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New Buildings Events
• Allies for Efficiency Training Series (AFE) 
• Trainings on high-performance design and construction 
• Takes place 3 times per year 
• Registration priority for New Buildings Trade and Design Allies 

• Building Energy Simulation Forum (BESF) 

• Advance energy modeling presentations 
• Takes place every other month



Upcoming BESF
• August 19th – Energy and Comfort Modeling for the Net 

Zero Rocky Mountain Institute Headquarters 

• October 21st – Energy Savings for Occupancy-Based 
Control (OBC) of Variable-Air-Volume (VAV) Systems 

• December 16th – Revisiting the OHSU Data Dome 

BESF takes place at the Ecotrust Building at noon



Training & Education



Today’s Agenda
• 2:40pm to 3:40pm: Research Overview 
• 3:40pm to 3:50pm: Break 
• 3:50pm to 4:50pm: Lessons Learned 
• 4:50pm to 5:00pm: Program Wrap-up 
• 5:00pm to 6:00pm: Networking Reception
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my life’s work summed up in logos… 

Terry Thomas Building, Seattle, WA
     http://www.building.am/pagegal.php?id=359Ozzy and Zeppelin
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A B O U T  M E



1. Understand key research that demonstrates 
how occupants play an integral role in 
building energy use outcomes 

2. Identify factors of building occupation that 
may negatively impact overall building energy 
use reduction goals 

3. Understand the importance of an integrated 
design process, post occupancy evaluation, 
and feedback loops 

4. Identify and learn techniques for effectively 
educating occupants about high performance 
building strategies to maximize both comfort 
and energy efficiency

Terry Thomas Building, Seattle, WA
     http://www.building.am/pagegal.php?id=359

P R E S E N TAT I O N  O B J E C T I V E S
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retrieved from: http://architecture2030.org/2030_challenges/2030-challenge/ 


A R C H I T E C T U R E  2 0 3 0  |  T H E  2 0 3 0  C H A L L E N G E



Adapted from an info-graphic by the Miller Hull Partnership of the Bullitt Center,  
a Net Zero Energy office building in Seattle, WA.

H E A T I N G +   
C O O L I N G

L I G H T I N G

P V  R O O F  /  FA C A D E

O C C U PA N T

T H E  PAT H  T O  N E T  Z E R O  E N E R G Y  U S E



fig. 3: Adaption of Integrated Energy Design diagram demonstrating area of influence for 
Interiors
(Brown, G.Z. & Cole, J., 2008) Source:  Betterbricks Educational Materials

fig. 4
Integrated Design Process and Feedback Loop:  pre- and post- design identified as 
critical areas for intervention
(by author)

Adaption of Integrated Energy Design diagram  
(Brown, G.Z. & Cole, J., 2008) Source: Betterbricks Educational Materials 


T H E  I N T E G R AT E D  E N E R G Y  D E S I G N
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A N D  P R O D U C T I V I T Y  

F O R  I T S  
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Terry Thomas Building, Seattle, WA

www.nibs.org/?page=hpbc, 2005
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image retrieved from http://www.building.am/pagegal.php?id=359
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Terry Thomas Building, Seattle, WAimage retrieved from googleimages 

T H E  P R O B L E M . . .
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– S T E I N B E R G ,  PAT C H A N ,  
S C H U N N ,  &  L A N D I S  ( 2 0 0 9 )

It is necessary to educate 
occupants on the 

differences between using 
a green building versus a 
conventional building in 

order to secure the green 
building’s success.  (p. 175)

“

”
http://www.buildinggreen.com/hpb/energy.cfm?ProjectID=1292

T H E R E F O R E …



E D U C AT I O N  
+  

occupant  
training

I N T E R I O R  
D E S I G N   

+ 
human behavior + 

psychology

A R C H I T E C T U R E  
building science + design 

strategies

E N E R G Y  
E F F I C I E N C Y

“ i n t e rd i s c i p l i n a r y  s t u d i e s  
i s  a  p ro c e s s  o f  a n s w e r i n g  

a  q u e s t i o n ,  s o l v i n g  a  
p r o b l e m ,  o r  a d d r e s s i n g  a  

t o p i c  t h a t  i s  t o o  b ro a d  o r  
c o m p l e x  t o  b e  d e a l t  w i t h  

a d e q u a t e l y  b y  a  s i n g l e  
d i s c i p l i n e  a n d  d r a w s  o n  

d i s c i p l i n a r y  p e r s p e c t i v e s  
a n d  i n t e g r a t e s  t h e i r  

i n s i g h t s  t o  p ro d u c e  a  
m o re  c o m p re h e n s i v e  

u n d e r s t a n d i n g  o r  
c o g n i t i v e  a d v a n c e m e n t . ”   

( R e p k o ,  2 0 0 8 ,  p .  1 2 )

I N T E R D I S C I P L I N A R Y  P E R S P E C T I V E



–  D AY  &  G U N D E R S O N  ( 2 0 1 4 )  P. 1 1 7

Many studies link passive design strategies and energy 
use and / or environmental satisfaction. However, there 

is a lack of research that successfully links passive 
design strategies with an occupant's knowledge of 

building systems, resulting behaviors and the 
corresponding relationship to environmental 

satisfaction and a building's energy use.  

I D E N T I F I E D  R E S E A R C H  G A P
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N = 8 0 4 5  “ h i g h - p e r f o r m a n c e ”  
 b u i l d i n g  d a t a b a s e

q u a l  p h a s e  I  c o n t i n u e d



M E T H O D  &  S A M P L E

d a t a  c o l l e c t e d  f r o m  5 6  b u i l d i n g s

various strata were intended to comprise the sampling frame for
the first phase of the study.

The stratified random selection method was originally used to
minimize any potential threats to the external validity. However, it
became readily apparent that randomly cold-calling buildings for
survey participation was an ineffective strategy. Many buildings
were unwilling to participate because they had no previous rela-
tionship or experience with the researcher, and additionally,
although these were high-performance buildings, most did not
have an occupant training or tenant engagement program. After
several months of this initial sampling approach, both an alterna-
tive sampling method and more realistic sample size was required.
Even though four building owners had agreed to participate in the
survey with this method, and several others had shared some form
of data, more participation in the study was needed.

Therefore, the sampling method shifted from stratified random
selection to purposive selection for the quantitative phase of the
study. Purposive samples are typically selected “using the expert
judgment of researchers and informants” (p.173) [75]. To obtain the
remainder of the sample, high performance buildings with some
form of occupant training were targeted and identified through
literature reviews, personal contacts, suggestions from experts in
the field, and online searches. This method proved to bemuchmore
successful because oftentimes, it was possible to establish credi-
bility with a building representative through a mutual contact,
which made it more likely the building owners would agree to
participate in the survey or share data. In addition, although this
form of sampling is not as strong in terms of external validity,
purposive sampling does help to generate a depth of knowledge
within a specific population, and it has been frequently used in both
qualitative and mixed-methods research [75]. The study partici-
pants are noted below in section 4.

