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Source: QuestionPro

Introduction

Survey types

Bicycle road environment

surveys':

1. Descriptive: feelings,
emotions, and attitudes
toward different bicycling
environments

2. Comparative: choices of
hypothetical alternative
bicycling environments

3. Behavioral: Where people
should/will ride

Survey limitations

Heavy reliance on
respondents’ imagination

Different textual or visual
cues might lead to different
results

Hypothetical biases:
overstated / understated
opinions (due to
misrepresentation of real
experiences)

Virtual Reality can help

Full control over the
experimental manipulation

Enhanced sense of place
(eye-level perspective)

Easy variations in design

Replicable scenarios for each
participant

Safe controlled environment

Physiological
measurement as well!

Non-subjective data
undistorted by emotion or
personal bias

Passive date collection
Non-invasive data collection
Additional behavioural

insights beyond self-reported
data B



Survey method

Bicycle simulator & VR
Text

Images

Physiological sensors
Video clips & field riding
Rendered images

Video clips

Images

Bicycle simulator & VR
[Nlustration

Mental map

Bicycle simulator & VR
Video clips

Mental map

Images

Physiological sensors
Video clips

Video clips

Rendered images
Figures

Instrumented bicycle
Telephone

Telephone

Video clips

Text

Verbal (intercept)

Text

Text

Text

Text

Text

Interview at roundabout
Video clips

Video clips

Field riding

Text

Video simulations
Video clips

Video simulations

Field riding

Text

Video clips

Literature summary
Studying bicyclists’
perceived safety

Methods and materials:

- Surveys (representation methods)

Telephone

Intercept
Text
Image

[llustration

Video clip

Mental map

- Field studies
e Equipped bicycle
e Physiological sensors

- Simulators
 Video simulation S
« Interactive simulatiot. | ) |

5



Literature summary
Physiological
measurements with sensors
in bicycle research

A range of sensors have been

Mobile EEG device | dt bi lists'
e.g. MindCapXL 1 emplioyed 10 measure DICYCIISTS
R g e Mobile eye tracker comfort in the field.
‘ﬁ' e.g. Tobii
GPS

How sensitive physiological
sensors are in the field and in the
Mobile EDA device laboratory?
e.g. eSense ]
Anemometer @_

How reliable are the

-~

measurements?

What is the influence of
movement?

How to analyse the data?



Contents

Basics of EDA



Arousal
°
°
Distress Excitement
®
Misery —5 ®. Pleasure
A °
Depression Contentment
°
Sleepiness

Circumplex model of emotion:
eight affect concepts in a circular order

Identifying emotion

Models to classify the spectrum of
emotion

Valence and arousal as the two
fundamental axes

Ratings to different stimuli by using
self-assessment manikins (SAM)
quantify emotional states, i.e. the
amount of valence or arousal.

Level of arousal can be quantified
by EDA sensors

Stress: a measure of arousal with
a slightly negative valence skew



Sebaceous gland—

Sweat gland
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Structure of the skin

— Free nerve

ending

— Basal cells

Blood

. vessels

Electrodermal activity
(EDA)

Various psychological processes
such as cognitive load or stress
activate the sympathetic branch of
the nervous system.

This results in more sweating and
because sweat is an electrolyte
solution, the skin conductivity
increases.

Increased skin conductivity in turn
can be measured by placing two
electrodes on the skin and apply a
small current.

The amount of current that passes
between the electrodes is defined
as skin conductance (measured in
Micro-Siemens) and mirrors the
underlying electrodermal activity



Electrodermal activity

(EDA)
7 #2 Volar surfaces Recommended placement of the
of distal electrodes to collect EDA data

phalanges

Volar surfaces

of medial
phalanges Thenar and
#1 hypothenar
eminences
of palms
——— #3

Distal Proximal | Ankle
phalanx phalanx

of the big toe

(Left) three recommended electrode placements for recording SC on hand.
(Right) recommended electrode placements for recording SC on foot.
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Skin conductance [pS]
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For example: oncoming pedestrian,
noise of a bus approaching, etc.

0 Phasic EDA
B Tonic EDA

1830 1835 1840

Skin conductance signal
Stimulus, latency, and
arousal

EDA signal is composed of an
overall slow drifting signal, called
tonic level, overlaid by short-term
phasic fluctuations, called skin
conductance responses (SCRs)

Response takes place 1 to 4
seconds after the stimulus, called
latency

Amplitude: phasic increase in SC
from SCR onset to its peak (most
commonly used measure)

A
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Rise time ) Half-

recovery
Stimulusjl\; time

Electrodermal measures, definitions, and typical values

Measure Definition Typical Values
| Skin conductance level (SCL) Tonic level of electrical conductivity of skin 2-20 uS
Frequency of NS-SCRs Number of SCRs in absence of identifiable eliciting stimulus 1-3 per min

SCR amplitude

Phasic increase in conductance shortly following stimulus onset

0.1-1.0 uS

EDA measures
Typical values

Values are representative of
healthy young adults

Parameters that affect the typical
EDA measures:

- Age, gender, and ethnicity

- Nature of the eliciting stimuli

- Recording environment (e.g.,
season, time of day, temperature,
humidity, etc.),

- Recording methodology (constant
current or constant voltage)
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Immersion
VR

Immersion
Audio

Measurement
Questionnaire

Movement /
Measurement
Instrumented bicycle

Measurement
Physiological

Experiment
Bike to the future

Data sources:

- Questionnaire

- Bicycle simulator

- Physiological sensor

Participants were seated on a
bicycle simulator.

