

Does intervention lead to better decisions than control?
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Increased performance
Shorter time to task and lower error rate 
Outcome variable 1

Decreased perceived workload
May be related to “display clutter”
Outcome variable 2

Increased situation awareness
As measured by subjective and objective measures
Outcome variable 3

Does intervention lead to better decisions than control?
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State of the future
Develop and maintain a model of the projected 
future
Operationalized by stamp ribbon
Research Question 2

Making changes
Investigate appropriateness of everything-editable 
versus modal lock/edit states or special 
configuration displays
Operationalized by modals and config displays
Research Question 6Details and deltas

Support level-1 situation awareness with quick 
details; support level-2 situation awareness by 
calculating deltas
Operationalized by the “All” sub-display
Research Question 3

Make it visual
Use a strong data-ink ratio for large information 
transfer, rather than showing measurements and 
numbers alone
Operationalized by downlink carrier FFT display
Research Question 4

By my own rules
Investigate level-3 situation awareness with 
operator control for forming rulesets for realtime
data processing
Operationalized by Complex Event Processing
Research Question 7

Strengthen the mental model
Arrange by spacecraft, antenna, subsystem, 
device, and by everything; Will filtering and search 
be helpful?
Operationalized by logging
Research Question 5

Is everything okay?
Develop and maintain global situation awareness
Operationalized by postage stamp
Research Question 1
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RQ1: Is everything okay?
Develop and maintain global 
situation awareness
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RQ1: Is everything okay?
Develop and maintain global 
situation awareness
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RQ2: State of the future
Develop and maintain a model of 
the projected future
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RQ3: Details and deltas
Support level-1 (perception) situation awareness with quick details; 
support level-2 (comprehension) situation awareness by calculating deltas
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RQ4: Make it visual
Use a strong data-ink ratio for large information transfer, rather than 
showing measurements and numbers alone
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RQ5: Strengthen the mental model
Arrange by spacecraft, antenna, subsystem, device, and by everything; 
Will filtering and search be helpful?
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RQ6: Making changes
Investigate appropriateness of everything-editable versus modal lock/edit 
states or special
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RQ7: By my own rules
Investigate level-3 (projection) situation awareness with operator control 
for forming rulesets for realtime data processing
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Development and test plan
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