3.3. Data collection

As discussed in section 3.1, both quantitative and qualitative
datawere collected from a total of 56 buildings (see Fig.1); 53 of the
buildings were scattered throughout the United States, one

building was in Canada, and two were selected from Europe. Data
collected included location, zip code and climate zone for each
building. Additionally, energy use, surveys, interviews, photo-
graphs, architectural drawings, educational materials, existing re-
ports, other documentation, and presentations or online lectures
were gathered for buildings when possible. The majority of ana-
lyses focused on the survey responses (n ¼ 118) and interviews
(n ¼ 41), but the other data collected helped to supplement indi-
vidual responses.

3.4. Measurement

3.4.1. Survey design
In total, there were 51 questions on the survey. The survey was

divided into five main categories to better understand the
following: (1) office attributes, (2) the presence and type of training
for (a) manual blinds, (b) automatic blinds, (c) natural ventilation,
(d) temperature controls, and (e) electric lighting, (3) satisfaction
with the office environment, (4) learning styles, and (5)
demographics.

Both open-ended and closed-ended questions were included on
the survey. Satisfaction responses were assessed through a seven
point Likert scale, which ranged from “strongly disagree” (1) to
“strongly agree” (7). A five-point scale, from “never” (0) to “always”
(4), was used for frequency ratings under the learning style section.
Multiple choice and yes/no responses were used throughout the
survey. Before data analysis, each of the questionswithin the survey
was coded as nominal, ordinal, categorical, interval or open-ended
so the appropriate statistical tests could be selected. See Appendix
A to see the questions that were sent out to the survey participants.
It should be noted that the results for the learning style portion of
the survey, and the majority of the interview responses will be
reported elsewhere.

3.4.1.1. Reliability and validity. To increase the content validity of
the survey tool, previously validated questions were used from
both a variety of POE surveys [11,34,76e79] and a learning style

Fig. 1. Locations of study buildings. Image made with Google Fusion Tables.

J.K. Day, D.E. Gunderson / Building and Environment 84 (2015) 114e124118

Q U A N + Q U A L  d a t a  c o l l e c t i o n
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s u r v e y  r e s p o n s e s  f r o m  1 3  b u i l d i n g s
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B O T H  O P E N - E N D E D  A N D  C L O S E D - E N D E D  Q U E S T I O N S  W E R E  I N C L U D E D  O N  
T H E  S U R V E Y.   

S A T I S FA C T I O N  R E S P O N S E S  W E R E  A S S E S S E D  T H R O U G H  A  S E V E N  P O I N T  L I K E R T  
S C A L E ,  W H I C H  R A N G E D  F R O M  “ S T R O N G LY  D I S A G R E E ”  ( 1 )  T O  “ S T R O N G LY  
A G R E E ”  ( 7 ) .   

A  F I V E - P O I N T  S C A L E ,  F R O M  “ N E V E R ”  ( 0 )  T O  “ A LWAY S ”  ( 4 ) ,  WA S  U S E D  F O R  
F R E Q U E N C Y  R AT I N G S  U N D E R  T H E  L E A R N I N G  S T Y L E  S E C T I O N .  M U LT I P L E  
C H O I C E  A N D  Y E S / N O  R E S P O N S E S  W E R E  U S E D  T H R O U G H O U T  T H E  S U R V E Y.   
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RESEARCH QUESTIONS: TRAINING & LEARNING

RQ1 Did building occupants receive any training or education 
surrounding high performance building systems?

RQ2 Do occupants understand how to effectively control, change or 
override the building controls?

RQ3 What are the types of delivery methods for occupant 
training, and which were most effective?

RQ4 Were trainings delivered one time, continuously, or 
intermittently? 

RQ5 How do individuals best learn a new concept? 
RQ6 Is there a difference between an occupant’s reported learning 

style and the assessment of the effectiveness of the training they 
received? 

RQ7 Is there a difference between the building size and 
effectiveness of training? 



RESEARCH QUESTIONS: ENVIRONMENTAL SATISFACTION

RQ8 In general, what were the most common high performance 
building complaints and appraisals? 

RQ9 Is there a difference between the climate type and thermal 
satisfaction or visual satisfaction? 

RQ10 Are individuals who reported health issues more or less satisfied 
with their office environment? 

RQ11 How did satisfaction appraisals differ among groups?



RESEARCH QUESTIONS: BEHAVIOR

RQ12 Why do occupants interact with the blinds, electric lighting or 
thermal controls?

RQ13 For what reasons do occupants choose not to interact with 
high performance building features?

RQ14 How often do occupants interact with, change or override the 
blinds? 
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H Y P O T H E S I S  
R E S U LT S

Effectiveness of training and environmental satisfaction were tested using both a Pearson chi-
square test and an independent t-test. A significant difference (p < .05) was found between 
groups for both tests. Therefore, the null hypothesis was rejected. Occupants who received 
training for high performance building strategies (such as blinds, natural ventilation, thermal 
controls, or electric lighting) demonstrated an increased level of reported environmental 
satisfaction when compared to individuals who did not receive any kind of training. 

“ I  d i d n ’ t  a c t u a l l y  r e c e i v e  a n y  t r a i n i n g  
b e c a u s e  I  a m  a  p a r t  t i m e  e m p l o y e e …  I  
g u e s s … b u t  I  d o  t h i n k  t h a t  
u n d e r s t a n d i n g  t h e  b i g  c o n c e p t s  o f  t h e  
b u i l d i n g  e n v e l o p e ,  w i n d o w s  a n d  
d a y l i g h t ,  h o w  t h e  t o i l e t  a n d  t h e  w a t e r  
s y s t e m  w o r k s  …  u n d e r s t a n d i n g  a l l  o f  
t h o s e  t h i n g s  m i g h t  m a k e  p e o p l e  m o re  
a c t i v e l y  p a r t i c i p a t e  a n d  a l s o  f i g u re  
o u t  w a y s  t o  c h a n g e  t h e  b u i l d i n g  t o  
s u i t  t h e i r  n e e d s . ”



E N V I R O N M E N TA L  S AT I S FA C T I O N  D E S C R I P T I V E  S TAT I S T I C S  

R E S U LT S

between the two groups (received training or did not) for multiple
summated satisfaction variables: (1) all satisfaction responses, (2)
for only the satisfaction questions about thermal comfort, (3) for
only the satisfaction questions about visual comfort, and (4) for the
remaining satisfaction questions.

Table 3 shows that respondents who received training were
significantlymore likely to be satisfiedwith their environment than
those who did not receive training (or helpful training) for all
environmental satisfaction categories tested (environmental satis-
faction as a whole (p < .001), thermal satisfaction (p < .002), visual
satisfaction (p < .001), and the remaining satisfaction questions
(p < .016). Equal variances were assumed for all of the categories
(except for the thermal satisfaction ratings) since the F test results
were found to be significant (Sig. < .05). The effect sizes for each
test were also calculated and included in Table 3, which were all
between a moderate and large effect size (again, except for thermal
satisfaction, which was between small and moderate effect size)
[82].

