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Performance assessment under visual, cognitive
and haptic (manual) secondary task load - How to
Interpret Lane Change Task (LCT) results

Dr. Anja Katharina Huemer, Prof. Mark Vollrath




Background: The Lane Change Task

Driving task for participants

b ,Please change lanes as soon as your recognize the sign.”
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4. lane keeping

3. maneuver
2. react
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Background: ISO 26022:2010
Objective of the LCT

1ISO 26022:2010, p.1

“This Standard describes a dynamic dual-task method that
guantitatively measures human performance degradation on
a primary driving-like task while a secondary task is being
performed. The result is an estimate of secondary task
demand. [...]

The method is applicable to all types of interactions with in-
vehicle information, communication, entertainment and control
systems; haptic, visual, haptic and auditory, and
combinations thereof. [...]

The objective of the present document is to provide a valid,
reliable and sensitive laboratory method that estimates the
effect on driving performance caused by the demand from in-
vehicle information and communication systems.”
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Where to start from?
Questions about test qualities

Reliability

» Large differences between laboratories in baseline performance from
0.8m up to 1.6m

» Effects of instructions used

= Strong training effects

Rognin, Alidra, Val, Lescoaut & Chalandon, 2007; Weir, Kwok & Peak, 2007
Petzoldt, Bér, Ihle,& Krems, 2010; Young, Lenné & Williamson, 2011; Huemer & Vollrath, 2012

Sensitivity
» Limited sensitivity for task demand level in mean deviation

» Mixed results for additional measures
Harbluk, Burns, Lochner & Trbovich, 2007; Bruyas et al. 2008; Young, Lenné & Williamson, 2011
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Driving parameters in the Lane Change Task
Basic & Adaptive Model

Basic Model Metrics

= Mean Deviation MDEV
= MDEV Lane Keeping
= MDEV Lane Change

Meters fromsign:  -40 -30  -20 0 +40
1 1
1 1
1 1

= SDLP for Lane Keeping
= Lane Change Initiation
. ~" .

Lane Keeping Lane Change Lane Keeping = Erroneous / Missed
Lane Changes

Adaptive Model (individual Lane Changes)
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Research Questions
LCT metrics - What do they tell about secondary task demand?

2. How do gaze, effort and performance interact?

» How does gaze behavior affect LCT performance?

» How does secondary task performance affect LCT performance?
= How are effort and subjective load incorporated?
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Secondary Tasks
4 Tasks: 2 Difficulties

SURT Cognitive Task
= Calculations
Critical Tracking Task Haptic (manual) Task
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Performance measures

= Percentage of correct task completion z-transformed using single task
performance of each task (easy)
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Ergoneers

Gaze Behavior
Data

3 Areas of Interest, for each

Glance Proportion per AOI

2. Visual tasks
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Demand, Subjects & Procedure

Subjective demand

» Rating of general, visual,&
temporal demand, stress &
tasks interference

Subjects
= 25 subjects (209; 5&)
» Age: M=21.2 (SD=2.4) years

Training
»= 10 trials LCT

= 5 min training in each
secondary task

1L

Design
= Within Subject
= 2 experimental sessions

Procedure
= Baselines

= LCT: before and after
secondary tasks

» Secondary tasks: 6 minutes
single tria
» Balanced orders of secondary
tasks

» For each secondary task: two
trials of LCT with task
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RESULTS
1. MODEL CHOICE
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Results: Basic vs. Adaptive Model
Correlation: Task Level
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RESULTS

2. GAZE, SECONDARY TASK
PERFORMANCE & DEMAND
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How visually demanding are the secondary tasks?
Glance Proportion per AOI
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Does gaze behavior predict LCT performance?

140 = easy = hard — Baseline

=
£ B _ Secondary
é r—'0.458, n.s. TaSk 'I'E’.p_3
g (O Baseline
§ Ocognitive
g X CTT
cognitive  CTT haptic SURT Ahapttc
hard + SuRT
x
hard
— * easy
&) +
9,
c o
©c
T O
.S %
L m
a)
o easy
% ‘5 x hard
0 5 a
= c
— @©
% N
o g easy
=5 =]
o c
B g end
g 5 o i} ug]g:r;;n neasy whard
— = £ 8000
O o 2 7000
1 0 begin £ 6000
T T | T T A" é 50:00
. g 4000
Proportion of Glances to LCT 5 3000
Performance Change to Baseline [SD] § o
000 cognitive CTT haptic SuRT
Technische : : ) : :
Universitit 18. September 2013 | Anja Katharina Huemer | The Lane Change Task’s (LCT) measures and metrics | Seite 15
Braunschweig

V I ngenieur- und

erkehrspsychologie




Mean distance from ideal trajectory

How do LCT performance and secondary task

performance interact?
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Can subjects asses their performance?
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Secondary Task Performance:
Change to Baseline [SD]

Subjects’ effects: Are there individual strategies?
Task Performance, Gaze Behavior & Effort

r=-0.525; p<0.01

LCT Basic Model Mean Deviation:
Performance Change to Baseline [SD]
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Subjective Task Interference:

Proportion of to LCT

Performance Change to Baseline [SD]

r=-0.223; n.s.

