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GEO Mission
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Promote sustainable economic development in Colorado through advancing the 

state's energy market and industry to create jobs, increase energy security, 

lower long-term consumer costs, and protect our environment.

Promote the adoption of high performance building practices across Colorado 

to enhance the built environment, utilize resources wisely, and provide superior 

spaces for living, working and playing.

GEO High Performance Building Program



Teaching to Fish
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• Legislation

• Access to Information

• Advance the New Energy Economy

• Establish Colorado as a leader

• Build a knowledgeable workforce 
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Impact of Buildings



Program Services
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Training & Education

• Webinars

• Workshops

• Tools

• Case Studies

Partner Program Technical Assistance

• Set high performance design goals

• Identify funding sources

• Champion Energy Efficiency

• Review Plans and Models

• Comply with State Requirements



GEO Partner Process
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Services are ramping down. Projects only accepted as funding is available. 

Apply now!



• Flex Energy: plan for shifts in energy usage and delivery

• Case Studies: 11 High Performance schools, libraries, museums, and more

• Building Owner’s Manual: a guide to high performance building

• One pagers, concept overviews, and best practices

• RFP/RFQ Templates: outline for selecting qualified team members

• Contractor’s Toolkit: an entire suite of tools for the jobsite

• Available FREE online at http://tiny.cc/h7lgc

High Performance Tools and Resources now available:
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http://www.rechargecolorado.com/

• PDFs: http://tiny.cc/u2n722g0bk

http://vimeo.com/channels/geohpbp

• Recorded webinars:

• LEED CEUs available for viewing 

past webinars

Presentation Archives
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email HPBWorkshops@state.co.us for more info



GEO/Recharge Colorado is a Registered Provider with The American 

Institute of Architects Continuing Education Systems (AIA/CES).  

Credit(s) earned on completion of this program will be reported to 

AIA/CES for AIA members.  Certificates of Completion for both AIA 

members and non-AIA members are available upon request.

This program is registered with AIA/CES for continuing professional 

education.  As such, it does not include content that may be deemed or 

construed to be an approval or endorsement by the AIA of any material 

of construction or any method or manner of handling, using, distributing, 

or dealing in any material or product.  

Questions related to specific materials, methods, and services will be 

addressed at the conclusion of this presentation.
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• In order to maintain high-quality learning experiences, please 

access the evaluation for this course by logging into CES 

Discovery and clicking on the Course Evaluation link on the 

left side of the page

Course Evaluations
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• Fill out the survey

• Fill out the GBCI Continuing Education Tracking Form

• Write legibly (or we can’t send you anything)

• Sign the form (or you get no credit)

• Return the survey and tracking form

• Certificate will be e-mailed to you

This session is approved for 1.5 GBCI CE Hours

GBCI CE Hours
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Learning Objectives

At the end of this program, participants will be able to:

• Propose strategies to increase occupant motivation to enhance 

energy performance

• Employ integrated design strategies to incorporate user needs into 

the facility

• Outline the benefits of a Post Occupancy Evaluation

• Identify different methods of gaining occupant information
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• Introduction to Human Factors

• Human Factors – Impacts within the Building Process

• Identifying and Aligning Building & Behavior – Pre-Occupancy

• Q and A

• Identifying and Aligning Building & Behavior – Post-Occupancy

• Q and A

• Summary and Wrap up

Agenda
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Behavior and the Environment

Introduction to Human Factors



Behavior

is a function of the 

Individual and the Environment

B = f (I + E)

Kurt Lewin, 1936 

Principles of Topological Psychology

The Science Behind Behavior

I E
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Different factors provide the lens through 

which we perceive the world around us

Psychological

Physiological

Social/Cultural

The Individual
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The Individual
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Occupant Needs Drive Occupant Behaviors

Comfort
Function

Social Value
Meaning

Etc.

Space Heaters
Extension Cords

Recycling
Helping Others

Etc.



The Individual and Environment
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Occupant Needs Drive Occupant Behaviors

Comfort
Function

Social Value
Meaning

Space Heaters
Extension Cords

Recycling
Helping Others

Bldg Design/Operation



Impacts within the Building Process

Human Factors



Current Building Process
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Architect/Engineer (AE) Maintenance (O&M) O&MAE



WHY?
Just use the building as we 
intended. 

We’re the experts.

