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Background
Follow the Sun Operations (FtSO)

* |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 (sn

Functions, n.d.)




Background
DSN Complex Event Processing (DCEP)

* Method of combining streams data from different sources

in order to identify meaningful events and patterns (choietal.
2016)

« Ongoing situations are matched to incidents previously
captured as discrepancy reports

« DCEP output guides decision-making
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Background
Cognitive Aids

« 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)
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Background

Cognitive Aids
* Improve performance * Reduce workload
— Greater adherence to — Lower subjective
recommended procedures for workload ratings and
the most common intraoperative less device inputs (van
emergencies (Ariaga et al., 2013) 3;“";;}”3;;;5”;;;ZE)”kSSO”’ &

— Higher average expected arrival

time adherence (van de Merwe, Oprins,
Eriksson, & Van der Plaat, 2012)
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Background
Expertise

« Cognitive load theory (sweler, 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
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Background
Expertise

* Facilitates performance

— Experts excelled in reconstructing real chess positions (Simon &
Chase, 1973)

— Journeymen had less losses of separation without automated
tools (Kiken, 2012)
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Background
Expertise

* Mitigates workload

— Journeymen significantly faster at answering probe ready prompts
(Kiken, 2012)

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

Acceptance

« Technology Acceptance Model (avis 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.
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Method

Purpose

« 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
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Method

Research Questions

1.

What effect will the cognitive aid have on operator
performance in the DSN framework?

What effect will the cognitive aid have on operator
subjective workload in the DSN framework?

Will expert operators perform differently than novice
operators with and without the cognitive aid?

Will novice operators have higher acceptance ratings for
the cognitive aid compared to experts?
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Method
Task

* 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.”

16 jpl.nasa.gov



Method

Experimental Design

« 2 Group X 2 Assistance mixed ANOVAS

* Independent variables  Dependent variables
— Group — Interactions
» Expert/Novice * Clicks
— Assistance — Performance
- Cognitive aid/No cognitive aid * Time on task
— Subjective workload
« NASATLX

— Technology acceptance
« TAM PU scale

— Think aloud
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Results
Interactions (clicks)

Within-Subjects

Factors
Measure: MEASURE_1
Dependent
assistance Variable
1 cogaid_clicks
2 nocogaid_clic
ks

Between-Subjects Factors

Value Label N
group 0O expert
1 novice

Descriptive Statistics

Tests of Within-Subjects Effects
Measure: MEASURE_L

Type Il Sum Noncent. Observed

Source of Squares df Mean Square F Sig. Parameter Power
assistance Sphericity Assumed 1.778 1 1.778 373 564 373 D81

Greenhouse-Geisser 1.778 1.000 1.778 373 564 373 081

Huynh-Feldt 1.778 1.000 1.778 373 564 373 081

Lower-bound 1.778 1.000 1.778 373 564 373 081
assistance * group  Sphericity Assumed 1.174 1 1.174 246 B37 246 071

Greenhouse-Geisser 1.174 1.000 1.174 246 637 246 071

Huynh-Feldt 1.174 1.000 1.174 246 637 246 071

Lower-bound 1.174 1.000 1.174 .246 B37 246 071
Error(assistance) Sphericity Assumed 28.604 6 4.767

Greenhouse-Geisser 28.604 6.000 4.767

Huynh-Feldt 28.604 6.000 4.767

Lower-hbound 28.604 6.000 4.767

Std.
group Mean Deviation
cogaid_clicks expert 3.88 1.797 4
novice 1.54 1.417 4
Total 2.71 1.949 8
nocogaid_clicks  expert 4.00 1.780 4
novice 2.75 2.398 4
Total 3.38 2.066 8

a. Computed using alpha = .05

Tests of Within-Subjects Contrasts
Measure: MEASURE_1

Type Il Sum Noncent. Observed
Source assistance of Squares df Mean Square F Sig. Parameter Power®
assistance Linear 1.778 1 1.778 373 564 373 081
assistance * group  Linear 1.174 1 1.174 246 B37 246 071
Errorassistance) Linear 28.604 6 4.767
a. Computed using alpha = .05
18
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Results
Interactlons (C“CkS) Estimated Marginal Means

1. Grand Mean
Measure: MEASURE_1

95% Confidence Interval
Mean Std. Error  Lower Bound  Upper Bound

3.042 380 2.112 3.971
2. group
Levene's Test of Equality of Error Variances?® Measure:  MEASURE_L _
95% Confidence Interval
F dfl df2 Sig. group Mean Std. Error ~ Lower Bound | Upper Bound
cogaid_clicks 044 1 6 .841 XU 3932 S37 2623 5.252
nocogaid_clicks  1.500 1 6 267 DOTEEN  2.146 537 831 3460

