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IEQ Effects onl Productivity

® Scattered studies that maostly shew: evidence: of
ain asseciation between Aol envirenment
conditions and seme measure ofi perfornance.

® Research issues:

— [Laberatery vs. field studies

— Singlevs. multiple contaminants/conditions
— Sunveys vVs. Interventions

— Shoeri-term vs. longer-term

— Single exposure vs. multiple exposure

— Jime-lageed efiects

— Acute Vvs. chnonic health effiects



IEQ Effects on Productivity

System Envirenmental Preductivity Impact
experience
[Heating, TThermal comiort Perfermance decreases when teo cold

\entilating and
Al Conditioning
System

Indoor Al Quality,
Backgroeund noise

Mechanical
vibration

Personal
control/stress

Performance decreases Wihen teo hot
Perfermance decreases inpoelluted: air
Performance decreases When toe neisy.

Performance decreases When
PEersen/equipment vibrates

Performance decreases with no: control
(perceived or real)




IEQ Effects

on Productivity

System

Environmental
experience

Preductivity Impact

Lighting System

lllumination level/
distribution

Glare

Ambient/task
SIS

Color:

Room ambience
(shadews)

Personal
control/stress

Performance decreases when too dimi or
tee bright

Performance decreases when tee glaring

Jlask demands and user age change light
requirements

Affective changes in envirenmental
desirability

Disrupts visual Inspection/ interpersonal
Interactions

Performance decreases with no' control
(perceivedi or real)




IEQ Effects on Productivity

System Envirenmental Preductivity Impact
experience

Seund Background noise Perfermance decreases, with loud/annoying

conditioning Speech neise

system/ privacy/intelligibility Performance decreases with: peoer privacy

Acoustic design Noise stress Performance decreases with noise stress
Persenal Performance decreases with ne control
control/stress (perceived or real)




IEQ facters and Human Perfermance

Lighting
- Bt Sound
- Dim ;
Temperature _ Glare - Noise
- Hot - Disturbance
- Cold H
» Productivity |
Indoor Air Quality | Vibration
- Acute - Segmental
- Chronic Personal - Whole-body

Control




Optimal |IEQ Conditions

Too cold Thermal conditions

Too hot

\

Acoustic conditions Too loud
Lighting conditions

Indoor air quality
Too polluted

; Too vibrating

(Source: Stanton, Hedge et al. (2004) Handbook of Human Factors and Ergonomics, CRC Press)

Vibration

i/
il




Preductivity’— Individual Woerk Perfermance

9! Productivity research traditionally hasifocused at the
coarse, aggregate level ofi the buillding and the
occupants.

® Aggregate measures cannot define precise.
associations between IEQ conditions and individual
pProductivity.

® [aberatory studies have Investigated performance and
ExposUre te specific pellutants and mixtures, put
EXPOSUres are short-term, nen-cumulative and use
Simulated wWork tasks

®) Research neediis to focus onithe performance of the
Individualland the envirenment experienced by that the
Individuial

® [ndividuall measures:

— Self-reports
— Jlask Performance (time, accuracy, quantity, quality)



IEQ and Productivity: Research

® New Research Appreach — Comhining spatie-
temporal IEQ and Preductivity Datasets

— |EQ measure needs o include air temperature andl relative
AUmMIdity because thermal conditiens are knewn e
Influence work performance, and conseguently could
coniound any assoclations with air pellutants.

— Most HVAC systems are designed to regulate thermal
conditiens, andl IHVAC systems respond to thermaoestat
controls.

— Thermal conditions impact levels of VOCSs and other
pollutants

— Jhermal conditiens are an indicater of ventilation quality.

High temperatures can indicate poor ventilation whichiin
turn cani indicate high pollutant leads.



IEQ Data l.egging

® |[EQ/I6@ging Units that can be:
— Widely dispersed throughout a bullding
— Small size
— Sllent operation
— Seli-pewered
— “Inexpensive”
— Ereguent logging/data sterage: capanilities
— |deally, work computer synchronized

— |deally, cellect data en a wide array of |[EQ
variahles.




Average Daily femperature: Patterm

Insurance company: (Elorida)
9 woerkstations for 16 Woerk days
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— 19:45:00.00
— 19:15:00.00
— 18:45:00.00
— 18:15:00.00
— 17:45:00.00
— 17:15:00.00
— 16:45:00.00
— 16:15:00.00
— 15:45:00.00
— 15:15:00.00
— 14:45:00.00
— 14:15:00.00
— 13:45:00.00 .
— 13:15:00.00
— 12:45:00.00
— 12:15:00.00
— 11:45:00.00
— 11:15:00.00
— 10:45:00.00
— 10:15:00.00
— 9:45:00.00
— 9:15:00.00
—8:45:00.00
— 8:15:00.00
— 7:00:00.00




Electronic Productivity: Measures

® Keystiokes/ermoers/meuse activity.