Why should we 

care?

What’s the big deal?



24



25

Electricity
63%

Natural Gas
24%

Fuel Oil
2%

District Heating
11%

Office Building: Fuel Usage
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=$1.71/sf

Electricity
82%

Natural Gas
10%

Fuel Oil
1%

District Heating
7%

Office Building: Fuel Expenditure ($)
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2003



Examples of Problems
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Owners Problems

• Higher Energy/Water Cost

• Higher Maintenance Cost

• Lower Occupant Satisfaction and 

Productivity/Performance

• Absenteeism Above Expectations

• Sick Building Syndrome Symptoms 

Above Expectations

• Greater Environmental Footprint

Occupants Problems

• Uncomfortable

• Not able to work efficiently

• Feeling tired

• Feeling frustrated

• Feeling unimportant

• Lower loyalty to owner



-$1,000,000

$0

$1,000,000

$2,000,000

$3,000,000

$4,000,000

$5,000,000

$6,000,000

Productivity / Health 
Savings

Building System ECM 
Savings

Recommended ECMs' 
Estimated Savings

Annual Productivity Losses 
Due to Limited Daylighting 
and Exterior Views:

Annual Productivity Losses 
Due to Occupancy Sensors:

Annual Productivity Losses 
Due to Lack of, or Limited, 
Personal Lighting Control:

$3,569,000

$872,284

Productivity/Performance & Health
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Focus Groups

Human Factors



Pre-Occupancy Strategies

Identifying and Aligning

Building & Behavior



Typical Programming Diagram

Paying Client

Users

GAPDesigners
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Paying



Incorporating the occupant into the facility:

• Participatory Planning

• Participatory Action Research

• Pre-Occupancy Evaluation

• Observation

• Research
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Participatory Action Research

Design, Planning, & Evaluation



• A democratic approach to study a system, and 

concurrently to collaborate with members of the system, 

to change it in what is together regarded as a desirable 

direction

• To facilitate and stimulate communication across 

disparate groups

Participatory Action Research
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Gilmore, T. Krantz, J. and Ramirez, R. (1986) "Action Based Modes of Inquiry and

the Host-Researcher Relationship" Consultation Volume 5(3): 160-76.



Paying Clients

Users

GAPDesigners

No first hand 

knowledge of users

ACTION:

Dialogue re: use of 

space by occupant

ACTION:

Dialogue re: 

use and goals 

by owner and 

occupant 

ACTION:  Reducing the Gap

Participatory Action Research

36



Asynchronous 

Communication

The blog provides a 

collective space which 

can be conveniently 

accessed according to 

an individual’s schedule 

and location.

Participatory Action Research

37



―Trees are much more inspirational 

than a brick wall. Everyone who has 

visited me has commented on the 

trees. We should do what we can to 

protect them as we expand.‖—Ernie

Participatory Action Research
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―The trees (woodlands) are a source of 

inspiration in my study because the 

branching helps me visualize neurons. The 

window acts as a microscope in the office 

providing a view of enlarged neurons.‖ –

Giorgio



Participatory Action Research

Information Sharing

• Among the end-user community

• Between the design teams and the end-users

• Between members of the design and construction team

39



questions?



Post Occupancy Strategies

Identifying and Aligning

Building and Behavior



Post Occupancy Evaluation

POE, POS - Post Occupancy Evaluation, Post Occupancy Study
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Post Occupancy Evaluation
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Evaluations
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Evaluations

Partnership between interviewer 

and interviewee; characterized 

by close cooperation
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Evaluations

Interpretation: The assignment of 

meaning to observations – as 

an investigator, we will always 

be trying to establish meaning in 

what we discover.
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Interpretation:

Fact > Hypothesis > Implication for Solution > 

Design Idea

Interpretation of occupant or O&M

Follow-up to ensure your interpretation and 

new solution are working as intended

Evaluations
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Evaluations

Perspective:

Point of view an interviewer and 

observer takes

Perhaps most important aspect 

of the Interview and Observation 

Process
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Conrad Duberstein U.S. Post Office & Courthouse 

Evaluations Example

Blast Curtains

• Fixed ballistic blast curtains installed on 
interior perimeter windows

• Because they limit natural light, many 
occupants have removed them down to 
the second floor

• GSA’s official policy is that they should 
be left up; unofficially has stated they 
could probably be removed safely from 
the 4th floor on up