Tests the null hypothesis that the error variance of the
dependent variable is equal across groups. 3. assistance
a. Design: Intercept + group Measure: MEASURE_1

Within Subjects Design: assistance 95% Confidence Interval

assistance Mean std. Error | Lower Bound  Upper Bound
1 2.708 572 1.309 4.108
2 3.375 747 1.548 5.202

Tests of Between-5ubjects Effects

Measure: MEASURE_1

Transformed Variable: Average 4, group * assistance

Type Il Sum Noncent. Observed Measure: MEASURE_I
Source of Squares df Mean Square F Sig. Parameter Power 95% Confidence Intarval
Intercept 148.028 1 148.028 64.108 000 64.108 1.000 group  assistance Mean Std. Error ~ Lower Bound  Upper Bound
group 12.840 1 12.840  5.561 .056 5.561 .507 EXDRI! 3.875 809 1.895 5.855
- 13854 & 7,300 : 2 4.000 1.056 1.417 6.583
- novice 1 1.542 809 -438 3.521
a. Computed using alpha = .05 2 2750 1.056 167 5333
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Results
Interactions (clicks)

Profile Plots

Estimated Marginal Means of MEASURE_1
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Results

Efficiency (time including timeouts)

General Linear Model

Within-Subjects

Factors
Measure: MEASURE_1
Dependent
assistance Variable
1 cogaid_time_
H
& nocogaid_tim
e_s

Between-Subjects Factors

Value Label N
group 0O expert 4
novice 4

Descriptive Statistics

Measure: MEASURE_L

Tests of Within-Subjects Effects

Std.

group Mean Deviation
cogaid_time_s expert  253.1250 86.23164 4

novice  309.0000 99.38729 4

Total 281.0625 91.17113 8
nocogaid_time_s  expert 427.7500 B2.65339 4

novice  473.3750 115.01259 4

Total 450.5625 95.87322 8

Type Il Sum Noncent. Observed
Source of Squares df Mean Square F Sig. Parameter Power
assistance Sphericity Assumed 114921.000 1 114921.000 26.970 002 26.970 989
Greenhouse-Geisser  114921.000 1.000 114921.000 26.970 0oz 26.970 989
Huynh-Feldt 114921.000 1.000 114921.000 26.970 0oz 26.970 989
Lower-bound 114921.000 1.000 114921.000 26.970 .002 26.970 989
assistance * group  Sphericity Assumed 105.063 1 105.063 025 .BRO 025 052
Greenhouse-Geisser 105.063 1.000 105.063 025 880 025 052
Huynh-Feldt 105.063 1.000 105.063 025 880 025 052
Lower-bound 105.063 1.000 105.063 025 B8O 025 052
Error(assistance) Sphericity Assumed 25566.688 6 4261.115
Greenhouse-Geisser 25566.688 6.000 4261.115
Huynh-Feldt 25566.688 6.000 4261.115
Lower-bound 25566.688 6.000 4261.115
a. Computed using alpha = .05
Tests of Within-Subjects Contrasts
Measure: MEASURE_1
Type Il Sum Noncent. Observed
Source assistance of Squares df Mean Square F Sig. Parameter Power
assistance Linear 114921.000 1 114921.000 26.970 0oz 26.970 989
assistance * group  Linear 105.063 1 105.063 025 .BBO 025 .052
Error(assistance) Linear 25566.688 6 4261.115
a. Computed using alpha = .05
21 jpl.nasa.gov



Results
Eﬁ|C|ency (t|me |nCIUd|ng t|meouts) Estimated Marginal Means

1. Grand Mean

Measure: MEASURE_1
95% Confidence Interval

Mean std. Error  Lower Bound ~ Upper Bound
365.813 30.027 292.340 439.285
a 2. group
' N .
Levene's Test of Equality of Error Variances Measure: MEASURE_1
F dfl df? Sig. 95% Confidence Interval
AT . Lower Bound  Upper Bound
cogaid_time_s 127 1 6 734 group Mean | Std. Error il
— expert 340.438 42.464 236.532 444.343
nocogaid_time_s 2.048 1 6 202 .
novice 391.188 42.464 287.282 495.093

Tests the null hypothesis that the error variance of the
dependent variable is equal across groups.