Participants could brake and pedal.
Steering disabled due to cyber
sickness.

Pedalling in VR was synchronized
and participants could see their
hands on the steering wheel.




EDA Sensor

Shimmer3 GSR+ sensor

Grabbing the handlebar increased

- pressure on the electrodes and
O distorted the signal

(™ : The unit was fastened to the arm,
: two electrodes connected to the
inner wrist
2 \ — .
<|N\ ‘ Non-dominant hand, has less
W movements, avoid artefacts

Brake lever on the left side of the
handlebar was taken out to reduce

' any unnecessary movements due to
braking

EDA sensor and electrodes Sampling rate = 16Hz

Room temperature = 24 °C



Perception of safety:

bicycling in VR (5 scenes) &
answering the questionnaire

A

~25’

Experiment design
Experiment protocol

Baseline EDA:
Participant reads a story

Orientation 1:

Immersion in VR environment
(sitting still on the bicycle & there
are no other agents)

Orientation 2 (test course):
Bicycling in VR environment (alone
with no other agents)

Two different sequences were
designed for each part to account

for ordering effects

Compensation for 45 minutes
S$15 cash / vouchers



Experiment
Bicycling environments

Five different bicycling
environments were designed

All designs were 380m long

SR
"%’} ~ Segregated




Physiological Sensor
Arousals during bicycling

Visual output indicates how
respondents were aroused by
pedestrians, intersection, and
vehicles.

©)
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Defective signal: decomposed by Continuous Decomposition Analysis (CDA) method'

P SC Data
- SC Data
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Signal processing
Using different sensors

Empatica sensor was used for the
first 40 participants; failure rate 38%
(Shimmer failure rate was 14%)

Failure reasons:

- 10% of participants are estimated
to be non-responders (hypo-
responsive)

- Dry skin type

- Loose electrode connection

- Alcohol/drug/cigarette
consumption before the
experiment

- The sensor is not sensitive
enough
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Signal processing
Raw data: Shimmer sensor

Peaks can be observed throughout
the whole signal and at different
stages of the experiment.
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Normal signal (decomposed)

ssunsnes Decomposition Fit

Signal processing
Raw data: Shimmer sensor

Peaks can be observed throughout
the whole signal and at different
stages of the experiment.
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Pre-processing
1. Artefact correction

Raw skin conductance signal during the baseline

|dentifying artefacts by visual

4.2 O Arousal inspection and correcting them
manuall
O Artefact y
4.1
Artefacts have sharp slopes and
o 4.0 sharp angles on the peak
=
) Artefact reasons:
Q 3.9
© - Hand movement
S 3.8 - Wearing and taking off the head-
3 3
S mounted display
&)
c 3.7 - Movement of electrodes on the
CA/‘) wrist
3.6
3.5
34 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180 - 71 )
. ) 1]
Time [s] %)



Skin conductance [uS]
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Pre-processing
2. Smoothing

Raw skin conductance signal during the baseline

Raw skin conductance signal has a
lot of shakes which might be
identified as small arousals

Smoothing is critical when number
of SCRs (nSCR) is used as a

performance measure

Data collection frequency = 16Hz

1 1 1 1 1 1 1 1

20
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Pre-processing
2. Smoothing

Not smoothed signal

Skin conductance [uS]

w
o

w
~

Not smoothing will result in:
SCR amplitude ,
- Too many small SCR’s
0.01 <SCR<0.03
) - SCR’s are not strong enough
0.03 < SCR < 0.07
e 0.07<SCR<0.10 This can result in erroneous
e SCR>0.10 conclusions of the effect of different
treatments
SCR threshold = 0.01
Long and non-stationary signal —
4 Gaussian filter
Small SCRs got removed or,
they turned into bigger SCRs
[
80 100 120 140 160 180 -

Time [s]



Skin conductance [uS]
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Smoothing window = 48

SCR amplitude

0.01=SCR<0.03
0.03=<SCR <0.07

® 0.07=SCR<0.10

e SCR20.10

20

40

60 80 100 120 140
Time [s]

160

180

Pre-processing
2. Smoothing

Not smoothing will result in:
- Too many small SCR’s
- SCR’s are not strong enough

This can result in erroneous
conclusions of the effect of different
treatments

SCR threshold = 0.01

Long and non-stationary signal —
Gaussian filter

Small SCRs got removed or,
they turned into bigger SCRs



Effect of smoothing window size on the measurements

Measurement No Gauss Gauss Gauss Gauss
smoothing w =16 w = 32 w =48 w = 64
nSCR ) 1363 1015 786 611 519
(change %) (-25.5) (-42.3) (-55.2) (-61.9)
Marginal change % -16.8 -12.9 -6.7
SCR mean 0.15 0.18 0.21 0.25 0.27
(change %) (20.0) (40.0) (66.7) (80.0)
Marginal change %" 20.0 26.7 13.3

* Change rows indicate the amount of variation in the measurements due to the window size,

compared to the not smoothed data.

