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1   Protocols for Evaluating Behavioral Programs    

Over the past 10 years, a variety of efforts have been undertaken to encourage energy conservation by chang-
ing the behavior of various market actors including service providers and consumers. Examples of programs 
intended to alter behavior to achieve energy savings include providing:

•	 normative	comparisons	in	which	consumers	are	provided	with	comparisons	of	their	household	energy	 
consumption with that of other purportedly similar households (e.g. Opower, Simple Energy);

•	 feedback	technologies	that	allow	consumers	to	observe	their	energy	use	at	websites	or	from	devices	installed	
in their homes (e.g., Blueline in-home-displays, GE Nucleus, Rainbow, etc.);

•	 home	automation	technologies	to	consumers	that	help	them	consume	less	energy	(e.g.,	Nest	thermostat);

•	 time	varying	rates	that	help	consumers	lower	their	energy	consumption	to	reduce	demand	on	the	electric	
system while saving money on their bills;

•	 public	appeals	for	conservation	(e.g.,	OPA’s	Summer	Savings	and	Summer	Sweepstakes	Program	and	 
California’s	Flex	Your	Power	Program);

•	 financing	for	energy	efficiency	investments	designed	to	encourage	consumers	to	purchase	more	energy	 
efficient	equipment;

•	 training	to	various	market	actors	to	enhance	the	likelihood	that	they	properly	size	and	install	energy	using	
equipment;

•	 training	to	building	industry	professionals	to	assist	them	in	designing	and	building	energy	efficient	buildings;

•	 technical	support	to	large	organizations	to	assist	them	in	identifying	energy	efficiency	investment	 
opportunities, designing and evaluating solutions and implementing them; and

Following	a	recent	discussion	of	evaluation	measurement	and	verification	for	behavioral	programs	we	define	
behavioral programs as those that seek to change energy use related behavior in an effort to achieve energy  
or demand savings.1 These programs typically involve education, information feedback, training, awareness 
building or public appeals. 

1. Introduction

1	Annika	Todd,	Elizabeth	Stuart,	Charles	Goldman	and	Steven	Schiller	“Evaluation,	Measurement	and	Verification	(EM&V)	 
of	Residential	Behavior	Based	Energy	Efficiency	Programs:	Issues	and	Recommendations	(2012(	DOE/EE	0734

The protocols set forth in this document describe the basic approaches that the 
Ontario Power Authority (OPA) considers acceptable for assessing the impacts 
of behavioral programs on energy consumption. 
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2   Protocols for Evaluating Behavioral Programs    1. Introduction

Four	basic	types	of	evaluations	may	be	required	in	assessing	the	performance	of	behavioral	intervention	 
programs. They include:

•	 Impact evaluations – assessment of the impacts of the program on energy consumption;

•	 Market effects evaluations – assessments of the impacts of programs on various aspects of the market including 
changes	in	sales	and	prices	of	energy	efficiency	measures,	prevalence	of	behaviors	and	opinions	that	influ-
ence energy consumption and actions that may be taken by market actors in response to the program;

•	 Cost effectiveness evaluations – assessments of the extent to which cost savings resulting from programs exceed 
the costs of delivering them; and

•	 Process evaluations	–	assessments	of	the	extent	to	which	the	process	used	to	deliver	programs	are	efficient	and	
effective.

Behavioral intervention programs are designed to change the behavior of market actors and thereby to cause 
changes in energy consumption. As such the evaluation of these programs poses special evaluation research 
design problems. In particular: 

•	 Determining	that	a	given	intervention	has	caused	a	change	in	behavior	requires	the	implementation	of	 
carefully	designed	research	usually	requiring	experimental	or	quasi-experimental	research	techniques;

•	 The	observation	of	change	in	behavior	requires	careful	empirical	measurements	using	surveys	and	other	
data that may be expensive to obtain;

•	 The	impacts	of	behavior	change	sometimes	take	time	to	materialize	(i.e.,	it	may	take	longer	for	some	parties	
to adopt behaviors than others);

•	 Efforts	to	change	behavior	do	not	always	succeed	with	all	parties	subjected	to	behavioral	interventions	 
(i.e.,	some	parties	reject	information	or	training);

•	 Improvements	in	practices	adopted	by	some	market	actors	as	a	result	of	training	may	cause	other	similar	
actors in the market to adopt those practices (i.e., spillover effects are possible);

•	 Behavior	changes	may	have	variable	persistence;	and

•	 Behavior	changes	can	cause	indirect	changes	in	measure	adoption	rates	for	energy	efficiency	measures	
supported by other funding steams thereby necessitating an assessment of the attribution of the effects to 
the different programs that might be affected (i.e., design changes resulting from training of architects and 
engineers	may	alter	the	adoption	rate	of	energy	efficient	appliances	for	which	rebates	are	paid).

The	above	special	considerations	require	the	development	new	protocols	for	measuring	the	impacts	of	training	
and segment support on behavior and energy consumption. 
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3  Protocols for Evaluating Behavioral Programs        1. Introduction

1.1 The Purpose of the Behavior Protocols

These protocols are intended by be used by evaluators and program design and implementation staff to plan 
and carry out evaluations of behavioral programs. They describe best practices for evaluating such programs as 
well as the minimal information that must be reported regarding the selection of research methods and results. 
These	protocols	comprise	a	new	component	of	the	OPA	EM&V	Protocols	and	Requirements	explicitly	designed	
to	meet	the	requirements	for	evaluating	behavioral	programs.		

1.2 Underlying Philosophy of the Protocols

Guidance	is	provided	concerning	how	best	to	meet	the	above	described	objectives	in	this	document	in	the	form	
of	protocols.	Miriam-Webster’s	Online	Dictionary	defines	a	protocol	as:	“a	detailed	plan	of	a	scientific	or	medi-
cal experiment, treatment, or procedure.” It is possible to specify protocols in three ways.

First,	it	is	possible	to	prescribe	the	approaches	that	must	be	employed	to	evaluate	programs.	For	example,	
California’s	Energy	Efficiency	(EE)	protocols	identify	the	specific	methods	that	must	be	applied	when	estimat-
ing	savings	for	EE	programs	in	California.	These	are	what	are	called	prescriptive	protocols	because	they	require	
specific	estimation	procedures	to	be	used	in	calculating	impacts.	A	second	type	of	protocol	specifies	the	output	
that must be reported leaving decisions concerning research methods to be made by the researchers who are 
responsible	for	producing	the	required	output.	Ontario’s	load	impact	protocols	for	evaluating	demand	response	
resources are an example of this sort of protocols. A third type of protocol primarily provides guidance con-
cerning best practices and recommended approaches to research design and analysis, tailored to a particular 
subject	matter	area;	for	example,	conservation	and	demand	management	(CDM)	evaluation	or	outage	cost	
estimation. 

The	protocols	presented	herein	combine	elements	of	all	three	types	of	protocols.	They	are	intended	to	define	the	
appropriate	minimal	requirements	for	carrying	out	valid	evaluations	of	behavioral	intervention	programs	while	
allowing researchers the leeway to design effective methods for achieving this goal. 

In	the	discussion	that	follows,	we	focus	most	of	our	attention	on	research	requirements	for	carrying	out	valid	
impact evaluations. By impact evaluations we mean evaluations intended to assess the changes in behavior and 
energy consumption that result from behavioral programs. We do so for the following reasons:

•	 Results	of	impact	evaluations	are	crucial	for	determining	whether	the	behavioral	intervention	programs	are	
having the intended effects on behavior and energy consumption. This information is critically important 
for program planning and future decisions about program resource allocation.

•	 Research	methods	required	to	estimate	the	impacts	of	program	interventions	on	behavior	are	very	different	
from	those	that	have	been	relied	upon	to	quantify	the	effects	of	conventional	energy	efficiency	programs.	
The	paradigm	for	quantifying	the	impacts	of	behavior	on	energy	consumption	is	based	on	observing	the	
changes in behavior and energy consumption that occur when a behavioral interventions are provided; not 
on	the	reduction	in	energy	consumption	(adjusted	for	free	ridership	and	spill	over)	arising	from	substitu-
tion	of	more	efficient	end	use	equipment	for	less	efficient	equipment.	Protocols	that	have	been	adopted	for	
studying	the	impacts	of	conventional	energy	efficiency	programs	simply	are	not	appropriate	for	assessing	
the impacts of changes that arise from behavioral interventions. So, substantial effort must be dedicated to 
explaining	and	justifying	those	methods.