a. Design: Intercept + group 3. assistance
Within Subjects Design: assistance

Measure: MEASURE_1
95% Confidence Interval

Tests of BE[WEEI‘I-SI.ID]EC(S Effects assistance Mean std. Error  Lower Bound  Upper Bound
1 281.063  32.895 200.570 361.555
Measure: MEASURE_1 2 450.563  35.408 363.923 537.202
Transformed Variable: Average
Type Il Sum Noncent. ObSENEnd )
Source of Squares df Mean Sguare F Sig. Parameter Power 4, group * assistance
Intercept  2141100.56 1 2141100.56 148.425 .000 148.425 1.000 Measure: MEASURE_1
group 10302.250 1 10302.250 714 430 714 111 95% Confidence Interval
group assistance Mean Std. Error  Lower Bound  Upper Bound
Eioy 80552.938 b 14475.490 expert 1 253.125  46.521 139.292 366.958
a. Computed using alpha = .05 2 427.750  50.074 305.223 550.277
novice 1 309.000  46.521 195.167 427.833
2 473.375  50.074 350.848 595.902
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Results
Efficiency (time including timeouts)

Profile Plots

Estimated Marginal Means of MEASURE_1

assistance

—1
2

500.004

450,004

400.007

350.007

Estimated Marginal Means

300.00- -

250.004

T T
expert novice

group

23 jpl.nasa.gov



Results

Efficiency (time including timeouts)

Within-Subjects

Tests of Within-Subjects Effects

Factors Measure: MEASURE_1
. Type Il Sum Noncent. Observed
Measure: MEASURE_1 Source of Squares df Mean Square F 5ig. Parameter Power®
Dependent - —
assistance Variable assistance Sphericity Assumed 18459.054 1 18459.054 3.125 137 3.125 301
1 cogaid_time Greenhouse-Geisser 18459.054 1.000 18459.054 3.125 137 3.125 301
to Huynh-Feldt 18459.054 1.000 18459.054 3.125 137 3.125 301
2 nocogaid_tim Lower-bound 18459.054 1.000 18459.054 3.125 137 3.125 301
e_to assistance * group  Sphericity Assumed 33.482 1 33.482 006 943 006 050
Greenhouse-Geisser 33.482 1.000 33.482 .006 943 .006 050
BE[WEEI’I-SI.ijEClS Factors Huynh-Feldt 33.482 1.000 33.482 006 .943 006 050
Lower-bound 33.482 1.000 33.482 006 943 006 050
Value Label N ; -
Error{assistance) Sphericity Assumed 29538.875 5 5907.775
DIDEE expert 4 Greenhouse-Geisser  29538.875  5.000  5907.775
L novice 3 Huynh-Feldt 29538875  5.000  5907.775
Lower-bound 29538.875 5.000 5907.775
Descriptive Statistics a. Computed using alpha = .05
std.
Deviation S R
group Mean Tests of Within-Subjects Contrasts
cogaid_time_to expert 253.1250 86.23164 4 Measure: MEASURE_1
novice 263.8333 50.76006 3 Type IIl Sum Noncent. Observeﬂd
Total 257.7143 67.89382 7 Source assistance of Squares df Mean Square F Sig. Parameter Power’
nocogaid_time_to  expert 323.3750 99.12566 4 assistance Linear 18459.054 1 18459.054 3.125 137 3.125 301
novice 340.3333 156.09079 3 assistance * group  Linear 33.482 1 33.482 .006 943 .006 050
Total 330.6429 114.52755 7 Error(assistance) Linear 29538.875 5 5907.775

a. Computed using alpha = .05

24 jpl.nasa.gov



Results
Efficiency (time including timeouts)

Levene's Test of Equality of Error Variances®

F dfl df2 Sig.
cogaid_time_to 593 1 5 476
nocogaid_time_to 690 1 5 444

Tests the null hypothesis that the error variance of the
dependent variable is equal across groups.

a. Design: Intercept + group
Within Subjects Design: assistance

Tests of Between-Subjects Effects

Measure: MEASURE_1
Transformed Variable: Average

Estimated Marginal Means

1. Grand Mean

Measure: MEASURE_1
95% Confidence Interval

Mean Std. Error  Lower Bound  Upper Bound
295.167 33.320 209.516 380.818
2. group

Measure: MEASURE_1
95% Confidence Interval

group Mean std. Error  Lower Bound  Upper Bound
expert 288.250 43.626 176.106 400.394
novice  302.083 50.375 172.591 431.576

3. assistance

Measure: MEASURE_1
95% Confidence Interval

assistance Mean std. Error  Lower Bound  Upper Bound
1 258.479 28.301 185.729 331.229
2 331.854 47.760 209.083 454.625

Type Il Sum Noncent. Observed
Source of Squares df Mean Sguare F Sig. Parameter Fower
Intercept  1194834.67 1 1194834.67 7B.475 000 78.475 1.000
group 656.095 1 656.095 043 .Ba4 043 053
Error 76128.333 5 15225.667

a. Computed using alpha = .05

4, group * assistance
Measure: MEASURE_1
95% Confidence Interval

group assistance Mean std. Error  Lower Bound  Upper Bound
expert 1 253.125 37.055 157.873 348.377
2 323.375 62.533 162.630 484.120
novice 1 263.833 42.787 153.846 373.821
2 340.333 72.206 154.721 525.946