Review of the two group means indicated that the average
environmental satisfaction rating for people who received training

(M ¼ 5.38) was significantly higher than those who did not receive
training (M ¼ 4.56). The difference between the means was 0.82
points on a 7-point scale. The effect size d was approximately 0.4,
which was between a moderate and large effect size [74]. Results
were similar for all of the environmental satisfaction categories
tested.

Both effectiveness of training and environmental satisfaction
were tested in various ways. A significant difference (p < .05) was
found between groups for both the Pearson chi-square test and for
the independent t-tests. Therefore, the null hypothesis was rejec-
ted. Occupants who received training for high performance build-
ing strategies (such as blinds, natural ventilation, thermal controls,
or electric lighting) demonstrated an increased level of reported
environmental satisfaction when compared to individuals who did
not receive any kind of training.

There were many comments made on the open-ended portion
of the survey that may help explain the significant differences
found during the quantitative phase. The comments were coded
and grouped into themes. The majority of comments related to the
hypothesis specifically mentioned thermal or visual comfort issues.

Fig. 2. Mean values for environmental satisfaction section, in response to: “please rank the following for your office”.

Table 2
Pearson chi-square test: environmental satisfaction* effectiveness of training.

Training Total

No training reported, or reported
that training was not helpful

Training was
helpful

Environmental Satisfaction Mostly dissatisfied Count 27 3 30
Expected Count 22.1 7.9 30.0
% within 'effective training' 31.0% 9.7% 25.4%

Mostly satisfied Count 60 28 88
Expected Count 64.9 23.1 88.0
% within 'effective training' 69.0% 90.3% 74.6%

Total Count 87 31 118
Expected count 87.0 31.0 118.0
% within 'effective training' 100.0% 100.0% 100.0%

Chi-square tests Value df Asymp. Sig. (2-sided)

Pearson chi-square 5.498a 1 .019
N of valid cases 118

Symmetric measures Value Approx. Sig.

Nominal by Nominal Phi .216 .019
N of Valid Cases 118

a 0 cells (0.0%) have expected count less than 5. The minimum expected count is 7.88.
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See Table 4 for a list of open-ended questions from the survey, or
refer to Appendix A for more detail.

Examples of responses to the open ended questions are shown
in the Table 5 below.

After the Likert scale environmental satisfaction section,
depicted above in Fig. 2, respondents were asked the following
open-ended question: Please add any additional comments sur-
rounding your satisfaction with any of the environmental condi-
tions in your office. The responses for the open-ended question
were primarily negative in nature; the question seemingly gave
occupants an open forum to complain about their respective
buildings. Responses were coded for themes and word frequency;
the most frequently occurring words surrounded thermal comfort
(feel, cold, hot, uncomfortable), acoustics (acoustical, loud), or
privacy (privacy, distracting, interrupt). However, there were some
positive comments as well, primarily surrounding views and nat-
ural light. There was a mix of a positive and negative comments

surrounding electric lighting. Many occupants really liked the
natural lighting whereas others complained about the brightness
and “glary” nature of the daylight.

One of the interviewees also addressed the issue of training and
environmental satisfaction. “I didn't actually receive any training
because I am a part time employee … I guess … but I do think that
understanding the big concepts of the building envelope, windows
and daylight, how the toilet and the water system works … un-
derstanding all of those things might make people more actively
participate and also figure out ways to change the building to suit
their needs.”

The quantitative results, coupled with the qualitative responses
from both the open-ended answers and interviews, revealed that
occupants who understood how to operate the passive design
strategies were (1) more likely to be satisfied with their environ-
ment and (2) they were better able to manipulate their environ-
ment to maintain thermal and visual comfort.

5. Conclusions

This paper examined reported environmental satisfaction in
relation to occupants’ understanding of high performance building
features. It was hypothesized that if participants had received
training for high performance building features, they would be
more satisfied with their environment than those who had not
received training. Results indicated there was a significant differ-
ence between the two groups, (those who had received effective
training and those who did not), and the null hypothesis was
rejected. The individuals who reported having received effective
training were significantly more likely to be satisfied with their
office environment than those who did not receive any training,
which was not surprising.

5.1. Discussion

In terms of thermal comfort, visual comfort, and similar envi-
ronmental factors, it makes sense that individuals who understood

Table 3
Independent t-test: environmental satisfaction* effectiveness of training.

Training N Mean Std. deviation Std. error mean d (Cohen's d) r (effect size)

Environmental Satisfaction (all) no training reported, or reported
that training was not helpful

87 4.56 1.059 .114 0.87 !0.39

training was helpful 31 5.38 .810 .146
Environmental Satisfaction (thermal) no training reported, or reported

that training was not helpful
87 4.08 1.133 .121 !0.72 !0.34

training was helpful 31 4.97 1.316 .236
Environmental Satisfaction (general) no training reported, or reported

that training was not helpful
87 5.35 1.518 .163 !0.57 !0.27

training was helpful 31 6.06 .921 .165
Environmental Satisfaction (visual) no training reported, or reported

that training was not helpful
87 5.21 1.459 .156 !0.77 !0.36

training was helpful 31 6.15 .939 .169

Independent samples test Levene's test for equality of variances t-test for equality of means

F Sig. t df Sig. (2-tailed) Mean
difference

Std. error
difference

95% confidence interval of
the difference

Lower Upper

Environmental
Satisfaction (all)

Equal variances
assumed

4.750 .031 !3.940 116 .001* !.825 .209 !1.239 !.410

Environmental Satisfaction
(thermal)

Equal variances
not assumed

!3.339 46.783 .002* !.887 .266 !1.422 !.353

Environmental Satisfaction
(general)

Equal variances
assumed

6.135 .015 !2.452 116 .016* !.712 .290 !1.287 !.137

Environmental Satisfaction
(visual)

Equal variances
assumed

10.714 .001 !3.325 116 .001* !.935 .281 !1.491 !.378

Note: *significant difference found.

Table 4
Open-ended questions from survey.

Is there anything you particularly LIKE about your office building?
Is there anything you particularly DISLIKE about your office building?
Did you find this type of training to be effective in helping you learn about

daylight controls? [likert response] … If not, what do you wish would have
been done differently? Please explain:

Did you find this type of training/education to be effective in helping you learn
about the windows/natural ventilation controls?? [likert response] … If not,
what do you wish would have been done differently? Please explain:

Did you find this type of training/education to be effective in helping you learn
about thermal controls?? [likert response] … If not, what do you wish would
have been done differently? Please explain:

Did you find this type of training/education to be effective in helping you learn
about lighting controls?? [likert response] … If not, what do you wish would
have been done differently? Please explain:

Please add any additional comments surrounding your satisfaction with any of
the environmental conditions in your office if applicable:

Your office building was selected because of its high performance nature and its
ability to save energy. Were you taught, trained or educated about any other
sustainable building elements? If so, please explain:
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The table above shows that respondents who received training were significantly more 
likely to be satisfied with their environment than those who did not receive training (or 
helpful training) for all environmental satisfaction categories tested (environmental satis- 
faction as a whole (p < .001), thermal satisfaction (p < .002), visual satisfaction (p < .001), and the 
remaining satisfaction questions (p < .016). 