Filed: September 7, 2017, EB-2017-0150, Exhibit I, Tab 1.1, Schedule 2.04, Attachment 2



4  Protocols for Evaluating Behavioral Programs       1. Introduction

•	 When	it	is	possible	to	estimate	energy	savings	arising	from	behavioral	interventions,	the	methods	and	pro-
cedures	used	to	estimate	program	cost	effectiveness	are	the	same	as	those	for	conventional	energy	efficiency	
programs. In other words, what is different about estimating the cost effectiveness of behavioral programs is 
the	way	that	energy	savings	from	behavioral	programs	are	estimated,	not	the	manner	in	which	cost	benefit	
ratios are applied.

•	 Likewise,	the	methods	and	procedures	used	to	carry	out	process	evaluations	and	market	effects	studies	are	
the	same	for	behavioral	programs	as	they	are	for	conventional	energy	efficiency	programs	(or	all	other	social	
programs for that matter). 

There	are	“right	ways”	of	assessing	the	impacts	of	behavioral	programs	on	energy	consumption	and	behaviors;	
and these methods and the reasons why they should be used are detailed in this document. As will be explained 
in	detail	below,	these	“right	ways”	often	involve	experiments	designed	to	conclusively	determine	the	extent	of	
change energy consumption or behaviors as a result of exposure to the program. 

However,	we	recognize	there	are	sometimes	intervening	circumstances	that	make	it	impossible	to	achieve	the	
ideal experimental design. It will be necessary to make decisions in the design process that give up some of the 
certainty about the outcome of interest in order to take account of practical considerations. The protocols are 
intended to provide guidance to research designers as they make these decisions. They call for both careful con-
sideration of decisions that reduce the internal and external validity of experiments designed to assess program 
effects	and	careful	documentation	and	explanation	of	the	consequences	of	doing	so	at	the	reporting	stage.	

1.3 Description of Contents

This document sets forth the basic protocols that are to be used in evaluating behavioral programs imple-
mented	in	Ontario.	Chapters	1	-	3	introduce	the	protocols,	describe	the	types	of	behavioral	programs	to	which	
the protocols should be applied and discuss they types of evaluations that can be carried out for such programs. 
Chapter	4	discusses	appropriate	research	designs	for	studying	the	impacts	of	the	types	of	behavioral	programs	
that are being carried out. Chapter 5 describes the protocols to be used in evaluating training and capacity 
building programs. Chapter 6 describes the protocols for evaluating the effects of feedback programs; and 
Chapter	7	describes	the	protocols	that	should	be	applied	to	evaluating	the	effects	of	education	and	information	
campaigns. Chapter 8 provides examples of the application of the protocols to three existing programs.

Filed: September 7, 2017, EB-2017-0150, Exhibit I, Tab 1.1, Schedule 2.04, Attachment 2



Energy	efficiency	programs	are	utility	or	third	party	
sponsored policy initiatives designed to increase the 
market	penetration	of	energy	efficient	equipment.	
They are programs that are designed to save energy 
by	causing	customers	to	use	it	more	efficiently	to	
provide the same level of comfort and convenience 
that	would	have	been	supplied	by	less	efficient	
equipment.	Examples	of	energy	efficiency	programs	
are lighting, refrigerator and air conditioner rebate 
programs in most markets. 

 Conservation programs, on the other hand are  
designed to cause parties to act in ways that save 
energy by reducing demand for it (e.g., properly 
installing	equipment,	investing	in	more	energy	effi-
cient alternatives, setting thermostats lower in winter 
and higher in summer, turning off unneeded lights, 
loading laundry and dish washing machines to full 
capacity, replacing machine drying clothes with line 
drying, etc.). 

For	reasons	that	are	unimportant	to	understand-
ing	the	definition	of	behavioral	programs	that	will	
be employed in these protocols, there has been a 
tendency for program planners and evaluators to 
think	of	energy	efficiency	programs	and	impacts	as	
initiatives that are principally concerned with the 
effects	of	equipment	on	energy	consumption;	and	to	
think of conservation programs as initiatives that are 
principally concerned with the effects of behavior 
or habits on energy consumption. It follows from 
such	reasoning	that	savings	from	energy	efficiency	

programs are deemed to arise principally from the 
difference in energy consumption for a lower level  
of	energy	efficiency	with	equipment	that	has	higher	
efficiency.	While	savings	from	conservation	pro-
grams are deemed to arise principally from chang-
ing behavior so that there is less demand for energy.

Whatever advantage the foregoing reasoning might 
have had in the preceding decades, it should be 
obvious	that	this	definition	of	the	problem	has	
outlived its useful purpose. Today, most third party 
and utility sponsored programs contain important 
behavioral components; and in most senses can be 
considered to be behavioral programs. 

To	reflect	the	increasing	importance	of	behavior	
change in achieving energy savings, for purposes 
of	these	protocols,	we	expand	on	the	definition	of	
behavior	based	energy	efficiency	programs	adopted	
in the recent SeeAction report2	.	The	definition	of	
behavior	based	energy	efficiency	programs	advocated	
in that report was:

“Behavior based energy efficiency programs are those that 

utilize strategies intended to affect consumer energy use 

behaviors in order to achieve energy or peak demand sav-

ings. Programs typically include outreach, education com-

petition, rewards benchmarking and feedback elements.

Such programs may result in changes to consumers’ 

habitual behaviors (e.g., turning off lights) or one time 

behaviors (e.g., changing thermostat settings). In addition, 

these programs may target purchasing behavior (e.g., 

purchase of energy efficient products or services) often 

used in combination with other programs)…”

5  Protocols for Evaluating Behavioral Programs        

2. Types of Behavioral Programs

As conservation and demand management programs have emerged over the 

decades since the 1970s a distinction has developed between what are normally 

thought of as energy efficiency programs and conservation programs. 

2	Op	cit	1
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2.1 Training/Capability Building Programs

Training and capability building programs are de-
signed to cause energy savings by providing training 
to installers and building operators by ensuring that 
systems for which they have responsibility are prop-
erly installed and operated. These kinds of programs 
have been in existence for literally decades in most 
localities that have established serious public efforts 
to	enhance	building	energy	efficiency.	As	a	matter	
of	fact,	they	were	some	of	the	first	efforts	that	most	
utilities	undertook	to	encourage	efficient	energy	
use in buildings. The OPA currently has a number 
of education initiatives under development. These 
include:

•	 Builder training – training and incentives  
designed	to	teach	builders	energy	efficient	 
building	techniques

•	 HVAC installation optimization – training and instal-
lation incentives to contractors and other trades 
people	aimed	at	increasing	the	quality	of	HVAC	
installation and maintenance

•	 Building operator training – training for building 
operators	on	operating	buildings	efficiently

•	 Energy Manager training –	training	and	certification	
in energy management

In	our	view,	the	above	definition	is	too	limited.	
In addition to consumers the scope of the target 
markets for behavioral programs should to include 
operators, installers, lenders and other market actors 
so	that	the	revised	definition	is:

Behavior	based	energy	efficiency	programs	are	those	
that	utilize	strategies	intended	to	affect	energy	use	
behaviors by consumers, operators, installers, lenders 
and other market actors in order to achieve energy 
or peak demand savings. Programs typically include 
outreach, education competition, rewards bench-
marking and feedback elements

Such programs may result in changes to habitual 
behaviors (e.g., turning off lights) or one time 
behaviors (e.g., changing thermostat settings). In 
addition, these programs may target purchasing 
behavior	(e.g.,	purchase	of	energy	efficient	products	
or	services)	often	used	in	combination	with	other	
programs) as well as other behaviors related to the  
selection, installation and operation of building 
systems.

While there are a number of different kinds of 
behavioral programs, there is an immediate need to 
develop protocols for three basic types of behavioral 
programs. These types include:

•	 Training/Capability	Building	Programs;	

•	 Information	Feedback	Programs;	and

•	 Education/Awareness	Campaigns;

These programs differ fairly dramatically in terms of 
the behavioral outcomes of interest and the mecha-
nisms that will be used to stimulate impacts. As a 
result, the details of the measurements that must be 
taken to assess impacts and approaches to experi-
mental design may differ somewhat from program 
type to program type. In the following sections, the 
different types of behavioral programs are discussed 
in detail along with current examples of such pro-
grams in the utility industry.
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7  Protocols for Evaluating Behavioral Programs        2. Types of Behavioral Programs

•	 Periodic Bill Alerts – weekly messages by email, 
SMS	and	IVR	informing	customers	of	their	 
usage up to a given date possibly in relation  
to a pre-established usage goal

•	 Triggered Bill Alerts – messages to consumers by 
email,	SMS	and	IVR	informing	consumers	that	
their usage is abnormally high or will exceed 
some	designated	value	that	they	have	identified	
in advance.