25 jpl.nasa.gov



Results
Efficiency (time not including timeouts)

Profile Plots

Estimated Marginal Means of MEASURE_1
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Results
Workload (TLX)

Within-Subjects

Factors
Measure: MEASURE_1
Dependent
assistance Variable
1 cogaid_tlx
2 nocogaid_tlx

Between-Subjects Factors

Tests of Within-Subjects Effects

Value Label N
group 0O expert 4
novice 4
Descriptive statistics
std.
group Mean Deviation
cogaid_tix expert 40.0463 29.53423 4
novice 37.5000 18.73714 4
Total 38.7731 22.93787 8
nocogaid_tlx  expert 42.4769 18.90933 4
novice 42.3611 18.68941 4
Total 42.4190 17.40524 8

Measure: MEASURE_1
Type lll Sum Noncent. Observed
Source of Squares df Mean Square F Sig. Parameter Power®
assistance Sphericity Assumed 53.169 1 53.169 268 623 268 072
Greenhouse-Geisser 53.169 1.000 53.169 .268 623 .268 072
Huynh-Feldt 53.169 1.000 53.169 268 623 268 072
Lower-bound 53.169 1.000 53.169 .268 623 .268 072
assistance * group  Sphericity Assumed 5.908 1 5.908 030 869 030 052
Greenhouse-Geisser 5.908 1.000 5.908 .030 .BB9 030 052
Huynh-Feldt 5.908 1.000 5.908 030 .BB69 030 052
Lower-bound 5.908 1.000 5.908 .030 .BB9 030 052
Error{assistance) Sphericity Assumed 1191.030 6 198.505
Greenhouse-Geisser 1191.030 6.000 198.505
Huynh-Feldt 1191.030 6.000 198.505
Lower-bound 1191.030 6.000 198.505
a. Computed using alpha = .05
Tests of Within-Subjects Contrasts
Measure: MEASURE_1
Type Il Sum Moncent. Observed
Source assistance of Squares df Mean Square F Sig. Parameter Power®
assistance Linear 53.169 1 53.169 268 623 268 072
assistance * group  Linear 5.908 1 5.908 030 .869 030 052
Error(assistance) Linear 1191.030 6 198.505
a. Computed using alpha = .05
27 jpl.nasa.gov



Results
Workload (TLX)

Levene's Test of Equality of Error Variarfces

F dfl df2 Sig.
cogaid_tlx 389 1 6 556
nocogaid_tlx .162 1 6 701

Tests the null hypothesis that the error variance of the
dependent variable is equal across groups.

a. Design: Intercept + group
Within Subjects Design: assistance

Tests of Between-Subjects Effects

Measure: MEASURE_1
Transformed Variable: Average

Estimated Marginal Means

1. Grand Mean

Type Il Sum Noncent. Observed
Source of Squares df Mean Square F Sig. Parameter Power®
Intercept 26368.645 1 26368.645 34.397 .001 34.397 998
group 7.087 1 7.087 .009 927 .009 051
Error 4599.595 6 766.599

a. Computed using alpha = .05

Measure: MEASURE_1
95% Confidence Interval
Mean Std. Error  Lower Bound  Upper Bound
40.596 6.922 23.659 57.533
2. group
Measure: MEASURE_1
95% Confidence Interval
group Mean Std. Error  Lower Bound  Upper Bound
expert 41.262 9.789 17.309 65.214
novice 39.931 9.789 15.978 63.883
3. assistance
Measure: MEASURE_1
95% Confidence Interval
assistance Mean Std. Error  Lower Bound  Upper Bound
1 3B.773 8.744 17.377 60.169
2 42.419 6.647 26.155 58.683
4, group * assistance
Measure: MEASURE_1
95% Confidence Interval
group assistance Mean Std. Error  Lower Bound  Upper Bound
expert 1 40.046 12.366 9.788 70.305
2 42.477 9.400 19.476 65.477
novice 1 37.500 12.366 7.241 67.759
2 42.361 9.400 19.361 b65.362
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Results
Workload (TLX) Profile Plots

Estimated Marginal Means of MEASURE_1

assistance

—1
2

43.004

42.00

41.004

40.00- Q

35.0049

Estimated Marginal Means

38.00

37.004

T T
expert novice

group

29 jpl.nasa.gov



Results
Workload (TLX)