R E S U LT S



R E S U LT S

effective training ineffective or no training

M O R E  S AT I S F I E D L E S S  S AT I S F I E D

increased productivity $$$
fewer sick days

increased health

lower productivity
absenteeism

physical discomfort…thermal/visual comfort
headaches, migraines, etc.

S U R V E Y E D  O C C U PA N T S  



R E S E A R C H  Q U E S T I O N

W H AT  A R E  T H E  D I F F E R E N T  T Y P E S  O F  D E L I V E RY  
M E T H O D S  F O R  O C C U PA N T  T R A I N I N G  O F  H I G H  

P E R F O R M A N C E  B U I L D I N G  F E AT U R E S ,  A N D  W H I C H  
M E T H O D S  A R E  M O S T  E F F E C T I V E ?  



R E S U LT S

DID YOU RECEIVE TRAINING FOR ANY OF  
THE FOLLOWING BUILDING FEATURES? 



R E S U LT S

OCCCUPANT TRAINING IN HIGH PERFORMANCE BUILDINGS 

112 

“I do think sometimes it’s easier to have it both verbally and then also written, especially when 

you can refer back to it and as things change [like seasons and time of day], … So it would be 

easier if there was something a little bit more definite that kind of helps us for guidelines and 

stuff, but the verbal cues and reminders definitely do help as well so that we don’t forget, 

because a lot of times we get into work and we never think about anything unless we’re very 

uncomfortable.”  Both of the responses quoted above provided examples of what occupants 

thought might help strengthen the effectiveness of training in terms of delivery methods, which 

is also applicable to the following research question.  

RQ3: What are the types of delivery methods for occupant training, and which were most 

effective? 

For this research question, frequencies were tallied for each type of building strategy and 

for each type of training reported, which is illustrated in Table 20. Occupants were able to check 

one or more types of training on the survey for each high performance building strategy training, 

if applicable.  

Table 20 

What kind of training did you receive (n=118)? 

      
 verbally meeting memo PP formal 

training 
informal 
training 

email workshop document 

automatic 
blinds 

3 0 0 0 0 2 1 0 0 

manual 
blinds 

10 1 0 0 0 1 1 0 0 

natural 
ventilation 

20 12 1 1 0 2 7 0 2 

thermal 
controls 

15 4 0 0 0 0 1 0 1 

electric 
lights 

25 10 2 0 0 6 0 0 1 

 

There were 49 participants who reported having some kind of training on one or more of the 
five building features included on the survey (n=118). Of those, 31 participants rated the 
training they had received as (4) helpful, or (5) very helpful (63%). The remaining 18 
participants (37%) did not think the training they received was helpful or effective in 
teaching them about the particular building strategy for which they had received training.



R E S U LT S

2%
15%

16%

67% VISUAL

AUDITORY

KINESTHETIC

COMBO

“HOW I USE MY PHYSICAL SENSES…”

HOW DID INDIVIDUALS BEST LEARN A NEW CONCEPT?



R E S U LT S
W H AT  K I N D  O F  T R A I N I N G  W O U L D  Y O U  L I K E  T O  R E C E I V E  
I N  Y O U R  B U I L D I N G ?  W H AT  W O U L D  B E  M O S T  E F F E C T I V E ?  

“…... maybe a combo of an interactive kind of session with some kind of online training that 
actually teaches you about the systems and their functions and the rationale behind it.” 

“……“I do think sometimes it’s easier to have it both verbally and then also written, 
especially when you can refer back to it as things change.” 



I S  T H E R E  A  D I F F E R E N C E  B E T W E E N  T H E  B U I L D I N G  
S I Z E  A N D  E F F E C T I V E N E S S  O F  T R A I N I N G ?   

R E S U LT S

Quantitative results (Pearson chi-square statistic) showed that the reported 
effectiveness of training was significantly different between the two categories 
of building size [<25k SF and >25k SF]   (x2 = 17.504, df = 1, N =118, p ≤ .000).  

Q U A N

All of the interviewed individuals who were interviewed from smaller buildings 
had received some type of training, although, the level of effectiveness cannot 
necessarily be interpreted from the responses. However, none of the individuals 
interviewed in buildings over 25,000 SF reported any training. Two individuals, 
who were interviewed from a larger building, knew about systems only because 
they had helped design the building. 

Q U A L

O C C U PA N T S  I N  S M A L L E R  B U I L D I N G S  ( 5 1 . 4 % )  W E R E  
M O R E  L I K E LY  T O  R E P O RT  E F F E C T I V E  T R A I N I N G  T H A N  

T H O S E  I N  L A R G E R  B U I L D I N G S  ( 1 4 . 8 % ) .



S O …  A R E  T H E R E  WAY S  T O  U S E  D E S I G N  A S  A  T O O L  T O  
E D U C AT E  O C C U PA N T S  A B O U T  T H E I R  B U I L D I N G S ?  



T H E  D E S I G N  P R O C E S S  &  T H E  L E A R N I N G  P R O C E S S  

The learning process is reflective, enhanced 
through re-representation, and builds upon 
existing knowledge and experience.  

Mezirow (2000) defines learning as “the 
process of using a prior interpretation to 
construe a new or a revised interpretation 
of the meaning of one’s experience in 
order to guide future action” (p. 5).  

The learning process is similar to the design 
process as it is enhanced through “re-
representation” (Schön, 1983).  

In design, re-representational structures, 
such as sketching, are integral to the 
design process. Learning can also be 
enhanced in a similar manner.

Cyclical process of learning. Compton & Davis, 2010, p.316  
(based on the model illustrated in Knowles & Cole, 1996). 
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Figure 2. Cyclical and spiral experiential learning framework  (based on the model 
illustrated in Knowles & Cole, 1996). 