•	 Web based feedback – providing information about 
customer usage and tips on the web.

•	 In Home Displays – devices that communicate with 
advanced	meters	through	Zigbee,	Wi-Fi	or	inter-
net	and	display	electricity	and/or	gas	consump-
tion in various formats in near real time. 

•	 Home Area Networks – devices that allow customers 
to control thermostats, lights and motor loads in 
their homes and businesses using internet and 
smart phone apps. 

•	 Optimizing thermostats – similar to home area 
networks	except	that	they	are	designed	to	analyze	
customer demands for heat and cooling based 
on response to thermostat setting changes and 
discover and schedule the optimal operating 
schedule based on occupancy and observed  
temperature preferences. 

All of the above feedback mechanisms are being 
tested in utilities throughout the world using more 
or less robust evaluation practices. Some have been 
shown	by	replication	to	reliably	and	significantly	
alter customer energy consumption.

While it is self-evident that training key market 
participants should lead to improvements in the op-
erating	efficiency	of	critical	building	systems,	there	
is a surprising lack of empirical evidence supporting 
the proposition that such training encourages the 
installation	of	more	efficient	equipment	or	causes	
buildings	to	be	operated	more	efficiently.	Outcome	
measures	of	interest	for	training/capacity	building	
programs include:

•	 Subscription	rates	to	training	courses	(i.e.,	how	
many students are enrolled in training courses);

•	 Results	of	standardized	tests	used	to	assess	the	
ability of students to recall the material covered 
in the courses;

•	 Pass	or	certification	rates	for	students	taking	
courses; and

•	 Observed	of	the	energy	efficiency	of	systems	
installed	or	operated	by	students	before	and	after	
they were trained. 

2.2 Information Feedback Programs 

Feedback	is	an	important	element	in	any	effort	to	
control human behavior. As the old management 
saying goes, one cannot manage what one cannot 
measure. Correspondingly, feedback based energy 
saving programs have been under development in 
the utility industry for decades. Early examples of 
feedback programs include monthly volumetric 
electric bills; and reports to customers attempting to 
characterize	the	sources	of	their	energy	use	and	rec-
ommend actions to lower their bills (e.g., Xencap). 
While the above feedback mechanisms have been in 
the market for many years, more recently, attention 
has been focused on the following evolving feedback 
strategies:

•	 Periodic printed reports based on normative  

comparisons – periodic (monthly, semi-monthly 
or	quarterly)	reports	to	customers	comparing	
their energy use and costs with that of customers  
who are reputed to be neighbors or to be similar 
to the target customer. 
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Evaluation of results including estimation of changes 
in behavior by comparing survey responses from 
the	target	population	before	and	after	exposure	to	
the information campaign and change in energy use 
when possible

Outcome	measures	for	education/awareness	
programs normally include observed changes in 
reported behaviors, opinions, perceptions and 
knowledge regarding the issues that are the targets 
of the campaigns. However, in some circumstances 
it may be possible and desirable to directly measure 
changes in energy consumption arising from educa-
tion/awareness	campaigns.	This	can	occur,	for	exam-
ple for programs targeted at changing the energy use 
of	organizations	using	information	campaigns.

2.3 Education/Awareness Programs

Education and awareness programs have been a cen-
tral part of efforts to encourage energy conservation 
and	the	efficient	use	of	energy	for	decades.	These	
programs	vary	in	size	and	scope	from	societal	level	
efforts	like	the	Energy	Star	Change	a	Light,	Change	
the World Campaign program in the US (sponsored 
by the US Environmental Protection Agency) to 
smaller scale efforts by local and regional govern-
ments, local distribution companies and service 
organizations	focused	on	specific	market	segments	
(i.e., schools, municipal governments, business 
organizations,	etc).	These	education/awareness	pro-
grams have in common the fact that they typically 
involve a highly structured approach to developing 
and	transmitting	specific	messages	to	specific	target	
populations using well developed communications 
strategies. They usually involve:

•	 Planning	–	including	defining	the	goals	and	 
objectives	of	the	education/awareness	effort,	
assessing	resource	requirements,	obtaining	
resources	and	cooperation	from	organizational	
leadership,	assembling	a	project	team,	etc.

•	 Careful	design	and	implementation	of	an	 
information campaign including:

 •		 identification	of	specific	opinions,	 
 perceptions and behaviors that are to be 
 affected by the campaign;

 •		 formulation	of	specific	messages	that	are 
  to be transmitted using surveys focus  
 groups and other measures to evaluate  
 message content intended to change  
 behavior;

 •		 identification	of	channels	to	be	used	to	 
 transmit messages;

 •  determination of actions needed to bring  
 about the information campaign; and

 •  management of the campaign.
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9  Protocols for Evaluating Behavioral Programs        

The	methods	and	procedures	required	to	assess	the	
impacts of behavioral interventions on behavior 
and	energy	consumption	are	quite	different	from	
those	ordinarily	used	in	evaluating	energy	efficiency	
programs.	The	objective	of	behavioral	intervention	
programs is to alter behavior and thereby to alter 
energy use.  
The impact of the programs is two pronged –  
a (1) behavior change impact resulting in  
(2)	energy	savings	impact.	Both	of	these	aspects	of	
behavioral intervention programs should be thought 
of as program impacts; and they should be directly 
measured.	The	protocols	outlined	in	chapters	5-7	 
of this document outline the protocols that are  
to be used in assessing the impacts of behavioral 
programs.

Although	behavior	has	been	classified	within	the	
market effects paradigm historically, very little 
else from the market effects paradigm is useful in 
evaluating behavioral programs and the cost of true 
market effects evaluations makes them unattainable 
in the context of most behavioral program evalu-
ations. So it is best to simply treat the behaviors of 
interest as program impacts.

Evaluation	research	projects	for	behavioral	pro-
grams may also involve process evaluations, cost 
effectiveness evaluations or even market effects stud-
ies.	The	methods	required	to	carry	out	these	types	
of evaluations differ dramatically from one another 
and from the methods used in evaluating behavioral 
interventions. However, the methods and proce-

dures for carrying out market effects evaluations, 
cost effectiveness evaluations and process evalua-
tions for behavioral programs are the same as those 
used in the evaluations of all other types of energy 
efficiency	programs.	So	there	is	no	need	to	develop	
new protocols for carrying out these types of evalu-
ations in the context of behavioral intervention pro-
grams. Indeed, it is appropriate and necessary that 
the protocols for carrying out these kinds of studies 
for behavioral programs be the same as those used 
for	other	types	of	energy	efficiency	programs,	so	that	
the results of studies of these behavioral programs 
can be compared with those of standard energy  
efficiency	programs.	

In	the	event	that	behavioral	programs	require	
process evaluations, cost effectiveness analysis and 
market effects studies, standard protocols from  
OPA	EM&V	Protocols	and	Requirements	should	 
be applied.

The appropriate protocols for these types of  
evaluations are as follows:

•	 Process Evaluation Protocol –	OPA	EM&V	 
Protocols	and	Requirements,	Process	Evaluation	
Guidelines.

•	 Market Effects Protocol	–	OPA	EM&V	Protocols	and	
Requirements,	Market	Effects	Guidelines

•	 Cost Effectiveness Protocol – OPA Conservation  
and Demand Management Cost Effectiveness 
Guidelines

3. Types of Evaluations

In evaluating behavior intervention programs four types  
of evaluations may be undertaken including:
• Impact evaluations,
• Market effects evaluations, 
• Process evaluations, and
• Cost effectiveness evaluations.
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10  Protocols for Evaluating Behavioral Programs        

It is designed to be read and used by program man-
agers and analysts who need to understand the basic 
principles involved in program evaluation and the 
basic research strategies that are appropriate when 
evaluating	behavioral	programs.	For	parties	seeking	
a	more	in-depth	treatment	of	the	subjects	taken	up	
in this chapter we recommend reading the following 
books and technical reports: 

•	 Experimental and Quasi-Experimental Designs for 
Generalized Causal Inference by William Shadish, 
Thomas Cook and Donald Campbell; Haughton 
Mifflin	2002.	

•	 Evaluation	Measurement	and	Verification	
(EM&V	of	Residential	Behavior	Based	Energy	 
Efficiency	Programs:	Issues	and	Recommenda-
tions	by	Annika	Todd,	Elizabeth	Stuart,	 
Charles Goldman and Steven Schiller;  
SEEAction	Network	2012

•	 Guidelines	for	Designing	Effective	Energy	 
Information	Feedback	Pilots:	Research	Protocols:	
by Michael Sullivan and Stephen George; EPRI 
Report	1020855	2010

The	first	resource	above	is	an	excellent	high	level	
discussion of evaluation research design with par-
ticular	attention	to	the	application	of	quasi-exper-
imental designs to situations when it is impossible 
to	carry	out	randomized	experiments.	The	second	
resource is an excellent discussion of the issues that 
arise when evaluating programs designed to change 
behavior. The third resource provides protocols 
that are particularly useful for evaluating programs 
designed to alter consumer behavior using feedback.