= nna00p6 |~ mn21p6 |~ wanss |~ Tx-Comp. |~ Scenariof |~ Triain ~ | Assistance -7
301 85 17 1574074074 5 7 GABLAE14E2 50 10 9.25925926 0 4 3703703704 4 0 0 20 4 3703703704 38.884ESEO B 1[NeCogaid
a0 15 3 I 15 3 27777ITITR 5 5 462962963 10 2 1BS1BS185 15 3 277 1] 1 LESIBSIES?  16.66666667 D 2| NoCogaid
302 75 15 13.88888889 75 15 13 88BE8889 75 15 13.88888889 0 0 0 75 15 1388888889 5 1 0925925926 56.48148149 A 1| NoCogAid
302 65 13 12.03703704 &0 12 1111111111 &0 12 1111111111 15 3 2777777778 20 4 3703703704 15 3 2777777778 4351851852 C 2| NoCogaid
303 &0 12 1111111111 40 B 7.407407408 45 9 8333333334 40 8  7.407407408 &0 12 1111111111 55 11 10.1851B519  55.55555556 D 3 | NoCogAid
L] 85 17 1574074074 70 14 12.96296296 75 15 13.83888889 5 5 462962963 s 15 13.88888889 80 16 1481431487 75.52592553 B 4| NoCopAld
3 15 ENNERLEEEELET] 3 5 462962963 T 6 5555555556 0 4 3703703704 ] 5 462962963 45 9 £333333334  29.62962963 C 3| NoCogaid
304 5 5 461962963 0 4 3.703703704 20 4 3.703703704 15 3 aImIIIIIe 20 4 3703703704 5 5 462962963 23.14814815 A 4| NoCopaid
311 10 2 1851851852 10 2 1851B51852 15 3 2IMNTIT8 8BS 17 15.74074074 45 9 8333333334 95 19 1759255259 48.14814815 B 3| NoCogAid
311 45 9 B.333333334 10 2 1.851B51852 15 3 2777777778 43 9 B.333333334 10 2 1851851852 65 13 1203703704  35.18518519 D &4 id
312 65 13 12.03703704 50 10 9.25925926 50 10 9.25925926 65 13 12.03703704 65 13 1203703704 45 9 8.333333334 6L.96296297 A 3| NoCogAid
312 45 9 8333333334 50 10 9.25925926 60 12 111 0 14 1296396296 55 11 1018518519 55 11 1018518519  62.03703704 C 4| NoCoghid
313 30 6 5555555556 20 4 3703703704 45 9 833333334 5 5 462962963 35 7 6481481482 &0 12 1111111111 3981481482 D 1 NoCogaid
313 50 10 9.25025926 10 2 1851851852 &0 12 1111111111 &0 12 11.11111111 55 11 10.18518519 65 13 1203703704 S5.55555556 8 2 Noﬂc\g.&ld
314 25 5 462962963 0 0 0 £y 7 6481481482 25 5 462062963 30 6 5555555556 15 3 2777777778 24.07407408 C 1| NoCogaid
314 15 3 2777777778 o o 0 5 1 0925925926 20 4 3.703703704 15 3 277778 5 1 0925925926 11.11111111 A 2| NoCogAid
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Results
Time 2x2x2

Multivariate Tests"