• Weighing safety vs. energy savings and 
daylighting performance/productivity 
benefits
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• Occupant Focused

• Behavior Norms

• Operational Policies

• Building Focused

• Design Elements 

• Operational Policies 

Alignment Strategies

50



Source: http://www.yankodesign.com/2009/12/22/always-take-the-stairs/

Direct Message Indirect Message

Occupant Focused Alignment Strategies

One-Way Messages

• Increase awareness of design elements, operational policies and 

energy conserving behavior through One-Way Messages
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Building Focused Alignment Strategies

Decrease Barriers

• Communicate energy 

information so it has meaning
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Monitoring

56



• If the space is uncomfortable for its occupants, they will “fix” it 

(regardless of your design intentions) 

Post-Occupancy Daylighting Solutions
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Post-Occupancy Plug Loads
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• Space heaters, lamps, microwaves, and 

refrigerators



Phantom Plug Loads
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Power meters to determine appliance loads, 

accessible power strips to shut down manually, 

or personal occupancy sensors for automatic 

shutoff when spaces are vacant

…with this.

Avoid this…



Lighting Controls and Sensors
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Turn off, dim, or only use the 

lights which are needed during 

occupied hours…or, use 

equipment that does it all for 

you.

Are you sure you need that 

light turned on?



Empowering Students

Douglas County Schools

Case Study:



DCS: Empowering Students

Student project to district program

• Started at Flagstone  Elementary

• Reduce energy usage 

• Help the environment

• Alert those around them to how 

much energy could be avoided

62



DCS: Empowering Students

63

Ms. Smith Mr. Bell Ms. Bock Mr. Rogers Mr. Clute Mr. WallaMs. Woo

Audit Tracker from Flagstone Elementary



DCS – plug load results

DCS: Empowering Students

Computers   $114,302.45

Monitors        $30,480.65

64% of monthly plug load, by cost, was 

Computers and Monitors
64



DCS: Empowering Students

How were the results achieved?

• Groups/Clubs become involved as project

• Implemented as individual student 

projects

• Competition between classrooms

• Audit & tracking system for public view 

• Incentivizing - Stars for students, 

Starbucks for teachers
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21%

79%

DCS: Empowering Students

DCS Program Usage

51 schools

37,000 

students

25 schools

18,000

students

Courtesy: DCS Communications Dept

The Results

• 21% reduction of energy use where 

program instituted

• Program now expanded to 2/3 of the 

DCSD schools

• $2.3 million total in avoided energy 

payments
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DCS: Empowering Students
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Program Benefits?

Tangible Benefits:

•Saved $

•Saved energy/environment

•Reduce cooling load, lessening 

mechanical equipment wear

Intangible Benefits:

•Students as Role Model

•Students learn leadership/responsibility

•Students teach next generation

DCS: Empowering Students
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DCS: Empowering Students

69



Benefits of Incorporating

Human Factors

Summation



What if?

• We could reduce our Plug Loads 10%, to 

where they were in1990?

• We could only work with 5 other office 

members to change something in your 

office.  What would it be?

• If you could change something in your 

office, from a human factors perspective, 

what would it be?
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questions?



Resources – Energy

• National Renewable Energy Laboratory

http://www.nrel.gov

• Open Energy Info

www.openei.org

• Colorado Governor’s Energy Office

http://rechargecolorado.com
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http://www.nrel.gov/
http://www.openei.org/
http://www.openei.org/
http://www.openei.org/
http://www.openei.org/


Resources – Human Factors

• Community-Based Social Marketing

www.cbsm.com

• InformeDesign

www.informedesign.org

• ALA Demographic Data Sources

http://www.ala.org/ala/mgrps/rts/magert/publicationsab/demdata.cfm

• NALP Demographic Collection Tips

http://www.nalp.org/collecting_demographics

• California Center for Population Research

http://ccpr.ucla.edu:8080/CCPRWebsite/services/data/demographic-

data-sources
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Resources

How to Obtain Demographic Information

• Human Resource Departments

• Government Departments/Agencies

• Census Bureau

• Bureau of Labor Statistics

• Relevant state departments

• City Planning/Development Departments

• Internet Sources/Bibliographies

• ALA Demographic Data Sources 

• NALP Demographic Collection Tips 

• California Center for Population Research
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