The material in this chapter draws heavily from 
these resources and attempts to present a high  
level summary of all of the issues found in those 
resources.

4.1 Measuring Changes in Behavior  
– the Problem

Behavioral programs as set forth in the foregoing 
chapter are designed to cause changes in energy use 
related	behaviors	by	individuals	and	organizations.	
The behaviors of interest are myriad. Examples 
might include:

•	 Consumer	decisions	to	purchase	more	 
efficient	equipment;

•	 Consumer	decisions	to	use	more	or	less	electricity;

•	 Consumer	decisions	about	the	timing	of	their	
electricity use;

•	 Practices	used	by	HVAC	sales	and	service	techni-
cians	to	specify	the	size	and	design	of	new	and	
replacement	HVAC	systems;

•	 Actions	taken	during	the	installation,	mainte-
nance and operation of mechanical and lighting 
equipment;

•	 Choices	of	building	envelope	materials,	mechani-
cal systems and lighting systems made by design-
ers and builders of low-rise residential buildings 
which produce an embedded level of energy 
efficiency;

•	 Choices	of	building	practices	that	influence	 
energy consumption; and

•	 Choices	made	by	large	organizations	to	identify	
and	adopt	energy	efficiency	improvements.

4. Research Designs for Observing Impacts of Behavior Programs

This chapter is a basic introduction to the research design alternatives that are 
appropriate for assessing the impacts of behavioral intervention programs on 
behavior and related energy consumption. 
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As explained above, behavioral intervention 
programs	are	designed	to	change	specific	behav-
iors within the above categories by applying social 
science theories that suggest that changing the 
conditions under which behavior is occurring will 
modify it. It is reasonable to imagine that these 
interventions are capable of causing market actors 
to change their behavior resulting in a change in en-
ergy	consumption.	But	in	reality,	we	don’t	know	and	
cannot predict how much behavior change or change 
in energy consumption will occur without testing 
the effect of the intervention on the target persons 
or	organizations.	The central problem in evaluating 
behavioral programs is to discover how much change 
(if any) results when behavioral interventions are 
presented.

In virtually all cases in which an effort is made 
to change behavior, to measure the impact of a 
program on behavior we must discover what would 
have happened if the program had not existed. By 
comparing the behavior that is exhibited when the 
behavioral interventions are present (e.g., training 
or support) with the behavior that is exhibited in the 
absence of the interventions we can determine how 
much change in the outcome variable of interest  
(behavior or energy consumption) occurred as a 
result of exposure to the intervention.

The most robust strategy for assessing the impacts of 
an intervention on behavior is to create an experi-
ment in which it is possible to (1) ensure that the 
intervention occurs before the behavior change 
occurs;	and	(2)	ensure	that	no	other	causal	factors	
may have produced the change in behavior that is 
observed. Experimentation is not always possible, 
and when it is not, there are alternative methods 
--	generally	referred	to	as	quasi-experimental	
techniques	–	that	can	be	used	with	some	success	
to assess the impacts of interventions on behavior. 
These	techniques	are	almost	certainly	inferior	to	
experiments	in	virtually	all	cases	and	require	much	
more skill and talent on the part of researchers to 
reach valid conclusions, but sometimes they are all 
that can be done.

The protocols set forth in this document call for the 
use of both types of research designs – depending 
on the situation. When possible, experimental de-
signs involving random assignment of target market 
actors should be used. When this is not possible, 
quasi-experimental	techniques	should	be	used.	

These protocols are intended to provide guidance 
in the development of all kinds of training and sup-
port programs. As such they rest on the assumption 
that the evaluator understands the basic tenants of 
research and experimental design. The remainder 
of this chapter reviews the logical underpinnings of 
these	techniques.	

4.2 Principles of Experimental Design

Three conditions must be met in order to conclu-
sively prove that a behavioral intervention (e.g., 
providing training or support) has caused a change 
in behavior (e.g., use of best practices in design and 
installation	of	HVAC	systems):	

•	 The	behavioral	intervention	has	to	precede the 
behavior change in time. 

•	 The	behavioral	intervention	must	be	correlated 
with the behavior change – that is, when the in-
tervention is present the behavior change occurs, 
and when it is not present, the behavior change 
does not occur. 

•	 No	other	plausible	explanations	can	be	found	for	
the behavior change other than the intervention. 

An experiment is an actively controlled testing  
situation	designed	to	fulfill	these	conditions.	In	an	
experiment, the researcher controls the circum-
stances so that the outcome (i.e., behavior change) 
cannot occur before the causal mechanism is 
presented,	the	objects	on	which	the	intervention	is	
supposed to operate are observed with and without 
the treatment, and efforts are made to ensure that 
other plausible explanations for any changes in the 
objects	of	study	have	been	eliminated.	
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The simplest kind of experiment involves observing 
behavior	before	and	after	exposure	to	a	treatment	
(e.g., training). This is known as a pretest-posttest 
design. This kind of design is seldom employed be-
cause of weaknesses described below. However, it is 
useful as a framework for discussing the sources of 
inferential error that can arise when certain critical 
elements	of	experimental	design	(i.e.,	randomization	
of exposure to experimental treatments) are ignored.

During a pretest-posttest experiment, a number of 
things can happen that can result in changes in an 
outcome	variable	of	interest	(e.g.,	specified	size	of	
an	AC	unit)	that	are	not	a	direct	consequence	of	the	
treatment (e.g., training). The change in outcome 
variable of interest may look for all intents and 
purposes exactly like an effect that might have arisen 
from	the	treatment,	but	not	be	caused	by	it.	For	
example, in a simple comparison of annual kWh  
before	and	after	exposure	to	a	given	training	
process, there are a number of possible alternative 
explanations for differences that might be observed 
besides the effect of the training mechanism,  
including the following:

•	 History – when a difference in behavior is ob-
served	between	two	points	in	time,	it	is	quite	pos-
sible that the difference has been caused by some 
factor other than the experimental treatment 
variable. Weather is an example of a variable that 
might cause a difference in the application of an 
HVAC	installation	procedure,	since	air	flow	test-
ing cannot be conducted when the ambient tem-
perature	is	less	than	200C.	So	depending	on	the	
timing of the experiment, the effects of weather 
might mask the effect of the treatment or cause 
us to think the training had an effect when it did 
not. But weather is only one of many historical 
factors that could change and produce observed 
differences in behavior variables between two 
points in time, either masking effects that are at-
tributable to the intervention or producing effects 
that look like the effects of the intervention but 
are not.

•	 Maturation – when a difference in behavior is 
observed	at	two	points	in	time,	the	subject	of	
our observation has gotten older and it is pos-
sible that something about the aging process 
has caused the change in the behavior that is 
observed, and not the treatment. Maturation can 
influence	behavior	in	different	and	subtle	ways.	
For	example	sales	and	installation	technicians	
are	naturally	gaining	experience	during	and	after	
the time they receive training. Over the whole 
population of interest, this aging process in the 
population may produce an increase or decrease 
in the use of various installation practices or the 
resulting energy consumption of their instal-
lations that could mask an otherwise observ-
able effect of training or produce an effect that 
looks like something that might have resulted 
from training, but did not. It is possible that the 
observed	difference	before	and	after	training	is	
nothing more than the effect of increased experi-
ence that would have occurred with or without 
the training.

•	 Testing – when we observe a difference in behav-
ior at two points in time, it is possible that the 
testing process itself has altered the situation. 
When humans are involved in experiments, they 
sometimes react to the measurement process in 
ways that produce the appearance of a change in 
behavior resulting from treatment. An example 
of such a testing effect is what is known as a 
Hawthorne effect – named for a famous op-
erations research experiment in which worker 
productivity	increased	significantly	when	better	
lighting was installed not because of the lighting 
improvement,	but	because	the	subjects	knew	they	
were being observed. Testing effects can arise 
any time humans know they are being observed; 
and it is unusual for experiments with humans 
to be undertaken without their being aware of it. 
They are particularly likely to occur with repeated 
measures (e.g. classroom tests) in which it is 
possible	for	subjects	to	learn	the	correct	answers	
during the testing process. 