Honcent,

Tests of Within-Subjects Effects
Measure,  MLASLRE_3

Hypothests Type 1 Sum Ohiserved
Effect Value F of Errordf S Paramenes source o Squares. dt ' g Powr
scenario Pillai's Trace 007 _0ap® 1000 6.000 BAT 040 053 acenatia B T T R 7T | (53
“m.; u_ml;da e tag® 1000 8.000 Ea7 040 033 ]::: :::m m :: ':: ::;
lm.rnng" Trace 007 et 1000 6000 BAT et 083 J:I'IW ‘Siog0 v :“, e 'M;
Within-Subjects Factors Foy's Largest Root 007 E2l Lood 6.000 84T J40 053 soenasio * growp. 3855125 1 3655125 BTy 583 Y 085
Measure: MEASURE_1 seenario * group Pilars Trace 030 184 1000  6.000 683 184 .05 BAET2E [ LO06 | MEERE L A as 065
Wilks oy 70 ga® o0 5 " B &5 3655.125 1000 3655.125 184 543 e 065
Dependent iy Laon L ik 1o sk ki i3 o 1655125 1000  36SS.A2S 184 643 184 85
scenario  assistance Variable Hotelling's Trace 31 184® 1000 6,000 B8 184 0BS5S Erorscesanal Spherioty isumed 118596375 6 19516.063
1 1 simple_cogai Roy's Largest Root 031 1aa® 10600 6,000 681 144 085 Greenhouse-Genser  L18596.575  6.000  19616.063
d_time_s haymi-fes LIASB6.3TS  6.000  19BI6.063
- assistance Palar's Trace 616 26.970° 1000 6.000 002 26,970 959 ; G R R BT
2 slmple__noco Wilks' Limbda 182 26.970° 1.000 6.000 002 26.970 383 assistance Sphericity Arlumed  229841,000 ! 2IURALO00 26970 002 16.970 £
gaid_time_s Hoteling's Trace  4.495  26.970" 1000 OO0 002 26,970 989 Crmanboute-Consar | 229842000 1000 329842000 26970 002 8970 £
2 1 complex_cog Row's Largast Root 4.495 76,970 1.000 6000 o2 26970 959 Muyrih- Farkds IIPEST000 1000 2IPR000 26970 oo 26970 g
aid_time_s 5 Lowsr-pound 229842000 1000 JI9BA2D00 26970 00 26.970 959
e assismnce * group Pilai's Trace A4 25 1.000  6.000 80 A28 052 prsrnce * group e Al 210,125 ) 710125 s 025 57
2 complex_noc Wilks' Limbida 996 025" 1000 6.000 BED 025 052 Gregnhouse-Grater OIS LU0 A0 05 A 25 i
ogaid_time_s Y p2s® 1000 6.000 250 028 052 Hunyrn-Feld 210125 1000 210,125 025 850 025 52
3 Lower-bound 210.125 1.000 210,125 025 A0 025 052
'W‘ u'w“ m £04 025 1.000 £.000 880 025 052 Enortasustancel Sphericity Axsumed !I])!.!F.! & B522.229
Between-Subjects Factors scenana * assisTance Filal's Trace (246 1.856° 1000 6.000 211 1.856 219 Greenhouse-Gemar | S1133.37% 6000 £522229
J Wilks’ Lambda 754 1956° 1000  6.000 211 1956 219 Harynh-Faide SI33APE 6000 8522218
Value Label N 3 Lo - bousd SIIELEM 6000 ES22279
"“'W’ Trace 20 1'”5_ 009 | eep £l L3I 13 Ccenio®uimbice  SoherceyAdwmed 62634123 1 eNsaa a6 an 1956 FT0)
group 0 expert 4 Ron's Largest Root 26 1956 1000 000 21 1.956 219 Gresnhouse-Caiuier | 62835123 1000 6IRS0I% 1936 201 1936 T
1 novice 4 Srenaria * assismnce Pllafs Trace 029 Brey 1.000 B.000 B8 182 .0B% Huynh-Faldy BIE35.02% 1000 EFRIS.AIE L9A6 211 1948 219
L . 0 ] BIEISIS 1000  62NS.ANE 196 ETH 1936 208
Wilks' Lambda 471 ,uzh 1000 6.000 685 182 STl v T T Soiss T iz oy
Hotelling's Trace 030 182 1000 6.000 BB 182 DES G T Clal 51000 1000 3asieen TR e Ty
Descriptive Statistics Rov's Largest oot 030 B 1.000 B.000 653 182 085 Huynh-Faléy SE12000 1000 5R32.000 " B85 L 065
: Lowe:-boued 5832000 1000 SA32000 82 65 182 085
a. Desl It + group
std. m.'%.’m.&‘"m.,.- SE8NANG + ALCHEINCH < CCONANG * AEEKEANCE o Sphericey Assumed 192714375 5 32119063
group Mean Deviation b, Exaer e eanariotaminmncel o ese-Geoser | 192714375 6000 37119.063
Huynih-Feldt 192714.375 6.000 32119063
simple_cogaid_time_s expert  201.0000 95.24355 4 €. Computed using alpha = 03 Lower-bousd 192714375 6000 32119.083
novice  262.5000 63.40084 4 2 Computed wing alpha = 05
Total 231.7500 81.79897 8 Mauchly's Test of Sphericity”
. T Tests of Within-Subjects Contrasts
simple_nocogaid_time_s  expert  491.2500 217.50000 4 Measure. MEASURE_1
— Sk Measure:  MEASURE_L
novice  488.5000 154.68139 4 Type W dum Rengare. Oberved
Approx. Chi- Greenhouse- Lower- Aouree scenano  aststince  Of Squates @t M Square [ g Parameres Power
Total  489.8750 174.72954 8 Within Subjects Efect  Mauchiy'sW  Square  of @ sy Geisser  Huynhefeldr  bound srarm Unear #00.000 1 0000 040 847 a0 51
complex_cogaid_time s expert  305.2500 98.24926 4 scenano 1.000 000 [ E 1.000 1.000 1000 eanasia * groe Lingar 3835123 1 iessaas s 681 18a 064
N assistance 1.000 000 0 - 1.000 1.000 1.000 Erroricenariol Lnear 118896575 L 19816063
novice  355.5000 164.47999 4 75
e S 1908 o0 0 = 1.000 ansistance Linear 120842.000 | zaeEArOGO 26970 002 28.970 T
Total 330.3750 128.26862 8 Teats the null Fypothess hat the rrrn;  matrix of the orthonarmalized transiormed de Anntance © greup Lnear 2101258 i 210,128 025 880 023 052
g propartianal 1 an identity matrix Ertoriassiatance) Linear 51133375 6 85128
c;)mplex_nocogald_llme expert  364.2500 130.64296 4 . “"m iR, Meanania * ansiseance [T 62835125 1 G2EISI25 1956 21 1.956 219
- novice  458.2500 201.29311 4 Within Subjects m«m SEENAMG + ASTHIANCE + SCERANG ™ assistance AN T AL T Unear  Unedr 5832.000 1 58372,000 182 683 182 063
Total  411.2500  164.93787 8 Bitplie uded woadiust (e dugrany of soedtr Gor W et rhged bists of sioaiicanice: Comrected Hests e G ing eyt Leear 9EFAATS 8 arimee