  

Data Analysis 

Data analysis was conducted in three phases. The first phase was the preliminary analysis 
conducted throughout the data collection period. The second phase was the open coding 
process to identify key phrases, followed by a focused coding process to look for 

L I T E R AT U R E  R E V I E W



T H E  D E S I G N  P R O C E S S  &  T H E  L E A R N I N G  P R O C E S S  

http://www.designsojourn.com/category/design-process/

L I T E R AT U R E  R E V I E W



Table 1

Models and Theories of Adult LearningModels and Theories of Adult LearningModels and Theories of Adult LearningModels and Theories of Adult LearningModels and Theories of Adult LearningModels and Theories of Adult LearningModels and Theories of Adult Learning

Theory and 
Creator

Identify why 
training/

learning is 
needed (how 
will it benefit 

them)

Focus on real 
world issues 
that involve 
solving an 

actual problem

Allow the 
learner to 

challenge ideas 
and make 
decisions

Training 
should relate 

and build upon 
past 

experiences

Respect 
individual 

differences, 
cultural 

backgrounds, 
etc

Learning 
should be 

action oriented 
so that adults 

can be actively 
engaged

Andragogy 
(Knowles, 
1980)

X X X X X X

Thiagi’s laws 
of learning 
(Zemke, 2002)

X X X X X X

Three 
dimensions of 
learning model 
(Illeris, 2002)

X X X

Self-directed 
learning 
(Knowles, 
1975)

X X X X

Adult basic 
education 
principles 
(Imel, 1998)

X X

Model of the 
learning 
process (Jarvis, 
2006)

X X

Note: Table modified and adapted from Bryan, Kreuter and Brownson, 2009, p.558Note: Table modified and adapted from Bryan, Kreuter and Brownson, 2009, p.558Note: Table modified and adapted from Bryan, Kreuter and Brownson, 2009, p.558Note: Table modified and adapted from Bryan, Kreuter and Brownson, 2009, p.558Note: Table modified and adapted from Bryan, Kreuter and Brownson, 2009, p.558Note: Table modified and adapted from Bryan, Kreuter and Brownson, 2009, p.558Note: Table modified and adapted from Bryan, Kreuter and Brownson, 2009, p.558

 “Andragogy, or the art and science of helping adults learn...is based on a number of 

assumptions about the learner” (Merriam, Caffarella, & Baumgartner, 2007, p.84). For the 

purposes of this research, the key principles of learning and teaching will follow those outlined 

by Malcom Knowles’ (1968) theory of andragogy, as it is one of the most comprehensive and 

well known theories of adult learning. Although, it should be noted that over the past decade, 

andragogy has been criticized for lacking the fundamental characteristics of a science because of 

the limited amount of empirical evidence that has been produced (M. Kroth, personal 
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L I T E R AT U R E  R E V I E W
M O D E L S  A N D  T H E O R I E S  O F  A D U LT  L E A R N I N G  



To truly maximize energy savings, occupants 
should understand specific strategies and 
corresponding behaviours as they relate to 
the building they inhabit (Cole & Brown, 2009; 
Janda, 2011).  

Delivering a singular training session does not 
ensure that occupants will actually learn. However, 
targeted training sessions can be paired with 
experiences and interactions within the 
designed environment to elevate the learning 
process.  

Learning can take place in multiple ways within 
the built environment (Orr, 1993).  

Learning can be enhanced through interactive 
behaviours and experiences as “...knowledge is 
continuously derived from and tested out in the 
experiences of the learner” (Kolb, 1984, p. 27).

 ... education about building 
performance needs to go 

beyond energy meters and 
monitors. If the goal [is] to 
prepare people to accept 

more responsibility for their 
role in the built environment, 

education should be much 
more comprehensive, 

integrated, hands-on, and 
iterative. (Janda, 2011, p. 19)

“

”

L I T E R AT U R E  R E V I E W
L E A R N I N G  I N  A N D  F R O M  T H E  B U I LT  E N V I R O N M E N T  



There are a few exemplar buildings that have 
successfully integrated both function (energy 
efficiency and building systems) and form (building 
design and aesthetics) in a way that peaks 
occupants’ interests surrounding the natural 
elements and high-performance strategies within 
the building. 

A  F E W  C A S E  S T U D Y  E X A M P L E S



G E N Z Y M E  C E N T E R :   
C A M B R I D G E ,  M A .  

The unique aesthetics and 
designed elements in the 
space motivate occupants to 
learn about energy-saving 
features in the building. For 
instance, there are large 
mirrors on the roof (heliostats) 
that move around throughout 
the day to reflect the sun onto 
fixed mirrors and then into the 
atrium.

http://inhabitat.com/genzyme-center/

C A S E  S T U D I E S



The water feature is six stories 
high and serves to humidify 
and dehumidify incoming air 
before it is distributed to 
other interior spaces. “During 
warmer, moist weather, water 
running down the water 
feature is cooled. . . [and] 
moisture in the air is absorbed 
into the water feature.... In the 
w i n t e r, t h e p r o c e s s i s 
reversed” (KPMB Architects, 
2009). 

http://inhabitat.com/genzyme-center/http://manitobahydroplace.com/Integrated-Elements/Water-Features/

M A N I T O B A  H Y D R O   
P L A C E :  W I N N I P E G ,   
M A N I T O B A .   

C A S E  S T U D I E S



http://inhabitat.com/genzyme-center/http://manitobahydroplace.com/Integrated-Elements/Water-Features/

M A N I T O B A  H Y D R O   
P L A C E :  W I N N I P E G ,   
M A N I T O B A .   

C A S E  S T U D I E S



Although the examples above illustrate the use of 
design elements as learning moments, they are 
somewhat lacking in terms of active engagement. 
There are several buildings that have truly aimed to 
integrate the building design as an educational 
tool.  

C A S E  S T U D Y  E X A M P L E S  C O N T I N U E D



...green lights signal it’s time 
to open the windows. A gage 
on a cistern shows the rain 
water level. A bioretention 
area doubles as an outdoor 
classroom. Even the pipes of 
the HVAC system are painted 
red and b lue to m imic 
illustrations of veins and 
arteries in human bodies. 
(Knox & Davis, 2010, p.37) 

http://inhabitat.com/genzyme-center/http://www.vmdo.com/docs/Manassas_Park_case_study_1.pdf

MANASSAS PARK ELEMENTARY SCHOOL  
MANASSAS PARK CITY SCHOOLS

CREATING ENVIRONMENTAL STEWARDS
Unlike a typical ‘green’ building, a ‘green’ school should carry the additional 
obligation of creating environmental stewards out of its occupants.  MPES 
is designed around the premise that people can’t be expected to preserve 
and protect something they don’t understand.  Each classroom is themed 
after a local animal or plant – with ground dwelling creatures on the first floor, 
mid canopy flora on the second floor, and treetop/sky inhabitants on the 
third floor.  Way finding signs throughout the building highlight facts specific 
to seasons and creatures.  The ‘trees’ in each hallway are random patterns 
of clear finished Poplar, Cherry, Ash, Oak and Maple planks mixed with 
full length mirrors – giving students the abstracted effect of walking in the 
woods.  Each species can be found growing in the adjacent forest. 

STUDENTS AS ACTIVE PARTICIPANTS 
IN CONSERVATION
Natural ventilation in the classrooms is encouraged by a ‘green 
light’ system.  When the green light comes on, students know that 
windows may be opened in order to substitute natural ventilation for 
mechanical conditioning.  Compressors in the heat pumps turn off, 
and natural convection currents circulate fresh air through the room.  
When the light turns off, students are quick to remind the teacher 
that any open windows need to be shut tightly once again.  