Research Designs for Observing Impacts of Behavior Programs
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•	 Censoring – censoring is like maturation except 
the observed effect of the experimental condition 
arises from the fact that some subset of a group 
of observations is not observable at the second 
time period (the post-test) for reasons unrelated 
to	the	experimental	condition.	For	example,	
in an experiment involving training, it is com-
mon for a certain percentage of trainees to move 
or withdraw from the training between initial 
assignment to treatment conditions and observa-
tion	of	the	behavior	of	interest	after	exposure	to	
the treatment. This causes the measurement of 
the outcome variable to become censored in the 
post-test period for a subset of the customers. If 
the group that has withdrawn from the experi-
ment is different from the remaining group on 
factors related to the outcome measurement of 
the study (e.g., younger and less experienced 
technicians are more likely to be laid off during 
a downturn), this difference may produce the 
appearance of a change in behavior when nothing 
more than censoring has occurred.

The above inferential problems all occur because 
conditions other than the treatment can cause 
changes in behavioral outcome measures (e.g.,  
installation practices or annual energy consump-
tion) when the effect is measured by comparing 
observations of a single group at two points in  
time	(i.e.,	before	and	after	exposure	to	training	or	
support).

•	 Instrumentation – when we observe a difference 
in behavior at two points in time, it is possible 
that the calibration of the instruments used to 
measure the behavior has changed – producing 
the appearance of a behavior change that is noth-
ing more than slippage in the calibration of the 
measuring instrument. Calibration problems can 
occur	with	all	kinds	of	instruments.	For	example	
if mechanical meters are changed to advanced 
meters during the course of an experiment, the 
improvement in the accuracy of the new meters 
will create the appearance of a change in behavior 
(for the worse). Calibration problems are even 
more likely to occur with survey instruments 
and other self-administered behavioral measures. 
Minor changes in instrument design between 
time periods of observation can produce appar-
ent (reported) differences between observations 
taken at different points in time that are solely 
due	to	respondents’	interpretation	of	survey	 
semantics	or	to	the	insertion	of	questions	that	
alter	the	interpretation	of	questions	seen	later	 
in the survey instrument. 

•	 Statistical Regression – when we observe a differ-
ence in behavior at two points in time, it may be 
that measurements taken in a second time period 
are different and closer to the statistical mean of 
the overall population than the initial, pre-treat-
ment, measurement. This difference can cause us 
to believe that an effect occurred as a result of the 
treatment or it can cause the effect to be masked. 
While statistical regression can affect any sort of 
pre-post measurement it is not likely to seriously 
influence	measurements	of	behavior	change	
related to training.
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The above seven problems are what have been 
described as threats to the internal validity of 
experiments.	If	left	uncontrolled,	they	are	plausible	
alternative explanations for why a difference might 
be	observed	at	two	points	in	time	(before	and	after	
exposure to an experimental condition) for a single 
group, and for why a difference between two groups 
exposed to a given experimental condition might 
occur. Establishing experimental procedures that 
ensure	internal	validity	is	a	critical	requirement	in	
experimentation. Experiments that are not internal-
ly	valid	(i.e.,	methodologically	flawed)	are	generally	
not useful because they do not conclusively show 
that the experimental variable is the sole cause of 
a change in the outcome variable. They are, at the 
minimum, a waste of time and money. They can lead 
to	more	damaging	outcomes	if	the	results	confirm	
some prior expectation of the result and therefore 
are	readily	accepted	without	additional	verification.

There	are	four	basic	“building	blocks”	of	 
experimental	design.	They	are	control,	stratifica-
tion, factoring and replication. Taken together these 
building blocks form a solid basis for constructing 
experiments designed to assess the extent to which a 
policy intervention has altered behavior in a desired 
manner. They are discussed below.

It is possible to eliminate these problems by chang-
ing the design of the experiment so that instead of 
comparing	the	reactions	of	a	single	group	of	subjects	
(e.g.,	trainees,	consumers	or	organizations)	at	two	
points in time, the impacts of the experimental 
variable are observed by comparing the behaviors of 
two different groups of subjects – one group exposed 
to the treatment and the other not exposed. If the 
groups are similar, they will experience the same 
history; mature in the same way; react to testing and 
instrumentation in the same manner, and experi-
ence the same censoring. In other words, all of the 
possible problems mentioned above will affect both 
groups in about the same way. The only difference 
between the groups will be the treatment and it 
therefore can be considered to be solely responsible 
for the observed difference in behavior. In doing so, 
the threats to experimental validity described above 
will be completely eliminated. 

Of course, the assumption that both groups are 
similar	is	a	very	big	“if ”.	The	drawback to inferring 
cause from differences between groups is that the 
groups may not have been exactly the same to begin 
with. If they were not, then any observed difference 
between	them	could	simply	reflect	the	pre-existing	
difference.	This	last	major	threat	to	internal	validity	
is called selection:

•	 Selection – this occurs when groups for which 
a comparison is being made (experimental vs. 
control)	are	significantly	different	before	the	
treatment group is exposed to the experimental 
variable. In this case, there is no basis to infer 
that the treatment was solely responsible for the 
differences	observed	after	exposure	to	the	treat-
ment. The most effective way of guaranteeing the 
assumption that the groups are similar is to ran-
domly	assign	subjects	to	treatment	and	control	
groups. However, as will become apparent below, 
because	it	will	often	be	impossible	to	randomly	
assign consumers to treatment and experimental 
groups in training experiments, selection is a 
potentially very important source of inferential 
error that must be controlled in experiments 
involving capacity building.
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is done by randomly assigning	subjects	to	compari-
son groups (i.e., treatment and control groups or 
levels of treatment). This occurs because the random 
variable	by	definition	is	extremely	unlikely	to	be	
correlated with any other variable. 

4.2.2 Stratification
In evaluating the impacts of a behavioral interven-
tion	on	energy	use	related	behavior	it	is	often	useful	
to observe the effects of the experimental treatment 
for	different	sub-groups	or	market	segments.	For	ex-
ample, in studying the effects of training, it might be 
useful to observe the magnitude of the effect of the 
training for different trades (i.e., sales technicians 
and installation technicians,). Breaking up experi-
mental groups (i.e., treatment and control groups) 
into sub-groups based on criteria that are observable 
in	advance	of	an	experiment	is	called	stratification.	

Table	4-1	describes	a	simple	experiment	involving	
stratification	on	trade.	

		Table	4-1:	Simple	Stratification	Example

Training No Training

Sales staff n1 n5

Installers n2 n6

In addition to providing useful information about 
the effects of experimental treatments within sub-
populations of interest (e.g., sales staff and install-
ers),	stratification	can	be	useful	for	reducing	the	
amount of statistical noise that is present when one 
is attempting to observe a change in behavior  
(particularly energy use) between treatment and 
control groups. This is so, because it is possible to  
reduce the variation in the measurements of the 
treatment and control group measures by observing 
the change in behavior within the sub-groups –  
ignoring the differences between the sub-groups. 

4.2.1 Control
Control is completely central to the design of 
experiments. By taking control of the timing and 
exposure	of	subjects	to	experimental	factors	thought	
to change behavior, it is possible to ensure that the 
experimental factor occurs before the onset of the 
desired behavior. Aside from the possibility that 
some other causal mechanism occurs at precisely the 
same time as the experimental factor, controlling the 
administration of causal factors makes the inference 
about the primacy of the experimental factor more 
or	less	unequivocal.	

Factors	that	are	thought	to	cause	changes	in	behav-
ior can be controlled in a variety of ways to observe 
their	effects.	Often,	causal	factors	are	treated	as	bina-
ry variables – they are either present or they are not. 
Sometimes they can take on a spectrum of values 
that	may	have	different	consequences	for	behavior	
(e.g., one might imagine for example training pro-
grams targeted at the same audience lasting different 
periods of time or being presented in different for-
mats). So it is possible to imagine experiments that 
range from very simple comparisons between the 
behaviors	exhibited	by	just	two	groups,	to	experi-
ments which contain numerous levels of exposure to 
an experimental factor.

A critical aspect of control in any experiment is the 
process used to assign customers to treatment and 
control groups or to groups exposed to different 
levels of the treatment variable. When groups are 
compared to observe an effect of a treatment, the 
most fundamental assumption is that the groups are 
sufficiently	similar	at	the	outset	of	the	experiment	
so	that	any	difference	after	exposure	to	the	experi-
mental factors can be deemed to have resulted from 
the factor and not some pre-existing difference. By 
controlling	the	assignment	of	experimental	subjects	
to treatment and control groups (or different treat-
ment levels) one can ensure that the groups assigned 
to experimental conditions are for all intents and 
purposes statistically identical before the experi-
mental factor (treatment) is presented. Typically this 
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Typically an experiment involving factoring is 
described as a matrix with the row and column vari-
ables containing the different levels of the treatment 
variables.	Table	4-2	describes	a	simple	factoring	
experiment in which two treatment variables with 
two levels are examined.