‘e 3ty of Within-Subjects Effects table.

Ermor
litenatiatariatance)

4. Computed wing alpha = 0%
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Results
Time 2x2x2

Levene's Test of Equality of Error Variances?®

Multivariate Tests

Hypothesis Noncent. Observehd
Value F df Error df Sig. Parameter Power
Pillai's trace 818 26.970° 1.000 6.000 .002 26.970 989
Wilks' lambda (182  26.970° 1.000 6.000 .002 26.970 989
Hotelling's trace 4.495  26.970% 1.000 6.000 002 26.970 989
Roy's largest root 4.495  26.970% 1.000 6.000 002 26.970 989

Each F tests the multivariate effect of assistance. These tests are based on the linearly independent pairwise
comparisons among the estimated marginal means.

a. Exact statistic

b. Computed using alpha = .05

4, scenario * assistance

F df1 dfz Sig. Measure: MEASURE_1
simple_cogaid_time_s 246 1 6 638 95% Confidence Interval
simple_nocogaid_time._s 556 1 6 484 scenario  assistance Mean Std. Error  Lower Bound  Upper Bound
complex_cogaid_time_s 1.159 1 6 323 1 1 231.750 28.604 161.759 301.741
complex_nocogaid_time 282 1 6 614 2 489.875 66.724 326.608 653.142
s
= 2 1 330.375 47.897 213.174 447.576
Tests the null hypothesis that the error variance of the dependent
variable is equal across groups. 2 411.250 59.993 264.452 558.048
a. Design: Intercept + group
Within Subjects Design: scenario + assistance + scenario =
assistance
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
Type Il Sum Noncent. ObSEWEld
Source of 5quares df Mean Square F Sig. Parameter Power’
Intercept  4282201.12 1 4282201.12 148.425 .000 148.425 1.000
group 20604.500 1 20604.500 714 430 714 111
Error 173105.875 6 28850.979

a. Computed using alpha = .05

Estimated Marginal Means

1. Grand Mean

Measure: MEASURE_|
955 Confidence intenaal
Mean  %d fror  Lower Bound  Upper Bound
365,813 30.027 207,340 430.285
scenario
Estimates
rasure; MEASURE_
5% Confidaree Interal
enaria MEan  Sid, rror  Lower Bound  Upper Bound
360.613 30797 285.456 436.169
STO.B15  45.752 258.861 452764
Pairwise Comparisons
tasure:  MEASURE 1
5% Confidence interval for
Mean ¥
Difference 0
scenano (I} scenario n Sud, Ervor Sg.* Lower Bound  Upper Bound
S 10000 49770 Ba7  -181782 111782
1 10000 29.770 847 111.782 131782

58d oA mmaTed marginal mean

a. Adjustma for multiple comparisons:

adjustmentsl.

Vake i
fafs race. onr | pant
ks’ mbda 993 a0t
walling's trace 007 oaot
s argest roct 0T o4t

.
a. Ewact statist
b. Computed wing alpha = 05

Least Significars Diftererce (#quivalen 1o na

Multivariate Tests
Hypothasis Mo Obterved
af Erordl  Sig. Parameter Power"
1000 6.000 T 040 053
1000 6000 547 40 053
1000 6.000 BaT 040 053
1.000 6.000 847 40 053

5 the mlivarate eMECE Of SCHRario. TREse HSTS are BAsed o The iNearly INGERERJENt pairwise
4003 among the estmated marginal neans,

3. assistance

Estimates
Measure: MEASURE |
5% Confidence Interal

assistance  Mean S trror  Lower Bowund | Upper Bound
1 ISL06  32.895 200,570 361355
2 450,563 35.408 161,973 537.202