® Ulilize existing networked data coellection| software
(EMS)

® [Data file — every Work minute: the software records; a
count of:
— Correct keystrokes
— Erers
— Mouse activity
— lLengitudinal’data (e.g. eveny 15 minutes for 16 days)



Electronic Productivity: Mieasures

Example of data structure (does net show
elfiers column)

- ErgoAnalyzer Report Editar : e l=I E
[ Detailed Analysis | Summary Analysis |  Group Analysis | Additional Analysis |  Finished Report

Magnilude
Log Fie Detail fon Monday, Novembe 2000 - Mirute: by Minute Heport
Prrked Swuday, Jure 17, 2000, Usss KATHY ABRAMS of 4BC Compary, Inc

ey Key Eey Wase Pl nine L
Aleat Wark Rest Actaty Alert ok A
Time Feystrokes  Level Minules Minutes Seconds  Level Mirwtes

300 &M - - 18
%01 AM . . 18
302 &M - - 18
303 AM . . 18
304 AM - - 18
305 AM . . 18
306 AM 3 - 18
F07 AM 3 . 19
508 AM - - 20
F09 AM 3= : 20

AN B el B =

=)




Average Daily Keying Pattermn

Insurance company: (Elorida)

9 woerkstations for 16 Woerk days
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19:45:00.00
19:15:00.00
18:45:00.00
18:15:00.00
17:45:00.00
17:15:00.00
16:45:00.00
16:15:00.00
15:45:00.00
15:15:00.00
14:45:00.00
14:15:00.00
13:45:00.00 .
13:15:00.00
12:45:00.00
12:15:00.00
11:45:00.00
11:15:00.00
10:45:00.00
10:15:00.00
9:45:00.00
9:15:00.00
8:45:00.00
8:15:00.00
7:00:00.00




Average Daily: Moeusing Pattern

Insurance company: (Elorida)
9 woerkstations for 16 Woerk days
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Average Daily’ Ermoer Patterm

Insurance company: (Elorida)

9 woerkstations for 16 Woerk days
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18:15:00.00
17:45:00.00
17:15:00.00
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16:15:00.00
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15:15:00.00
14:45:00.00
14:15:00.00
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11:15:00.00
10:45:00.00
10:15:00.00
9:45:00.00
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8:15:00.00
7:00:00.00




Keystrokes and Mousing

Insurance company: (Elorida)
9 woerkstations for 16 Woerk days
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200
Mouse seconds per 15 minutes




Humidity’ and Keystrokes

Insurance company: (Elorida)
9 woerkstations for 16 Woerk days
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Light and Keystrokes

Insurance company: (Elorida)
9 woerkstations for 16 Woerk days
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lemperature and Keystrekes

Insurance company: (Elorida)
9 woerkstations for 16 Woerk days
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lemperature and Emoers

Insurance company: (Elorida)
9 woerkstations for 16 Woerk days
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Mouse Seconds

Dependent Variable: Mouse Seconds

95% Confidence Interval
Std. Lower Upper
Parameter Error Sig. Bound Bound

Intercept 176.333 : 169.461 183.206
Temperature? (nTa°C) 5.325 : .814 9.836

RH2 (nRH) 207 | . . -.405 -.009

Mouse seconds=176.33 + 5.33(nTa) ¢ - .21(nRH)?

Note: Environment variables normalized



Keystrokes

Dependent Variable: Keystrokes

Std.
Parameter Error

Intercept 204.522
Light (nL) 2.446
Temperature (nTa°C) 33.087
19.306

Temperature?

5% Confldence Interval

Lower Upper
Bound Bound

215.131
3.128
43.761
27.879

193.913
1.764
22.413
10.732

Keystrokes=204.52 + 2.45(nL)+ 33.09(nTa) + 19.31(nTa)?

Note: Environment variables normalized



o Keys

Dependent Variable: Error Keys

5% onfldence Interval
Std. Lower Upper
Parameter Error Bound Bound

Intercept

Temperature (nTa°C)
RH (nRH)
Light (nL)

Temperature?
RH2

Errors=48.58 — 3.69(nTa)+.53 (nRH)+.72 (nL) + 2.02 (nTa) - .08 (RH)?

Note: Environment variables normalized



Temperature and Perfermance

N

Percent

_

206 21.0 213 217 221 225 229 232 236 240 244 248

Air Temperature (deg.C)



lemperature and Cost

Assumptions:

Employee earns Estimated Keying Error Costs per Hour
$16 PEr hour (assuming $16/hr wage)

Keying time =
900-mouse time
seconds

Total keys =
COrrect + error
keys

Cost/key = keying
time/total keys
Error costs = error
keys X COSIS per

Y 206 210 213 217 221 225 229 232 236 240 244 248
Hourly costs = 4'X Air Temperature (deg. C)
Error costs
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Research Conclusions

® Results shew! clear assoclations between effice Work
pPeriormance and Indeor environment conditions

® Results suggest that performance Impreves as
conditions appreach a predicted thermal cemiort zene

® Raising temperature frem 20°C te 25°C:
— Reduces energy consumption (less cooeling)
— Reduces costs
— Reduces errers by 44%
— |acreases keying eutput by 150%
— Saves ~$2.00 per worker in lost productivity

® With eptimization| of ether envirenmental conditions the
COSt savings willfloe even greater!



Research Conclusions

® Siudy confirms the utlity of this new: metrc for
assessing the perfermance and financial Impacts, of
IEQ changes.

® Assoclations between changes In SPEeCIfic Ao,
envirenmental vamnanles and consequent
pProductivity’ changes can noew: e Investigated.

® [he impact of IEQ changes (e.g. diiferent ighting,
different HVAC systems) on productivity’ can new: be
lested.

® [he Impact of any ergenemic changes (e.g. new
chairs, new Workstations, keynoand tiays) on
proeductivity: can now: be tested.

® Data for [EQ standards that can lincorporate
pProductivity Impacts; can new: be gatneread.



Questions
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