   Table 4-2: Simple Two Factor Experiment Example

Technology No Technology

Training n1 n3

No Training n2 n4

In	the	experiment,	subjects	would	be	randomly	
assigned	to	one	of	four	groups	n1-n4	in	sufficient	
numbers to be able to estimate the differences in the 
outcome behaviors of interest among the various 
groups.

The	difference	between	stratification	and	factoring	
is	that	stratification	is	simply	the	creation	of	test	
groups that are different in meaningful ways at the 
outset of the experiment while factoring involves the 
exposure	of	experimental	subjects	to	different	levels	
of treatment variables that have been nested to allow 
the estimation of treatment effects within levels.

It	is	possible	to	combine	stratification	and	factoring	
to create very complex experiments that can isolate 
the effects of experimental variables for different 
sub-populations. The temptation to create such 
complicated experiments involving many factors 
and strata should be approached cautiously because 
of	the	inherent	difficulties	encountered	in	carrying	
out complex experiments.

4.2.3 Factoring

Sometimes behavioral interventions consist of 
treatments	that	contain	more	than	one	factor.	For	
example,	it	is	often	the	case	that	behavioral	in-
terventions intended to change energy consump-
tion	contain	a	technology	component	(e.g.,	a	field	
computer	or	device	that	simplifies	application	of	
a given installation protocol) and an information 
component (e.g., training designed to encourage 
the application of best practices). In assessing the 
impacts of such a combined treatment it is necessary 
to structure the experiment in such a way as to allow 
for the estimation of:

•	 The	interaction between the technology and the 
training in changing the behavior of the sub-
jects	under	study.	An	interaction	is	a	situation	
in which the presence of one factor multiplies 
the	effect	of	the	other.	For	example,	an	interac-
tion between technology and training would be 
present if the effect of these two factors taken 
together was greater than the effect that would 
occur	if	their	individual	effects	were	just	added	
together.

•	 The	main effects of the treatment variables (e.g. 
technology and training). The main effect of 
a treatment is the effect that occurs solely as a 
result of exposure to the treatment variable alone 
– separate from any impact that might occur as 
a result of combining that treatment with some 
other factor. 
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4.3.1 Randomized Controlled Trials RCT
The RCT is an evaluation research design in which 
experimental	subjects	are	randomly	assigned	to	
treatment and control groups; and the results 
observed for the groups are compared to discover 
whether the treatment has caused a change in 
behavior. The process of random assignment causes 
the resulting groups to be statistically identical on 
all characteristics prior to exposure to the treatment 
to	within	a	knowable	level	of	statistical	confidence	
given	the	sample	sizes	being	employed.	This	is	true	
because each and every observation being assigned 
to both groups has the same probability of being as-
signed	to	each	group	(i.e.	1/n;	where	n	is	the	number	
of	total	subjects	being	assigned.)	The	mathematical	
consequence	of	this	assignment	constraint	is	that	the	
treatment and control groups will be more or less 
statistically	identical	after	the	assignment	process	
is complete. That is, the groups will contain about 
the same percentage of males and females, have the 
same average age, come from the same geographical 
locations, have about the same amount of prior years 
of experience – and so on and so on and so on for 
virtually all the variables one can imagine – whether 
we can observe these variables or not. 

Of course, because sampling is involved, the above 
statement is true to the extent that relatively large 
samples are involved and even then only to within 
a	certain	level	of	statistical	confidence.	Indeed,	any-
thing can happen in the real world – which means 
that even with truly random assignment with large 
samples it is possible to create treatment and control 
groups that are not statistically identical. So it is 
good practice to check to make sure the groups that 
will be studied in an RCT are indeed more or less 
identical at least on the outcome variable before they 
are administered the treatment. It is also advisable 
to obtain and include pre-test measurement for both 
the treatment and control groups on the outcome 
measures of interest to control for any pre-treatment 
differences that may occur on the outcome variable 
of interest.

4.2.4 Replication
Perhaps the single most important tool for evalu-
ating the impacts of behavioral interventions is 
replication. Replication is said to occur when the 
conditions involved in an experiment are repeated 
in	order	to	confirm	that	a	result	which	has	been	
reported can be repeated by a different investigator, 
in a different setting, at a different time and under 
different circumstances. If the reported effect can 
indeed	be	repeated	there	is	reason	to	be	confident	
that the reported result is robust and did not arise 
by accident or because of something the investigator 
did that was not reported in the results of the study. 

While replication is seldom described as something 
individual investigators should consider in design-
ing evaluations it is a very powerful tool that should 
be	used	to	assess	the	veracity	of	research	findings	at	
the program level; and in evaluations of behavioral 
interventions, investigators should be encouraged 
to structure their studies in such s way as to pro-
duce replications. It is particularly useful in situ-
ations where multiple experiments can be carried 
out in different geographical locations (e.g., among 
the	various	Local	Distribution	Companies	(LDCs)	
implementing	programs)	sequentially	or	simultane-
ously. Evaluators carrying out behavioral experi-
ments	across	multiple	LDCs	should	be	encouraged	
to design their experiments as replications of a 
single administration.

4.3 True Experiments

True experiments are research designs in which the 
evaluator has control over the exposure of experi-
mental	subjects	to	treatments.	There	are	three	kinds	
of	true	experiments	–	Randomized	Controlled	Trials	
(RCT),	Randomized	Encouragement	Designs	(RED)	
and Regression Discontinuity Designs (RDD). These 
research designs provide the most robust tests of the 
impacts of behavioral interventions on energy use 
related behavior. They are discussed below.
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•	 Rejection	–	human	subjects	virtually	always	have	
the right to withdraw from a treatment to which 
they have been experimentally assigned. They 
may withdraw for reasons that are unrelated to 
the experimental treatment or they may with-
draw because of the treatment. In either case, 
outmigration from the treatment and control 
groups may invalidate the effect of the initial 
random assignment and care must be taken to 
ensure that observations for out-migrants are 
properly handled. If the number of customers 
who	reject	the	treatment	becomes	large	(i.e.,	
more	than	1	or	2	percentage	points)	then	it	is	
necessary	to	analyzed	the	results	of	the	experi-
ment as though it was a RED design.

When regulatory policies or concern about cus-
tomer experience prohibit the arbitrary assignment 
of	subjects	to	experimental	conditions,	it	may	still	be	
possible to randomly assign customers to treatment 
conditions by using one of the following research 
tactics:

•	 Recruit and deny	–	experimental	subjects	are	
recruited to an experiment with the understand-
ing that participation is not guaranteed (e.g., 
is contingent on winning a lottery). In such a 
situation,	subjects	are	told	that	the	experimental	
treatment is in limited supply and that they will 
be placed in a lottery to decide whether they will 
receive it. The lottery winners are chosen at ran-
dom and winners are admitted to the treatment 
group while losers are assigned to the control 
group.	Losers	may	be	offered	a	consolation	prize	
to reduce their disappointment in not being 
chosen for the lottery. As long as the transaction 
cost involved in participating the lottery are not 
too	high,	this	strategy	can	overcome	objections	
that stakeholders may have to randomly assign-
ing	subjects	to	test	conditions.	This	approach	
is particularly useful when the experimental 
treatment (e.g., an attractive new technology) is 
in limited supply so that it can be argued that the 
fairest	way	to	distribute	the	benefit	is	to	distribute	
it randomly to interested parties.

RCT	designs	are	often	referred	to	as	the	“gold	stan-
dard” of research designs to be applied to observ-
ing behavior change. Several reasons underlie this 
designation. They are:

•	 Validity – an RCT controls for most of the above 
described threats to internal validity – most im-
portantly for selection bias or the possibility that 
the groups under study were somehow different 
before the experimental factor was presented.

•	 Simplicity – analyses of results obtained from RCT 
designs are simple and straightforward and do 
not	rely	heavily	on	assumptions	about	specifica-
tion	of	estimation	equations	or	error	structures.	
They	are	often	as	simple	as	a	difference	in	differ-
ences	calculation.	Consequently,	the	estimated	
impacts derived from studies employing RCTs do 
not depend heavily on the skill or artfulness of 
the analyst.

•	 Repeatability – because these designs are relatively 
simple, it is possible to accurately recreate the 
conditions under which observations were taken 
thereby making replication easy.

