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Emotional Responses to Environment

Russell, J. A., & Snodgrass, J. (1987). Emotion and the environment Handbook of environmental psychology (Vol. 1, pp. 245-281).
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Lang, P. J. (1995). The emotion probe. Studies of motivation and attention. Am Psychol, 50(5), 372-385.



Biosensory Affective Computing during Walking

Informative?

* Are portable bio-sensory techniques and in-situ walking measures good
enough to capture environmental perception?

Reliable?
* Is bio-sensory data able to capture specific visual stressors or interest
points?

« Were these results triangulated with narratives provided by participants?

« Did bio-sensory data reveal consistent spatial patterns across runs/
individuals?



Biosensor Measurement

* ProComp Infiniti System & BioGraph * Garmin eTrex 20 GPS

[1]1 ECG, 3 sensors measured on wrists [2] EEG [3] Facial EMG, 3 sensors at forehead

[4] Skin Conductance & Temperture [5] Respiration, measured at abdomen [6] Amplifier box



On-Site Data Collection

* 4 participants (male and female)

« Each participant took 3 consecutive walks (with breaks),

fully equipped
* 9 out of 12 walks could be used for further analysis

« Each participant was interviewed about his/her personal

experience, feelings, events, descriptions, visual aesthetics

Obstacles in Data Collection:

» Technical equipment under outdoor conditions

+ Limitations on practicability and measurements



Site Info



Affective Mapping Analysis



Desigh Recommendations
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Experiment Design

In situ multi-sensory exposure (20 minutes)
Between-subject design

Restorative Nonrestorative
Man-made nature Urban environment
Campus garden Elevated highway

n=16 n=16



Condition
Restorative Nonrestorative

Acoustic intensity Temperature Wind Speed R. Humidity

Restorative Nonrestorative Restorative Nonrestorative Restorative Nonrestorative Restorative Nonrestorative



EEG(Electroencephalograph)
Data Collection

* EEG data were collected using Emotiv
(14 channels, 128 samples per second).

c -] e 3 ] " i £ L w ~ [ » (-] = s T u v w x ¥ z A% Az A A2 Ar A Az An A

3 - amgheg latdaCO cham-38  umilomolv
2 o 333832 1Z2.0% 333108 3324 31233 3ao108 7.69 208 323833 33ea1 acedn o 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
s ° 4223.08 301179 333321 a22s 3273.33 333272 33339 313337 326733 I30e.e7 31042 o 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
3 se ° 333133 301887 33T1ET I1I13@ 313333 SIIAT IIII0T 3IIP AP AT AmrAET o 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
s 37 ° 38 301038 333138 32IIIT IIITE3 ITILIOX AIITIT I239.74 323123 s:rsac o 3 3 El 3 3 3 3 3 3 3 3 3 3 3 3 3
e 33 ° 3I09.33 2337.33 333031 323108 37038 srsias 3T 333431 azesaz 307 o 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
7 33 o 23 301038 333313 3I3TIT SII0TT AIITLTI AIPIIe A1 I3 Ije1z8 S:17.3% o 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
z a0 ° 3337.33 173 3021.0% 3337.3% 311339 3zdser 3139.33 izeee7 d313el o 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
3 a1 ° 331238 3im133 3142 333373 4200 3231.23 4310.77 o 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
a2 ° 331 333732 a333ze a3asa 321077 3330 333237 o 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
3z o aosser 1 333722 332271 asivae 322333 333831 330933 o 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
33 o aoases 333173 3380 333zes a3a7 232 328333 asiase o 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
3z o 304103 3a1zoT 333337 313173 azenze 3307.83 3133.33 3Isisss o 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
e o domzae 3azzae a3z 34236.31 336031 333308 330923 3213333 327138 3327 ° 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
a7 o ace1D3  333an 333337 333431 3333 3X 333103 331038 31343 327038 sle o 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
sz o 302173 3azzaz 33333 3237.83 33333 331077 I390.77 323208 313837 amie o 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
a3 ° 2e 3330 33323 3237.83 szesel 313832 azes a2z o 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
s0 ° 33 333zl 33e0 azz0s1 a3az2 a2 az:2 o 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
E2) ° ae 3iezs3 3ses.es asss 38208 am1a ° 3 3 El 3 3 3 3 3 3 3 3 3 3 3 3 3
20 =2 ° se simzes 4333.33 as33.33 313077 asce o 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
1 ss ° 2z 33z3ze 331382 aza0 313z a8 am02 o 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
23 o aoszoz 3317.33 30081 33azes 333101 a337.33 a33zoe amoraz o 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
ss o aorz.ae 323333 s3e3.2: 3133.33 3zazes 323333 3z3zsg o 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
se o ic?s.3% 3137.33 a0szar aizaen 322372 asss3z 331232 aser.es o 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
? ° 333238 302108 33830% 323337 313382 sde a1z7.29 3230 ° 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
sz ° 333732 031133 332121 323371 srzeses 330923 32333 330973 ° 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