0p o °

Performance Change to Baseline [SD]

r=0.803; p<0.01

LCT Basic Model Mean Deviation:
Performance Change to Baseline [SD]

LCT Basic Model Mean Deviation:
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Summary & Conclusions

1. Model choice & sensitivity
= Basic model is sufficient
» Follow the ISO protocol with trained participants

2. LCT performance, secondary task, gaze & subjective
demand
= LCT performance is not predicted by visual behavior alone

= Secondary task performance does not influence LCT performance
between tasks

= Subjective ratings of demand are related to LCT performance
» |ndividual strategies in prioritizing tasks
» LCT does not only show visual distraction, but also manual and cognitive

Next steps
» What task characteristics determine prioritization?
=  Which individual characteristics determine prioritization?
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Results: Basic vs. Adaptive Model

Correlation: Individual Level

Adaptive Model
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Results: Basic vs. Adaptive Model
Effects don’t differ between models
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Results: Additional Metrics

Additional information is found in...
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p<0.01; p<0.05
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Performance Changes: SURT
Dual task compared to single task easy

Task performance

Gaze behavior
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Performance Changes: CTT
Dual task compared to single task easy

Task performance

Gaze behavior
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Performance Changes: Haptic Task
Dual task compared to single task easy

Gaze behavior
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Performance Changes: Cognitive Task
Dual task compared to single task easy

Task performance

Gaze behavior
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Results: Gaze
Mean Glance Duration per AOI

cognitive CTT haptic SuRT
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Results: Gaze
Glance Frequency into AOI
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Results: Gaze
Total Glance Time per AOI
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Results: Gaze
Minimal Glance Time per AOI
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Results: Gaze
Maximal Glance Time per AOI

14,00 - m easy = hard

12,00 4
2. Visual tasks EEkE
8,00 -
6,00 -
4,00 -
2,00 A -

0,00 T T ———

cognitive CTT haptic SuRT

Maximal Glance Time in AQI [s]

Maximal Glance Time in AOI [g]

cognitive haptic

measy mhard
12,00 -
10,00 -

8,00

IC task

6,00 1

apt

4,00 4

2,00

0’_00 ; r j_'__—i;‘

cognitive C1T haptic SuRT

Maximal Glance Time in ACI [s]

Technische
Universitit 18. September 2013 | Anja Katharina Huemer | The Lane Change Task’s (LCT) measures and metrics | Seite 32
B

raunschweig

V I ngenieur- und
erkehrspsychologie




Results: Gaze
Number of Glances per AOI
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Secondary Task Performance & Subjective Demand

Secondary Task Performance

Subjective demand
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Summary:. Metrics
What effect for which type task?

Cognitive Task CTT

» Smallest effects » Strong deterioration in

= Best differentiation in Reaction performance for hard condition
Time while lane change & SD = Best differentiation in lane
Deviation while lane keeping keeping metrics

Haptic Task SURT

= Strong deterioration in = Strong deterioration in all
performance performance measures

= Best differentiation in lane
keeping metrics

*k
Cognitive demands  Reaction Time while lane change
Visual demands Lane keeping performance
Haptic demands All performance deteriorated

Effect less specific in Reaction Time
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Conclusions
How to analyze LCT data

1. Data base - Original, Distance based, Time based?
* No significant differences

2. Analysis model - Basic vs. Adaptive?
= Smaller absolute deviations in adaptive model
» Only very small changes in effect sizes

3. Metrics - Phases (Lane Keeping, Lane Changes)?

» Effects of secondary tasks' components are to be found in different
amounts in different parameters

Recommendations
= Analysis according to Basic Model is sufficient
» | ane keeping and lane changes should be analyzed separately
= Additional metrics should be used
= SD Deviation, SD Lane Position, Reaction Time in Lane Changes
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Task Performance, Gaze Behavior & Effort
Tasks' Effects
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Mean distance from ideal trajectory

How do LCT performance and secondary task

performance interact?
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