
Measuring the effectiveness of a 

cognitive aid in Deep Space 

Network Operations

Edward Barraza

Dr. Alexandra Holloway
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• Increase in missions, 

higher data rates, and 

more complex procedures 

(Choi, Verma, & Malhotra, 2016)

• Automation improvements 

designed to manage LCO 

workload and efficiency 

are in development (DSN 

Functions, n.d.) 

Follow the Sun Operations (FtSO)

Background
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• Method of combining streams data from different sources 

in order to identify meaningful events and patterns (Choi et al., 

2016)

• Ongoing situations are matched to incidents previously 

captured as discrepancy reports

• DCEP output guides decision-making

DSN Complex Event Processing (DCEP)

Background
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• A cognitive aid is a presentation of prompts aimed to 

encourage recall of information in order to increase the 

likelihood of desired behaviors, decisions, and outcomes 
(Fletcher & Bedwell, 2014)

Cognitive Aids

Background
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• Include, but are not limited to:
– Checklists, flowcharts, posters, 

sensory cues, safety systems, alerts, 

and decision support tools (Levine, 

DeMaria, Schwartz, & Sim, 2013; Singh, 1998)

Cognitive Aids

Background
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• Improve performance
– Greater adherence to 

recommended procedures for 

the most common intraoperative 

emergencies (Arriaga et al., 2013)

– Higher average expected arrival 

time adherence (Van de Merwe, Oprins, 

Eriksson, & Van der Plaat, 2012) 

Cognitive Aids

Background
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• Reduce workload
– Lower subjective 

workload ratings and 

less device inputs (Van 

de Merwe, Oprins, Eriksson, & 

Van der Plaat, 2012)
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• Cognitive load theory (Sweller, 1988) 

– Experts use schemas to efficiently process interrelated elements 

in complex tasks (Redding & Cannon, 1992)

– Experts are able to solve domain-specific problems more 

efficiently when compared to novices

Expertise

Background
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• Facilitates performance
– Experts excelled in reconstructing real chess positions (Simon & 

Chase, 1973)

– Journeymen had less losses of separation without automated 

tools (Kiken, 2012)

Expertise

Background

11



j p l . n a s a . g o v

• Mitigates workload
– Journeymen significantly faster at answering probe ready prompts 

(Kiken, 2012)

– Expert surgeons completed more secure sutures than novices 
(Zheng, 2009)

Expertise

Background
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• Technology Acceptance Model (Davis,1989)

– Perceived Usefulness
• as the degree to which a person believes that using a particular system will 

enhance his or her job performance 

– Perceived Ease of Use
• as the degree to which a person believes that using a system will be free of 

effort. 

Acceptance

Background
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• Examine how a cognitive aid affects the performance and 

workload of expert and novice LCOs in a DSN task 

• Measure LCO acceptance of a cognitive aid

Purpose

Method
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1. What effect will the cognitive aid have on operator 

performance in the DSN framework?

2. What effect will the cognitive aid have on operator 

subjective workload in the DSN framework?

3. Will expert operators perform differently than novice 

operators with and without the cognitive aid?

4. Will novice operators have higher acceptance ratings for 

the cognitive aid compared to experts?

Research Questions

Method
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• Diagnose and resolve any issues that occur within the 

track

• 4 scenarios created with help of a subject matter expert

• Example scenario: Light Rain

• Context: 
– “You are tracking Voyager 2 on DSS 43 located in Canberra. The 

track is cruising. No planned LOS are on the schedule.”

Task

Method
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Experimental Design

Method
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• Independent variables
– Group 

• Expert/Novice

– Assistance 
• Cognitive aid/No cognitive aid 

• Dependent variables
– Interactions

• Clicks

– Performance
• Time on task

– Subjective workload
• NASA TLX

– Technology acceptance
• TAM PU scale

– Think aloud

• 2 Group X 2 Assistance mixed ANOVAS
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Interactions (clicks)

Results
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Interactions (clicks)

Results
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Interactions (clicks)

Results
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Efficiency (time including timeouts)

Results
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Efficiency (time including timeouts)

Results
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Efficiency (time including timeouts)

Results
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Efficiency (time including timeouts)

Results
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Efficiency (time including timeouts)

Results
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Efficiency (time not including timeouts)

Results
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Workload (TLX)

Results
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Workload (TLX)

Results
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Workload (TLX)

Results
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Workload (TLX)

Results
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Time 2x2x2

Results
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Time 2x2x2

Results
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TAM

Results
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Misc

Results
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Participant Feedback

Results
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Participant Feedback

Results
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• The National Playbook (Playbook, 2017)

– Collection of about 130 plays

– Air traffic controllers (ATCos) use it to re-route traffic 

flows

– ATCos combine spatial factors with their knowledge of 

play success rate and play implications 

Cognitive Aids

Background
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• Playmaker (Allendoerfer & Weber, 2004)

– Decision support aid for air traffic management 

– Made recommendations like ATCos using machine 

learning

– ATCo recommendation matched Playbook 

recommendation in four of six scenarios

– Little understanding of its impact

Cognitive Aids

Background
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• Track Configuration Information

• Spacecraft: VOYAGER 2

• Antenna: DSS 43

• Antenna Location: Canberra

• Weather Forecast: Light rains imminent

• Predict Mode: 1W

• Command State: Tracking

• Conscan: Disabled

• Band: X-band

• Rainblower: Off

Task

Method
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