M A N A S S A S  PA R K  
E L E M E N TA R Y  
S C H O O L :  M A N A S S A S  
PA R K ,  VA

C A S E  S T U D I E S
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P R I N C I P L E S  O F  A D U LT  L E A R N I N G  |  A P P L I E D
c a s e  s t u d y  :  N R E L  R S F



P R I N C I P L E S  O F  A D U LT  L E A R N I N G  |  A P P L I E D
c a s e  s t u d y  :  N R E L  R S F

P R I N C I P L E  1 :  I D E N T I F Y W H Y T R A I N I N G / L E A R N I N G  I S  N E E D E D .  

( C A R L I S L E  E T  A L . ,  2 0 1 1 ;  P R E S S  E T  A L . ,  2 0 1 1 ) .  

P R I N C I P L E  2 :  F O C U S  O N  R E A L W O R L D  I S S U E S .  

P R I N C I P L E  3 :  A L L O W  T H E  L E A R N E R  T O  M A K E  D E C I S I O N S .  

P R I N C I P L E  4 :  R E L AT E  T R A I N I N G  T O  E X P E R I E N C E .  

P R I N C I P L E  5 :  R E S P E C T  I N D I V I D U A L D I F F E R E N C E S .  

P R I N C I P L E  6 :  L E A R N I N G  S H O U L D  B E  A C T I O N  O R I E N T E D .  



P R I N C I P L E S  O F  A D U LT  L E A R N I N G  |  A P P L I E D
c a s e  s t u d y  :  N R E L  R S F

( C A R L I S L E  E T  A L . ,  2 0 1 1 ;  P R E S S  E T  A L . ,  2 0 1 1 ) .  

•Occupants were informed about the aggressive energy goals 
prior to moving in to the building.  

•Goals and strategies were communicated to occupants in a 
variety of ways through employee newsletters, posts on the 
internal RSF web page, a brown bag lunch series, workstation 
prototype tours, an open house, YouTube videos, E-training, and 
blog polls.



P R I N C I P L E S  O F  A D U LT  L E A R N I N G  |  A P P L I E D
c a s e  s t u d y  :  N R E L  R S F

( C A R L I S L E  E T  A L . ,  2 0 1 1 ;  P R E S S  E T  A L . ,  2 0 1 1 ) .  

• As an energy research laboratory, NREL considered training for 
energy efficiency very important for sustainability at a global and 
organizational level — energy budgets were enforced 

•Occupants were well informed about the energy objectives of the 
company, and leaders at NREL and the Department of Energy 
(DOE) enforced these objectives.  



P R I N C I P L E S  O F  A D U LT  L E A R N I N G  |  A P P L I E D
c a s e  s t u d y  :  N R E L  R S F

( C A R L I S L E  E T  A L . ,  2 0 1 1 ;  P R E S S  E T  A L . ,  2 0 1 1 ) .  

•Each employee has access to an interactive computer program 
that allows him or her to report general concerns surrounding 
their environment (i.e. too cold, too hot, too bright, etc.).  

•This provides valuable data to the building operators regarding 
occupant comfort so building systems can be altered if 
necessary, and it also allows employees to play an active role in 
thermal and visual comfort decisions.



P R I N C I P L E S  O F  A D U LT  L E A R N I N G  |  A P P L I E D
c a s e  s t u d y  :  N R E L  R S F

( C A R L I S L E  E T  A L . ,  2 0 1 1 ;  P R E S S  E T  A L . ,  2 0 1 1 ) .  

•Before occupying the new building, employees were informed of 
behavioral and operational changes that were to take place in 
the new building.  

•In some instances, it was explicitly stated that behaviors would 
have to change to accommodate the aggressive energy goals in 
the new facility — employees were taught how and why some of 
their past experiences and interactions in other buildings were 
no longer applicable to the new building.



P R I N C I P L E S  O F  A D U LT  L E A R N I N G  |  A P P L I E D
c a s e  s t u d y  :  N R E L  R S F

( C A R L I S L E  E T  A L . ,  2 0 1 1 ;  P R E S S  E T  A L . ,  2 0 1 1 ) .  

•One way NREL was able to respect and respond to individual 
d i f f e re n c e s w a s t h ro u g h t h e i m p l e m e n t a t i o n o f 
“ask.rsf@nrel.gov.”  

•Employees were able to express concerns before and after 
move-in to the facility. Many employees were worried about 
issues surrounding privacy, noise, lights and health issues. The 
website allowed employees to ask a question and receive 
immediate feedback.



P R I N C I P L E S  O F  A D U LT  L E A R N I N G  |  A P P L I E D
c a s e  s t u d y  :  N R E L  R S F

( C A R L I S L E  E T  A L . ,  2 0 1 1 ;  P R E S S  E T  A L . ,  2 0 1 1 ) .  

•Design elements, such as red and green lights, daylighting 
systems, and operable windows, work in tandem with building 
technologies to create a feedback loop and signal system to 
occupants. When the outside air temperature is conducive to 
energy savings, a green light signals to occupants that they may 
open the windows for natural ventilation.  

•Technology has been integrated within the design to encourage 
interaction, support occupant feedback, and to further 
occupants’ understanding of the building systems.



A C H I E V I N G  N E T- Z E R O  T H R O U G H  
I N T E G R AT E D  L E A R N I N G  &  D E S I G N  



Q & A  



B R E A K  



PA RT  B :  L E S S O N S  L E A R N E D  ( A N D  D E S I G N  
M I S S T E P S )  F O R  T H E  A & E  C O M M U N I T Y  

J U L I A  K .  D AY,  P H D ,  I D E C ,  L E E D  A P,  N C I D Q  
K A N S A S  S TA T E  U N I V E R S I T Y   

A U G U S T  6 ,  2 0 1 5  

J U L I A K D A Y @ K S U . E D U

mailto:juliakday@ksu.edu


R E S E A R C H  Q U E S T I O N

F O R  W H AT  R E A S O N S  D O  O C C U PA N T S  C H O O S E  N O T  
T O  I N T E R A C T  W I T H  H I G H  P E R F O R M A N C E  B U I L D I N G  

F E AT U R E S ?  



F O R  W H AT  R E A S O N S  D O  O C C U PA N T S  C H O O S E  N O T  T O  
I N T E R A C T  W I T H  H I G H  P E R F O R M A N C E  B U I L D I N G  F E AT U R E S ?  

• Social / cultural concerns (occupants did not want 
to affect others) and/or the culture in the office was 
not conducive to changing thermal or visual conditions 

R E S U LT S

“…normally in my own house I would 
certainly go ahead and do it [change the 
blinds]. But here, I’ll change my own 
position so it doesn’t affect 20 other 
people usually ….If the sun is only in my 
eyes, you know, no big deal.”



