
Steve Snow- AIC

Data Science Lecture Series

JOINING THE DOTS 
Connecting the social determinants and 
physiological effects of air quality in offices



MAP OF THIS TALK

What are the physiological 
effects of a poor indoor 
environment?

What human factors cause 
poor indoor environment 
quality in naturally 
ventilated buildings?

How can technology 
assist people in 
improving their work 
environment?



▪ Research Fellow-
REFRESH Project

WHO IS THIS…?

Environmental Consultant, Energy Auditor, 
Salesman

PhD- “Beyond energy savings: How design can extend 
the relevance of eco-feedback to users in the home”

▪ Research Fellow-
REFRESH Project





m.c. schraefel (PI)

Darshana Thomas

Amy Boyson

Karlien Paas

Obaid Malik

Mike Oakley 

Dwaipayan Biswas

Shre Chatterjee

Louise Coutts

Janet Barlow (PI)

Hannah Gough

Christos Hallios

Cath Noakes (PI)

Marco-Felipe King



MISSION AND GOALS

Mission

Human centered approaches to performance design

Goals

To understand how dynamics of air quality affect performance 

In order to understand opportunities for interactive technologies that help users to realise a 
healthier work environment



What are the physiological 
effects of a poor indoor 
environment?

What human factors cause 
poor indoor environment 
quality in naturally 
ventilated buildings?

How can technology 
assist people in 
improving their work 
environment?



Poor ventilation >> High CO2

= Lower cognitive performance 
= Higher absenteeism
= Minor health symptoms

40% UK schools = Av CO2 above building guidelines

Cognitive decline precedes awareness
of poor air quality

INDOOR AIR QUALITY FACTS What human factors cause 
poor indoor environment 
quality in naturally 
ventilated buildings?



75% UK building stock built pre-1980

Source: https://www.designingbuildings.co.uk/wiki/English_housing_stock_age

INDOOR AIR QUALITY FACTS What human factors cause 
poor indoor environment 
quality in naturally 
ventilated buildings?



Building-related factors
Window type
Window position
Room size, shape
Vents/fans

Human-related factors
Occupancy
Acclimatisation to a room
Individual factors (sensitivity to heat/cold)

Social factors???

What human factors cause 
poor indoor environment 
quality in naturally 
ventilated buildings?



STUDY 1

How do social factors impact upon indoor air quality in 
naturally ventilated buildings?



n = 23

Naturally ventilated offices

Semi-structured interviews
Window + radiator operations
Habits
Preferences 
Workplace norms

STUDY 1 What human factors cause 
poor indoor environment 
quality in naturally 
ventilated buildings?



“I wear contact lenses, so if I have the fan 
on directly in my face, then it dries them 
[my eyes] out. I do struggle with that, but 
I tend to keep quiet in the summer because 
I know how bad it is in there” 

“Usually someone else deals with the 
windows… I don't really touch the window 
sill because there's plants on there and 
they're not my plants. So I sort of stay away 
from the window”

“I think people will sort of, before they 
give their own opinions, will look at 
everybody else first and then they’ll go 
along with the consensus”

“So what we have to do is if it is extremely 
freezing at my end, I have to send an email 
to the group's secretary and she will send an 
email to the security and the Estates and 
Facilities. And they will open it up, but 
there is a delay”

What human factors cause 
poor indoor environment 
quality in naturally 
ventilated buildings?



Snow, S., Soska, A., Chatterjee, S., and schraefel, m.c., (2016) Keep calm and 
carry on: The social determinants of indoor environment quality. CHI 
Extended Abstracts, CHI 2016, San Jose, US, 2016
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What are the effects of a 
poor indoor environment?

EXISTING LITERATURE CO2 VS PERFORMANCE



KNOWLEDGE GAPS

1. At what level of CO2 is 
performance affected?

Originally, CO2 assumed to be an 
indicator for other pollutants which 
cause cognitive decline

Does pure CO2 also cause cognitive 
decline in its own right? 

2. Previous studies = point in time.

How quickly does cognitive 
performance decline during 
exposure to high CO2?

How quickly is it restored when 
conditions improve?

What are the effects of a 
poor indoor environment?



STUDY 2

How does high CO2 impact human physiology?

Source: www.proprofs.com/quiz-school/topic/physiology



MOTIVATIONS

1. Can EEG provide insight into temporal 
dimensions of cognitive performance?

2. How does performance vary with time?

3. How to brain effects map to other 
physiological effects of elevated indoors 
CO2?

What are the effects of a 
poor indoor environment?



STUDY PROTOCOL

EEG
Heart rate
Respiration rate
Skin temp

Participants

▪ 29 Non-controls (pure CO2 added)  

▪ 18 Controls (no added CO2)

What are the effects of a 
poor indoor environment?



What are the effects of a 
poor indoor environment?



What are the effects of a 
poor indoor environment?



FINDINGS

Significant values (p = 0.05) for:
↑ Irritated eyes 

↑ Mental fatigue

↓ Happy

↑“I feel there is insufficient ventilation”

↑“I feel the air is stuffy”

↑ Sleepiness

Positive negative affect schedule (PANAS)
↓ Alert

↓ Inspired

↓ Determined

↓ Attentive

↓ Active

Wilcoxen Signed Rank, 
non-control participants
High CO2 vs Baseline

What are the effects of a 
poor indoor environment?



FINDINGS

Normalised heart rate Normalised respiration rate

Kruskal-Wallis between control and non-control groups shows there is a significant difference and 
also between experimental segments for all physiological variables

What are the effects of a 
poor indoor environment?



Respiration rate vs CO2 concentration

Respiration rate was found to drop as the participants relax into the environment until this 
effect peaks out mid-way through the experiment. Respiration then becomes mildly 
positively correlated to CO2 increases and peaks for the non-controls during the High CO2
period. This correlation then diminishes as the room is ventilated, where ultimately the 
correlation disappears (LOESS regression used to form a time-dependent trend).