)0 00 000060606060G00G0G0O0GGOG0GOOOGO 0o



. . Chang (alpha at front, back,
Attention/Fatigue and EEG Power left, right of forehead)

Increasing alpha activities, especially at
frontal lobes, is usually used as an
indicator of restoration in
environmental psychology.

Ulrich (averaged alpha at C3,P3, C4,P4)

Chiang (alphaat FP 1)

Ulrich, R. S. (1981). Natural versus urban scenes some psychophysiological effects. Environment and behavior, 13(5), 523-556.

Chang, C.-Y., & Chen, P-K. (2005). Human response to window views and indoor plants in the workplace. HortScience, 40(5), 1354-1359.
Chiang, Y.-C., Li, D., & Jane, H.-A. (2017). Wild or tended nature? The effects of landscape location and vegetation density on physiological and
psychological responses. Landscape and Urban Planning, 167, 72-83. doi: http://dx.doi.org/10.1016/j.landurbplan.2017.06.001



EEG Analysis

Pre-Processing

Remove artifact

»

Imagine recording our on-going
conversations from hallway

Remove noise like people
walking, door open/closed...

Fast Fourier Transformation

Raw EEG

Time domain Frequency domain 1/f**® analysis  oscillation

Separate different speakers,
e.g. Speaker A contributes 40%

of this conversation

Functional Connectivity Network

Time-domain Correlation

a

equency-domain Correlation »
Delta, theta, alpha, beta
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Understand who is talking to
whom




EEG Power Spectral Analysis

Occipital Lobes (01, 02) during eye-open and eye-close before a nature exposure

Slopes: 1/f® Statistics B “noise”
“Bumps”: Oscillation in alpha, beta...

Open rest
Close rest
Open regression line
Close regression line



Alpha and Theta Power Brain Maps



Brain Functional
Connectivity Network

Functional connectivity analysis

Rubinov, M., & Sporns, O. (2010). Complex network measures of brain connectivity: uses and interpretations. Neuroimage, 52(3), 1059-1069.



Brain Functional Connectivity Network
Network Analysis

An efficient network usually reveals characteristics of a small-world network

higher functional integration + higher functional segregation
smaller average shortest path length (L,,..) larger clustering coefficient (C,,,c4n)

We used the index C,,c.n/Lmean t0 describe brain connectivity efficiency

Rubinov, M., & Sporns, O. (2010). Complex network measures of brain connectivity: uses and interpretations. Neuroimage, 52(3), 1059-1069.



Restorativeness and Functional Connectivity Efficiency

Research on meditation
indicates that restorativeness
during meditation is associated
with functional connectivity
and network characteristics.

psychology.

Cahn, B. R., & Polich, J. (2006). Meditation states and traits: EEG, ERP, and neuroimaging studies. Psychological Bulletin, 132(2), 180
Xue, S.-W., Tang, Y.-Y,, Tang, R., & Posner, M. |. (2014). Short-term meditation induces changes in brain resting EEG theta networks. Brain and
cognition, 87, 1-6.



Better brain functional connectivity

Higher EEG Correlation
The EEG correlations revealed the information flow within brain.
When the EEG correlations are higher, the more shared information that different brains are “talking”
about.
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POSSIBLITIES WITH WEARABLE BIOSENSORS
Mary Czerwinski, Microsoft Research 2015

BioCrystal: An Ambient Tool for
Emotion and Communication
2015

Biofeedback helps with the self-awareness, stress-management
and interpersonal communication. BioCrystal uses physiological
data to evaluate user’s affective states in real-time and signals
the states via an ambient display.

RmNIITEL E 5.

SWARM: An Actuated Wearable for
Mediating Affect
2015

A wearable device is introduced to aid in interpreting and/or enhancing one’s
personal emotions and alerting the wearer of others’ emotions; People with
vision or hearing impairments may not receive important visual or verbal cues of
others’ emotions. Thus, universal design (making the device inherently
accessible)was central to the project.
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Exploring HCI interventions for special needs

Students and | explored possibilities using HCI devices with simple sensors to turn boring Alzheimer-preventing cognitive
training into enjoyable interactive games.
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