F O R  W H AT  R E A S O N S  D O  O C C U PA N T S  C H O O S E  N O T  T O  
I N T E R A C T  W I T H  H I G H  P E R F O R M A N C E  B U I L D I N G  F E AT U R E S ?  

• “Not my dime” / thermal comfort (in reference 
to why they do not care about saving energy)

R E S U LT S

“… it feels like if you had some individual 
control [of the thermostat] you actually 
would end up with energy saved, because 
I’ve had my window open wasting heat a 
number of times ... I had a father who 
taught me not to waste energy in the 
seventies, but the number of times that I 
have wasted energy here… it’s because its 
not my dime, right? I do what I want 
because I’m uncomfortable.” 



F O R  W H AT  R E A S O N S  D O  O C C U PA N T S  C H O O S E  N O T  T O  
I N T E R A C T  W I T H  H I G H  P E R F O R M A N C E  B U I L D I N G  F E AT U R E S ?  

“I have a problem remembering which 
way to tilt the blinds so they maximize 
daylight and reduce glare and heat gain 
so having a reference for blind positions 
at the controls or access to a building 
operation manual would be useful.”

R E S U LT S

• Occupants did not understand how to effectively 
control the building features

http://www.getreligion.org/getreligion/2012/02/someones-confused-about-santorum

http://www.getreligion.org/getreligion/2012/02/someones-confused-about-santorum


F O R  W H AT  R E A S O N S  D O  O C C U PA N T S  C H O O S E  N O T  T O  
I N T E R A C T  W I T H  H I G H  P E R F O R M A N C E  B U I L D I N G  F E AT U R E S ?  

• Lack of control or perceived 
control (or asked not to touch it 
by someone) 

**Example of weather station and 
automated light system (lack of 
control) — need for an integrated 
design process.

R E S U LT S



F O R  W H AT  R E A S O N S  D O  O C C U PA N T S  C H O O S E  N O T  T O  
I N T E R A C T  W I T H  H I G H  P E R F O R M A N C E  B U I L D I N G  F E AT U R E S ?  

They had disabled the control or building feature… 

R E S U LT S



S O ,  W H Y  C A N ’ T  W E  J U S T  M A K E  B U I L D I N G S  
C O M P L E T E LY  A U T O M AT E D  S O  T H AT  P E O P L E  D O N ’ T  

H AV E  T O  C O N T R O L  A N Y T H I N G ?  



P E O P L E  WA N T  C O N T R O L !  
“…the windows are annoying because it's all 

automated… so you can’t control it.”



S O  W H AT  C A N  D E S I G N E R S  A N D  O W N E R S  D O  T O  H E L P  
R E D U C E  O V E R A L L  B U I L D I N G  E N E R G Y  U S E  &  T O  

E N S U R E  T H E  B U I L D I N G  —  A N D  T H E  O C C U PA N T S  —  
A R E  R E A L LY  P E R F O R M I N G  AT  T H E  D E S I R E D  L E V E L ? ? ?  



1 . T H R O U G H  A N  I N T E G R AT E D  
D E S I G N  A P P R O A C H

2 .  R E M O V E  B A R R I E R S  

3 .  E D U C AT E  O C C U PA N T S  

  
4 .  I M P L E M E N T  E F F E C T I V E  

B E H AV I O R A L  C H A N G E  
A P P R O A C H E S …  



fig. 3: Adaption of Integrated Energy Design diagram demonstrating area of influence for 
Interiors
(Brown, G.Z. & Cole, J., 2008) Source:  Betterbricks Educational Materials

fig. 4
Integrated Design Process and Feedback Loop:  pre- and post- design identified as 
critical areas for intervention
(by author)

Integrated Design Process and Feedback Loop: pre- and post- design identified as critical areas for intervention  
(Theodorson, 2014) 


I N T E G R AT E D  D E S I G N  P R O C E S S  +  F E E D B A C K  L O O P



TABLE 1
Interiors and Human-Centered Energy Determinants throughout design process

DESIGN 
PHASE

PRE-DESIGNPRE-DESIGNPRE-DESIGN

DESIGNDESIGN

OCCUPANCYOCCUPANCY

DESIGN 
ACTIVITY

Interiors + Human Centered 
ENERGY DETERMINANTS

Interiors + Human Centered 
 DAYLIGHTING DETERMINANTS

Eco-design 
charrette

• initiate team building, inclusive of occupant
• establish importance of occupant in energy profile
• influence leadership toward eco-design perspectives
• discussion of automation vs. autonomy
• set measurable energy goals, considering human-behavioral 
inputs

• present research on human benefits related to daylighting and 
resulting economic benefit
• consider socio-cultural influences relative to the provision of daylight 
and views
• rank daylight and views in preferred building attributes
• establish ‘daylight priority’
• set daylighting performance goals relative to user inputs

Programming

• align occupancy patterns with energy requirements 
• align spatial organization with climate resources
• review comfort criteria in consideration of personal adaptation
• passive buildings = active occupant

• align building schedules with daylight resource
• prioritize daylight resource for areas of critical visual tasks and 
prolonged human occupation
• set luminous environment requirements
• consider concept of autonomy vs automation relative to daylight 
harvesting

Form and siting •align human functions with climate  and microclimate 
resources

• consider qualities of daylight source relative to building / spatial 
orientation
• provide “bright spaces” for circadian entrainment
• maximize view

Space planning, 
fittings and 

finishes

•  consideration of systemic inhabitant-architecture interactions 
relative to energy conservation strategies.

•shape interior space to modify and distribute natural light source, ie: 
interior light shelves, ceiling surfaces
• select surface finishes to benefit daylight distribution
• interior arrangements (furniture, computers, projection surfaces, etc) 
consistent with daylight controls and qualities
• consider color of daylight relative to material color selections

Interior 
Systems

• consider human-technology interfaces
• provide multiple adaptive controls for thermal and luminous 
comfort provisioning

• review programming requirements  and human interface in 
developing daylight controls

Commissioning

• consider human-technology interfaces
• provide multiple adaptive controls for thermal and luminous 
comfort provisioning
• fine-tune behaviors

• occupant education 
• commission daylight harvesting systems (electric lighting) and 
daylight controls (blinds)

Post occupancy 
evaluations

•  verify performance with occupancy
• increase understanding of inhabitant-architecture interactions

• collect data on user preferences, behaviors, controls
• develop human-factors daylighting argument

Interiors and Human-Centered Energy Determinants throughout design process  
(Theodorson, 2014) 
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E D U C AT E  O C C U PA N T S

Based on the literature review, the results from this study, and a few 
case examples, a successful occupant education program should: 

(1) incorporate multiple types of delivery methods to support differing 
learning styles,  
(2) provide opportunities for experiential learning through an 
interactive approach within the building context,  
(3) encourage learning through techniques that facilitate motivation, 
reinforcement, retention, and transference of knowledge such as 
feedback, goal setting and competition, and  
(4) explain the rationale behind the need for training and how it will 
benefit the occupants. Occupants need to understand the building 
owners have aggressive energy reduction goals and their actions 
directly affect the energy use of the building and their personal comfort.