Pairwise Comparisons
Messure: MEASURE_L

95% Confidence Inerval for
Mean o ea®
Differance (- .

il assistance () assistance I Sd.Error 5" Lowsr Bound | Upper Bound
1 2 -169.500 32.63% 02 ~249.364 -89.636
1 1 169.500° 12659 anz 59616 249,364

Based on ASEmATed MArginal maans
*. The maan deference i sigrifiean at tha 05 lavel

b, Adjuszment for riple comparisons: Least Signaicant Dfference (8qubalent o no.

ad|ustments),
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Results

TAM

Participant Group
301 EXPERT
302 EXPERT
303 EXPERT
304 EXPERT
311 NOVICE
312 NOVICE
313 NOVICE
314 NOVICE

TAMPU-1 "TAMPU-2 "TAMPU-3 'TAMPU-4 'TAMPU-5 'TAMPU-6

1

NN W

1

MW NN O W

2

MW UOYWwd

1

NN NPRE YW

2

MWW w~

1

N W MNP N

Average
1.33333333
7
2.83333333
6
3.33333333
2
2.66666667
2

N oA WwWN R

Extremely Likely
Quite Likely
Slightly Likely
Neither

Slightly Unlikely
Quite Unlikely
Extremely Unlikely
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Results

Misc
Average of NASA TLX Column Labels E4 Column Labels §4
e Expert Expert Total = Novice Novice Total Grand Total Expert Novice Grand Total
Row Labels B4 CogAid NoCogAid CogAid NoCogAid Average of cogaid_prompt_clicks 2375 2125 225
ACE 29.62962963 36.57407408 33.10185185 45.83333334 43.05555556 44.44444445 38.77314815
JNO 598.72222223 57.40740741 58.56481482 29.62962963 51.85185186 40.74074074 49.65277778
MRO 53.70370371 36.11111111 44.90740741 34.72222223 37.5 36.11111111 40.50925926  Participant Group cogaid_prompt_clicks
VGR2 17.12962963 39.81481482 28.47222222 39.81481482 37.03703704 38.42592593 33.44907408 301 Expert 35
|Grand Total 40.0462963 42.47685186 41.26157408 37.5 42.36111111 39.93055556 40.59606482 302 Expert 0.5
pe .

Average of Total Time (s) Column Labels K2 303 Expert 3

e Expert Expert Total ® Novice Novice Total Grand Total 304 Expert 2.5
Row Labels B CogAid NoCogAid CogAid  NoCogAid 311 Novice 2
ACE 3105 4755 393 428 530 479 436 312 Novice 3
INO 262.5 600 431.25 280 600 440  435.625 313 Novice 15
MRO 300 253 276.5 283 3865 33475  305.625 314 Novice 2
VGR2 139.5 382.5 261 245 377 311 286
Grand Total 253.125 427.75 340.4375 309 473.375 391.1875 365.8125

ExpAgeAv NovAgeAv ExpFem NovFem ExpMal NovMal
58.75 46 2 1 2 3

ExpWorkYrAv  NovWorkYrAv
30.5yr 2.75yr
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Results
Participant Feedback

Anything else you'd like to,share about the CEP? —

You will QJ 5D <cha) 7 N o plal wa~ld
Eoviraa AALAT T v Alg Slrepn {d7ZF SpFret alren
‘{qd a_ lot— gvf‘afm? w/"/x L

Anything else you'd like to share about the CEP? —

The Cz ? LP}PS mé:/mf’w Wh% c/rsp/at/p

é.“quf—rﬁwg' 2
and i was gopd 4o ],,auc:g s’rmafca#a/f

Anything else you'd like to share about the CEP?

ool 1o pin o lede o el oran]al
A €T Qpasidins “
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Results Anyiring else you'd like to share about the CEP? 4 | ——
o T improves Uk T Ve 1T by
Participant Feedback Lhsugh 14 e yetull } tusle

Anything else you'd like to share about the CEP? !

~The LE°_smld b uselil do oiw opindel o
a&#?v/ ¢ -/}UP ﬂvcuﬂ_ﬁm_w

J
__;J{t#_%i}l "
Anything else you'd like to share about the CEP? _

v, y E .

Anything else you'd like to share about the CEP?

=onnc FEEDBRACAL &5 T -Dueds T DAoL

(T ARc ”B'E_me_‘ ARNALTSED TO ST 2eAwa &

= E

SUCCESTED AT oS . Coormblsd w2 U PR B by
PAlomMmeTeRS  Hen s
Deemed NomMirvac .

B Codtice By G5 D AN
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Background
Cognitive Aids

* The National Playbook (piaybook, 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
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Background
Cognitive Aids

* Playmaker (aiendoerfer & 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
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Method
Task

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
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