Despite these obvious advantages, there are sev-
eral	aspects	of	RCT	designs	that	require	caution	
in	application.	First,	the	assignment	of	subjects	to	
experimental treatments does not guarantee that the 
groups that are eventually observed in an experi-
ment	are	equivalent.	There	are	two	easy	ways	in	
which the initial random assignment may be invali-
dated during the course of an experiment. They are:

•	 Volunteer Bias	–	randomly	assigning	subjects	to	
treatment and control groups in which treatment 
group	members	must	agree	to	participate	after	
assignment can result in treatment and control 
groups that are very different. This is the essence 
of selection, so care must be taken to ensure that 
significant	numbers	of	randomly	assigned	sub-
jects	do	not	migrate	out	of	the	study	between	the	
time they are randomly assigned and the time the 
results	of	the	treatment	are	observed.	If	subjects	
must	volunteer	for	the	treatment	or	acquiesce	
to it, then random assignment to treatment and 
control groups should occur after they have vol-
unteered or agreed to be in the study.
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of exposure to the training among volunteers in the 
encouraged group by more intensively marketing 
the training program to them. The encouragement 
might include: more intensive efforts to contact and 
recruit contractors; providing economic incentives for 
participation; or reducing transaction costs associated 
with subscribing to the treatment. 

The impact of the treatment is estimated by compar-
ing the outcome variable of interest for the random-
ly selected encouraged group with the same out-
come variable for the randomly selected group that 
was not encouraged. This comparison is referred to 
as an intention to treat analysis, as it focuses on mea-
surement of the difference in the behavior between 
those who were intended to be treated and those 
who were not intended to be treated. Because en-
couragement was randomly assigned, any difference 
between the encouraged and not encouraged group 
must necessarily have resulted from the fact that 
the encouraged group contains more parties who 
received the treatment. Because we know the accep-
tance rate in the encouraged group, it is possible to 
inflate	the	observe	difference	between	the	outcome	
of interest in the encouraged and not encouraged 
group to obtain a reliable estimate of the average 
impact of the treatment on those who received it.

The analysis of the impact of the encouragement 
and treatment is straightforward algebra and the 
results are easily explained. So, one is tempted to 
conclude	that	the	RED	design	is	a	“silver	bullet”	for	
overcoming	the	difficulties	that	are	often	cited	with	
the application of RCT designs in evaluations related 
to energy use behavior. Unfortunately this is not 
the case. As in the case of the RCT design, there are 
certain cautions that must be observed when imple-
menting a RED design.

•	 Recruit and delay – like the recruit and deny 
design	experimental	subjects	are	recruited	to	an	
experiment with the understanding that partici-
pation in the first year is contingent on winning 
a lottery. The lottery winners are chosen at 
random and winners are admitted to the treat-
ment	group	in	the	first	year.	Losers	are	assigned	
to a control group which is scheduled to receive 
the treatment in the second year. This approach 
can	be	implemented	without	causing	significant	
customers dissatisfaction. However, because the 
control group must also receive the treatment in 
the second year, it will result in higher cost for 
equipment	and	support	than	the	recruit	and	deny	
approach.

4.3.2 Randomized  
Encouragement Designs RED
Sometimes regulatory or administrative consider-
ations	require	that	all	subjects	who	are	eligible	to	
receive some behavioral intervention must receive it 
if	they	desire	it.	For	example,	administrative	policy	
might	dictate	that	all	qualified	HVAC	technicians	
have access to training that would result in their 
receiving	a	certificate	that	can	provide	competitive	
advantage	or	may	be	required	to	provide	certain	
contracting services. In such a situation it is virtu-
ally impossible to deny some contractors access to 
the supposed behavioral intervention to create a 
legitimate control group. 

It	is	possible	to	create	a	legitimate	randomized	
experiment when all parties in the market must be 
eligible for treatment by employing what is known 
as	a	Randomized	Encouragement	Design	(RED).	
In a RED design the treatment (e.g., training) is 
made	available	to	everyone	who	requests	it.	How-
ever, while all contractors are eligible for training, a 
subset of the eligible contractors is randomly chosen 
to	receive	significantly	more	encouragement for 
seeking the training than the control group, (which 
is not encouraged). If the demand for the training 
is relatively low (in the absence of encouragement) 
it	may	be	possible	to	significantly	increase	the	rate	
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fact imposes powerful limits on the usefulness of 
RED designs. Depending on the magnitude of the 
targeted behavior change and the effectiveness of 
encouragement,	the	RED	design	may	require	much	
larger	sample	sizes	in	treatment	groups	than	the	
conventional RCT. In cases where the effect of the 
treatment on behavior and the acceptance rate for 
the treatment are in the single digits, the sample 
sizes	required	to	detect	the	resulting	difference	
between the behavior in the encouraged and not 
encouraged groups may be so large as to be practi-
cally impossible to observe.

In most cases, with training programs that involve 
at	most	hundreds	of	subjects,	the	usefulness	of	
RED designs will depend heavily on the ability of 
evaluators to develop effective encouragement and 
even then these designs should be used only when 
relatively large impacts on behavior and energy use 
are expected.

4.3.3 Regression Discontinuity Designs
In the two true experimental designs discussed 
above	(RCT	and	RED)	subjects	are	randomly	as-
signed to experimental groups – thereby establish-
ing their statistical similarity. Under certain circum-
stances,	assignment	of	subjects	to	treatments	can	
be	non-random	provided	subjects	are	assigned	to	
treatment and control groups precisely on the basis 
of their score on an interval level variable such as 
age, years of experience, number of annual installa-
tions completed, etc. Such an experiment is called 
a Regression Discontinuity Design (RDD). In an 
RDD, everyone above or below some point (the dis-
continuity) on the selected interval scale is assigned 
to the treatment group, and everyone else is assigned 
to the control group.

First,	the	RED	design	rests	on	the	assumption	that	
the	only	factor	that	is	influenced	by	the	encour-
agement applied to the encouraged group is the 
acceptance	of	the	treatment.	While	it	is	difficult	to	
imagine circumstances in which encouragement to 
participate in a training program or receive organi-
zational	support	would	result	in	other	actions	that	
changed behavior or energy consumption, it is logi-
cally possible that encouragement stimulates some 
other actions that either enhance or attenuate the 
observed effect of the treatment; and this possibility 
should be considered in deciding whether to employ 
a RED design. 

A second and more important caution in apply-
ing RED designs arises out of the likely increase in 
sample	sizes	required	to	detect	effects	using	a	RED	
design. In a RED, the measurement of the impact of 
the treatment on behavior is diluted because some 
(in many cases most) of the parties who were en-
couraged to be treated did not accept the treatment. 
So, it is possible that only a small portion of the 
subjects	who	are	encouraged	to	be	treated	actually	
accept it. Nevertheless they are counted as intended 
to be treated. The larger the fraction of the group 
that was intended to be treated that does not receive 
the treatment, the more muted the measurement of 
the treatment effect will be, and vice versa. So, for 
example if 5% of the population normally accepts 
the	treatment	without	encouragement;	and	20%	of	
the population accepts the treatment with encour-
agement, then it can be said that the encouragement 
has	significantly	increased	the	rate	of	acceptance	of	
the treatment. However, the impact of the treatment 
on the outcome measures in the encouraged group 
will	be	based	on	the	responses	of	only	20%	of	sub-
jects	who	actually	received	the	treatment.	So,	if	the	
actual behavior change for individuals receiving the 
treatment is 1 unit, then the difference that will exist 
between the encouraged group and the not encour-
aged	group	will	be	only	0.2	units.	This	mathematical	
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Figure 4-1: Example of Regression DiscontinuityIt	is	possible	to	specify	a	regression	equation	de-
scribing the relationship between the assignment 
variable and the outcome variable of interest in the 
experiment. It might be that the outcome measure 
increases with the value of the assignment variable, 
decreases	with	it,	or	doesn’t	vary	systematically	with	
the	outcome	variable	at	all.	It	doesn’t	matter.	In	fact,	
it	can	be	shown	that	the	RCT	is	just	a	special	case	of	
the RDD where the assignment variable is a random 
number (e.g., everyone above a certain point on the 
random number distribution is assigned to the treat-
ment group and everyone else to the control group).

The impact of the treatment variable in an RDD is 
observed by examining the regression function at 
the point at which the assignment was determined. 
Figure	4-1	displays	an	example	of	a	regression	
discontinuity	analysis.	The	top	panel	of	the	figure	
displays the relationship between the assignment 
variable and the outcome variable for the experi-
ment when no effect is present. The assignment in 
this example takes place at the scale value 50. In the 
top panel the regression line continues unperturbed 
at the assignment value (as indicated by the vertical 
line in the center of the plot). There is no disconti-
nuity indicating that there is no difference between 
the treatment and the control groups.