 

46 

Social Influences. Social influence is when a person’s actions are prompted by the 

actions of another person in a social group. In the case of energy, a user may use less energy 

because they see their peer is using less energy (Jain et al., 2013). Therefore, it is likely 

behaviors in high performance buildings may also be influenced by social cues or norms within a 

given building. People’s behaviors often echo what they perceive as the norm (Goodwin, 2013). 

Thus, it is important for companies to create an environment in which employees are encouraged 

to interact with the building with the goal of energy saving. The next section briefly mentions 

strategies used for encouraging and motivating energy efficient behaviors.  

Encouraging Behavioral Change for Energy Efficiency. There are a few ways in 

which energy efficient behaviors can be encouraged including removing barriers, providing 

feedback and/or incentives, goal setting, and competitions (“Behavior-based energy efficiency 

programs discussed at the NW Efficiency Exchange,” 2013). The following table was compiled 

by Goodwin (2013) and posted to conduitnw.org (an energy efficiency community for the 

Northwest) as part of document geared toward recommendations for behavioral change in the 

residential energy sector.  

Table 2 

Approaches to energy efficiency and behavioral change 

Approach Why It Works 
Normative influence It is a consistent finding that people tend to align their behavior 

with the perceived norm 
Goal-setting/Pledges Commitment is a powerful motivator -- especially when it's public. 
Consistency Cues Relates to goal-setting above; people tend to have a drive to be 

consistent with their internalized value system, stated 
commitments, or past behavior. Prompts that remind people of 
their commitments, or point out ways in which they could better 
align with them, can drive behavior change. 
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Competition Competition can increase performance on familiar tasks, 
especially when a person is competing with those who are relevant 
or of similar ability. In the case of energy efficiency, competing 
with friends, similar households, and coworkers is likely to be 
more effective at inducing behavior change than competing with 
leaders in sustainability. 

Remove Barriers Behavior change often comes down to identifying and removing 
barriers to more desirable ways of acting. In the case of energy 
efficiency, providing individualized tips on how to save energy or 
shift load may help drive energy savings. 

Provide Direct 
Feedback 

Often, people persist in less desirable behaviors merely because 
they aren't aware of how much they do them, how impactful they 
are, or how easy it would be to change. Giving people access to 
their real-time energy use information can make wasteful 
behaviors more salient. In the case of energy efficiency, providing 
individualized, hour-by-hour reports through live feedback 
(computers, energy kiosk, etc.) can make people aware of 
opportunities throughout the day where they can save energy 
without sacrificing comfort. 

Provide Indirect 
Feedback 

Providing indirect feedback (via billing statements) can help 
people save energy by inducing them to "compete" with their own 
past performance and set goals. 

Note:  table from Goodwin (2013), behavior based table of approaches.xls, sheet 1. 

Even though the table above was created for residential behavioral change programs, the 

literature suggests these recommendations would also be excellent motivators for behavioral 

change in a high performance office building setting (Brown et al., 2009b; Chen et al., 2012; Jain 

et al., 2013). 

Summary Occupant Behaviors & Energy Use 

Ultimately, occupant behaviors can positively or negatively affect a building’s energy 

outcomes. In addition, factors such as visual comfort, thermal comfort, and access to controls are 

important for how and why occupants may behave in a certain way.  Occupants are more likely 

to alter their conditions, change the blinds, and interact with other building strategies if they see 

other occupants exhibit these same behaviors (Jain et al., 2013).  There are many ways to nudge 

occupants into changing their behaviors, including providing feedback and/or incentives, goal 

A P P R O A C H E S  T O  E E  A N D  B E H AV I O R A L  C H A N G E

Behavior based energy efficiency approaches around the northwest. Retrieved from https://conduitnw.org/pages/file.aspx?rid=1653  
(Goodwin, 2013) 




C O M P E T I T I O N

H T T P : / / W W W. K I L O WAT T- C R A C K D O W N . C O M /

K I L O WAT T  C R A C K D O W N  

http://www.kilowatt-crackdown.com/


G O A L  S E T T I N G



P R O V I D E  F E E D B A C K  ( T O  O C C U PA N T S )



P R O V I D E  F E E D B A C K  ( T O  D E S I G N E R S )  |  P O E

retrieved from msd.unimelb.edu.au

http://msd.unimelb.edu.au


P R O V I D E  F E E D B A C K  ( T O  O W N E R S )



T O O L S  F O R  D E S I G N E R S … C O M I N G  S O O N

D O E  T O O L  S E L E C T I O N

http://buildsim_cbpd.arc.cmu.edu:8888/doe_cbei_bp4_energytools/ToolSelection.html


T O O L S  F O R  D E S I G N E R S

D AY L I G H T  PAT T E R N  G U I D E  

  

H T T P : / / PAT T E R N G U I D E . A D VA N C E D B U I L D I N G S . N E T /

http://patternguide.advancedbuildings.net/


E X I S T I N G  P R O G R A M S  /  I N I T I AT I V E S  -  O W N E R S

H T T P S : / / P O RT F O L I O M A N A G E R . E N E R G Y S TA R . G O V /

P O RT F O L I O  M A N A G E R  

https://portfoliomanager.energystar.gov/pm/login.html


E X I S T I N G  P R O G R A M S  /  I N I T I AT I V E S  -  O W N E R S

H T T P : / / W W W. I D L B O I S E . C O M / B M L  

B U I L D I N G  M E T R I C  L A B E L I N G  

http://www.idlboise.com/bml


H O W  C A N  W E  E N C O U R A G E  E N E R G Y  
E F F I C I E N T  O C C U PA N T  B E H AV I O R S  I N  H I G H -

P E R F O R M A N C E  B U I L D I N G S ?

S O ,  T O  R E C A P  . .



1 . T H R O U G H  A N  I N T E G R AT E D  
D E S I G N  A P P R O A C H

2 .  R E M O V E  B A R R I E R S  

3 .  E D U C AT E  O C C U PA N T S  

  
4 .  I M P L E M E N T  E F F E C T I V E  

B E H AV I O R A L  C H A N G E  
A P P R O A C H E S …  



C O N C L U S I O N S

U l t i m a t e l y,  b e t t e r  o c c u p a n t  e d u c a t i o n  
i n i t i a t i v e s  m a y  l e a d  t o  i n c re a s e d  

e n v i ro n m e n t a l  s a t i s f a c t i o n  f o r  o c c u p a n t s  a n d  
u n r e a l i z e d  e n e rg y  a n d  c o s t  s a v i n g s  i n  h i g h -

p e r f o r m a n c e  b u i l d i n g s .

http://www.evolo.us/architecture/nouvels-glittering-new-apartment-building-on-eleventh-avenue/
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