FINDINGS What are the effects of a 
poor indoor environment?



EEG PROCESSING

Record data
• ENOBIO 20 dry electrode system

Clean the data
• Filtering – remove very slow (<0.15 Hz) and fast frequencies (>45 Hz)
• Artefact rejection

• Based on 10 second minimum variance
• ±100 uV threshold cut off with 10 second moving median correction

Frequency decomposition
• Determine bandpower in the following frequencies

• Delta – 0.15-3 Hz
• Theta – 4-7 Hz
• Alpha – 8-13 Hz
• Beta – 14-35 Hz
• Gamma – 36-44 Hz

What are the effects of a 
poor indoor environment?
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Proof of concept using EEG as a physiological indicator of the temporal effects of CO2 
on alertness/drowsiness/cognition

2,500ppm of pure CO2 appears to retain alertness compared to normal levels

Slow onset increase in respiration and heart rate, dropping post-ventilation

FINDINGS What are the effects of a 
poor indoor environment?
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Cognitive decline can 
precede awareness of 
poor indoor air quality

Office workers have no 
reference for air quality

MOTIVATION

Social factors can 
influence air quality

How can technology 
assist people in 
improving their work 
environment?



STUDY 3

The Aether



How can technology assist 
people in improving their 
work environment?



How can technology assist 
people in improving their 
work environment?



Sources: 
https://www.flickr.com/photos/interactiveinsti
tute/4748587900, 
https://www.amazon.co.uk/Wattson-01-
Personal-Energy-Monitor/dp/B00154KHW6, 
http://eco-publicart.org/nuage-vert-green-
cloud/ 

Power Aware Cord

Wattson

Nuage Vert

INSPIRATION How can technology assist 
people in improving their 
work environment?



Sources:
Wargocki, P., & Da Silva, N. A. F. (2015). Use of 
visual CO2 feedback as a retrofit solution for 
improving classroom air quality. Indoor 
air, 25(1), 105-114.

INSPIRATION How can technology assist 
people in improving their 
work environment?

Danish classroom 
CO2 feedback



THE AETHER How can technology assist 
people in improving their 
work environment?



Adapted from: ISO 13407 0 Human Centred Design Processes &  Steve Benford: http://slideplayer.com/slide/4838332/

How can technology assist 
people in improving their 
work environment?

THE HUMAN CENTERED DESIGN CYCLE



THE AETHER- A TECHNOLOGY PROBE

Technology Probe

“…three interdisciplinary goals: the social science goal of understanding the needs and desires of 
users in a real world setting, the engineering goal of field testing the technology and the design 
goal of inspiring users and researchers to think about new technologies” (Hutchinson 2003)

How can technology assist 
people in improving their 
work environment?



DEPLOYMENTS

Office type No.
occupa
nts

Deployment
duration

Participant

1 Research office in
hospital grounds

3 7 weeks
(including
Christmas
break)

P1 and P2

2 Single-occupant
office- university
academic

1 4 weeks P3

3 Single-occupant-
university academic

1 4 weeks P4

4 Accounting firm 4-5 2.5 weeks P5 and P6

5 Motorcycle supplier
distribution office

6 3 weeks P7

8 Architecture firm 5-6 3 weeks Surveys 1-5
7 Single-occupant-

university professor
1 2.5 weeks Survey 6

8 Office adjoining an
engineering and
fabrication
workshop

5 2 weeks P8

How can technology assist 
people in improving their 
work environment?



FINDINGS

Re-assurance
“Sometimes I would turn around
and be ‘ok, yes it is still green so
that is ok’.” (P3) “If it’s green, it’s
like [it is saying]: ‘it’s alright mate,
I’ll keep an eye on it, don’t worry
about it mate’”

Informing behaviour

“I’ve never been aware of that [CO2], until I started
seeing that and I thought maybe I should open a
window… When it went into orange wave, I opened
the window. Especially if I had to leave the room,
sometimes I would leave the window open when I’m
not here so that it went probably to the outdoor level.
Especially as sometimes they have tanks out there and
it is really noisy”

Personal reflection

“When there was 4-5 people you notice it would
shoot up quickly. The times that it was 1300,
1400 and 1500[ppm]. That was the times when
I felt tired…. My perception was that it did
make a difference, when it was low I felt
generally more alert than when it was high, but
it is entirely possible that it was a psychological
effect”

Support

“I would appreciate a device that provides me with [this]
information if I was in a bigger office like in an open plan place, or
with people who I had not been sharing an office with for a long
time… It can support me in saying ‘we should probably open a
window or do something different’.... like ‘guys this situation is a bit
dire we are in the red all the time’”

How can technology assist 
people in improving their 
work environment?



IMPLICATIONS FOR DESIGN

Barriers to use of the device must be low

Calibration is critical- users have no reference for CO2

Glance-ability preferred over persuasive technology

Unobtrusive companionship = key to longer term acceptance

How can technology assist 
people in improving their 
work environment?
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ARE WE THERE YET?



FUTURE WORK: NEXT STEPS

What are the next studies?



Start with the user and work backwards to the technology

CONTEXTUAL ENQUIRY IS FOR EVERYONE



Adapted from: ISO 13407 0 Human Centred Design Processes &  Steve Benford: http://slideplayer.com/slide/4838332/

STUDY 3

THE HUMAN CENTERED DESIGN CYCLE

STUDY 1

THE AETHER



Talk about air quality in your office 

Be that person who opens a window during a lecture

Sign up with us to get a custom build Aether in your work place

WHAT CAN I DO MYSELF?



Thanks 

S.SNOW@SOTON.AC.UK
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