T Marginal change rows show the amount of change compared to the previous status of the data

which is presented in the column on the left.

Pre-processing
2. Smoothing

Sensitivity analysis for the window
size of the Gauss method

Increasing the window size from 16
to 32, 48, and 64 to observe the
changes incrementally

Visual inspection of the results
revealed that a window size of 48
performed better in identifying SCRs

Absolute changes and marginal
changes also shows how window
size 48 outperformed the rest



Number of detected SCRs

Post-processing
1. SCR threshold

Histogram of detected SCRs for all participants at all stages of the experiment

Usually SCRs greater than 0.01 uS
are reported

7000
The maijority of detected SCRs fell

6000
between 0.01 uS and 0.05 pS

5000 F
Due to the dynamic nature of the

experiment that involved physical
activity and body movements, the
3000 + 0.03 uS was selected as the
threshold for statistical analysis,
2000 + which is also the recommended
threshold by Braithwaite et al.
(2013)1

4000

1000

ok ‘llllu.m... --------------- Visual inspection of the detected

00 05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 SCRs also verified this threshold
SCR amplitude [pS]




Post-processing
2. Variance reduction

Standardised SCRs .
Transformation of measurements

SCR;, — SCR; due to inter-individual variations
Zik = . in nSCR and response range':
l
z;, = kth SCR standardised value for individual i, - Standardize SCRs

SCR;;, = kth raw SCR score for individual i,
SCR; = mean of all SCRs for individual i, and

. - Transform normally distributed z
s; = standard deviation of all SCRs.

scores to T scores (M =50, SD =
10) to drop out the minus signs
T transformation

Tik =50 + 10 Zik

T;, = kth SCR T score for individual i, and
z;, = kth SCR standardised value for individual i.
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T score (of SCR amplitude [uS])
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Results
Aggregate level

The location of the Identified SCRs
for 89 participants (T scores)

Figure shows only the top one
percentile T scores for better
clarity.

These SCRs can be due to different

stimulus;

- Presence of pedestrians, vehicles,
etc. next to the bicyclist in VR,

- Stress of crossing an intersection,

- Excitement of being immersed in
a new scene or passing the finish
line, and

- Other non-specific SCRs due to
unknown stimuli.




High
arousal

Low
arousal
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Physiological Sensor
Aggregate level

Mean SCR amplitudes of 89
participants for each segment were
calculated.

Higher arousals were detected
before the intersection.

Considering the habituation effect,
segment 1 might best represent the
net effect of a bicycling
environment on the arousal level of
the bicyclists.

Considering segment 1, painted
bicycle path on the road and
segregated bicycle path were
found to be the least stressful
environments while sidewalk
bicycling found to be the most
stressful one. AN
[ 19))
\\ f/"'.//.;]«"
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Regression results (mixed effects model) for

T scores of detected SCRs in different segments

Coefficients SCR T score

Estimate  t-value Sign.
Intercept 48.98 171.81 hkok
Segment
Start 0.98 2.56 *
Segment 1 (reference) — _ _
Before intersection 4.78 11.50 hkk
Intersection 2.52 5.23 sk ok
Segment 2 1.33 3.84 otk
End 1.78 3.28 koK
Adjusted rho-square 0.008

Sign. codes: 0 “**** (0.001 “*** 0.01 “**0.05 ‘> 0.1 *’ 1

Physiological Sensor
Comparison of mean SCRs

Environment-level analysis did
not show any significant differences
in T scores between different
bicycling environments.

Segment-based analysis showed
that the segment before
intersection had been the most
stressful segment.

34
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Summary & conclusions

At the intersection of
transportation engineering
and psychophysiology,
this study explored whether
bicyclists’ stress level can
be captured from their
physiological responses by
means of the passively
recorded EDA of the
participants.

This research also
investigated the
opportunities and
challenges associated with
the application of EDA
sensors in mobile settings.

EDA sensors provide new
insights on the participants’
emotional arousal, in
addition to the self-reported
results, at a higher level of
granularity.

EDA sensors obtain real-time
measurements at the order of
seconds.

EDA measurement can be
employed to avoid the
cognitive biases inherent to
self-reports.

EDA measurements can be
combined with other data
sources to consolidate
results.

Data collection, cleaning,
and processing requires
many steps and requires
(sometimes arbitrary)
choices.

Transparency: These steps
should be mentioned and the
impact on results should be
evaluated.

Pre-processing
1. Artefact correction
2. Smoothing

Post-processing
1. SCR threshold
2. Variance reduction

Panel data & SCR T scores

Looking into other EDA
metrics such as integrated

SCR, which accounts for the
duration of SCR

Incorporating the
physiological responses of
the participants to model their
choice behaviour

\\\\\\\\\\\
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