The bottom panel shows what the regression line 
might look like if the treatment caused a change in 
the outcome variable of interest. In such a situation 
there is a discernible discontinuity at the point on 
the assignment scale at the value of 50. The differ-
ence in the post-test score values at the intersection 
of the two regression lines depicted in the bottom 
panel is the effect of the treatment. This effect is 
illustrated	in	Figure	4-1	by	the	difference	on	the	
horizontal	axis	between	the	projections	of	the	two	
intersection points on the vertical discontinuity 
indicator.
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4.4 Quasi-experiments

It is not always possible to control the assignment of 
observations to treatment and control conditions. 
Often,	evaluators	are	given	the	task	of	evaluating	the	
impacts	of	a	behavioral	program	after	key	marketing	
and enrollment decisions have been made. It is also 
impossible to use true experiments when treatment 
condition of interest is compulsory (everyone is 
required	to	be	exposed	to	the	treatment),	or	when	
observations have the ability to select whether or not 
they	are	subjected	to	the	experimental	condition.	
These problems commonly occur in experiments 
involving training. 

When assignment to the treatment condition is not 
under the control of the experimenter, the design 
of experiments is much more complicated than it is 
with true experiments. When observations are ran-
domly assigned to treatment and control conditions 
(or assigned on the basis of a pre-existing interval 
level variable) as is the case with the true experi-
ments all plausible alternative explanations (e.g., 
history, maturation, etc.) for an observed effect are 
logically and mathematically eliminated. When this 
is	not	so,	it	is	necessary	to	structure	the	experiment/
analysis in such as way to observe whether these 
alternative explanations are plausible, measure their 
magnitude, and if possible, control for them analyti-
cally.	This	is	the	domain	of	quasi-experiments.

It should be clear that the decision to abandon ran-
dom	assignment	can	have	profound	consequences	
for the internal validity of an experimental design. 
It places a much heavier burden on the researcher 
to	show	that	the	study’s	findings	are	not	the	result	
of some unknown and uncontrolled difference be-
tween	the	treatment	and	synthesized	control	groups.	
It	can	be	the	first	step	down	a	slippery	slope	that	
leads to an endless and irresolvable debate about the 
veracity	of	the	study’s	findings.

The RDD is an extremely powerful tool that can be 
used	when	subjects	must	be	assigned	to	treatment	
conditions	based	on	some	pre-existing	qualification.	
It controls all of the possible alternative explanations 
for the observed program effect. However, there are 
certain	important	caveats	that	must	be	met	to	justify	
using this design:

•	 Assignment	to	the	treatment	must	be	strictly	
determined by the assignment variable. Even the 
slightest	deviation	from	this	requirement	will	
undermine its validity.

•	 Care	must	be	taken	to	remove	any	crossovers	
among	experiment	subjects	from	the	analysis	
(i.e., sometimes parties will migrate into the 
treatment group from the control group and  
vice versa). 

•	 Care	must	be	taken	to	ensure	that	the	functional	
form	of	the	regression	is	correctly	specified.	If	the	
relationship in the estimated regression is speci-
fied	as	linear,	but	in	fact	the	underlying,	predicate	
relationship is not, the regression discontinuity 
analysis may incorrectly interpret the point of 
inflection	on	the	non-linear	function	as	a	discon-
tinuity, resulting in a serious estimation error.

•	 Likewise,	if	the	treatment	interacts	with	the	
assignment variable, so that the slope of the 
regression line changes at the assignment variable 
due	to	the	treatment	effect	(causing	a	jackknife	
shaped function), and the function is not proper-
ly	specified	as	such,	this	will	cause	a	serious	error	
and one in which the effect of the experimental 
treatment will be seriously underestimated. Pro-
tecting	against	this	possibility	requires	estimating	
non -parametric (nonlinear) regression func-
tions, which imposes an additional complexity.
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This is done by a process called matching. Match-
ing	is	a	very	old	idea	and	dozens	of	slightly	different	
matching procedures have been tested over the past 
several decades. Matching is a highly controversial 
procedure for developing control groups because it 
is impossible to guarantee that a matching effort (no 
matter how sophisticated) has successfully created a 
control group that is similar to the treatment group 
in all important respects. 

Recent professional practice favors the use of what is 
called propensity score matching – a procedure that 
attempts to match control observations with treat-
ment observations based on an estimate of the prob-
ability	that	subjects	were	selected	for	(or	selected	
themselves into) the treatment group. This tech-
nique	requires	estimation	of	the	probability	of	selec-
tion into the treatment group using a logit regres-
sion model containing as many known predictors of 
treatment group participation as can be found. 

In simple terms, a logit model is a type of regression 
model designed to predict the probability that some-
thing happens (e.g., signing up for training) based 
on information about readily observable indepen-
dent variables that may be correlated with selection 
into	the	treated	group	(e.g.,	firm	size,	years	of	expe-
rience, expressed interest in training, etc.) Once the 
parameters in the logit model have been estimated, 
members	of	the	treatment	group	and	other	subjects	
who are not part of the treatment group are assigned 
propensity scores based on their characteristics and 
the	model	parameters.	Treatment	group	subjects	
and others are then matched according to the values 
of those scores. Once matching has been completed, 
the results from the treatment and control groups 
in	the	experiment	are	analyzed	in	exactly	the	same	
manner in which the results from true experimental 
designs	are	analyzed.	

There	are	several	types	of	quasi-experimental	de-
signs that are particularly important in behavioral 
experiments involving training. They vary according 
to their robustness (the extent to which they can 
achieve the credibility of a random experiment) and 
difficulty	in	their	execution.	They	are:	

•	 Non-equivalent	control	groups	designs

•	 Interrupted	time	series	designs

•	 Within	subjects	designs

4.4.1 Non-equivalent  
Control Groups – Matching
In	true	experiments,	subjects	are	assigned	to	treat-
ment and control groups in such a way that they 
are either known to be statistically identical prior 
to exposure to the treatment factor (as in the case 
of the RCT and RED designs) or are different in a 
way that is perfectly measured and thus capable of 
being statistically controlled. It is not always possible 
to implement true experiments for reasons already 
discussed; and for cost and practical reasons it 
may	be	necessary	to	select	control	groups	after	the	
subjects	to	be	treated	have	been	selected.	These	are	
called	non-equivalent	control	group	designs.	They	
are	called	non-equivalent	control	group	designs	
because the estimates of the impacts of treatment 
factors from such designs rests on a comparison of 
treated	subjects	with	subjects	who	are	identified	in	
such a way that we can never be certain that they are 
truly	equivalent	to	the	treatment	group	subjects.	The	
results	obtained	from	non-equivalent	control	group	
designs	are	analyzed	in	exactly	the	same	manner	as	
they are with true experiments.

The	objective	of	a	non-equivalent	control	group	
design	is	to	identify	a	control	group	of	subjects	that	
is as similar as possible to the treatment group based 
on pre-existing information we have about parties 
who	are	eligible	for	the	treatment.	Non-equivalent	
control groups are created by selecting control group 
members	from	the	same	population	(e.g.,	firms,	
business types, markets, regions, cities, trades, etc.) 
from which the treatment group came based on 
their similarity to members in the treatment group. 
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Under some circumstance it is possible to avoid this 
problem. The solution rests in comparing what hap-
pens	to	experimental	subjects	in	the	presence	of	and	
in the absence of treatment. That is, it rests on ob-
serving the effect of the treatment (e.g., training) by 
comparing the behaviors exhibited by experimental 
subjects	before	the	treatment	is	presented	and	after;	
or when it is at high levels vs. low levels. In this way, 
the	subjects	in	the	experiment	serve	as	their	own	
control group. This experimental design is called a 
Within	Subjects	design.

The	defining	characteristic	of	a	within	subjects	
design	is	that	each	and	every	experimental	subject	
is exposed to all levels of the experimental factors 
under study as well as the absence of the experi-
mental factor (i.e., the control condition). Under 
the appropriate conditions this is a very powerful 
quasi-experimental	design	because	it	completely	
eliminates the possibility of selection effects because 
it completely eliminates the control group.

Matching methods by themselves are to be used 
with caution because they are prone to the introduc-
tion of bias that cannot be anticipated or measured. 
However compelling the results based on experi-
ence, intuition, or other indicators of a treatment 
effect,	an	experiment	involving	non-equivalent	
control groups does not provide incontrovertible 
evidence that the observed effect is attributable 
solely to the treatment. That said, this may be all that 
is possible under some circumstances.

4.4.2 Within Subjects
All of the preceding experimental designs rest on 
the comparison of the behavior exhibited by groups 
of	subjects	who	have	been	exposed	to	treatment	
with behavior exhibited by groups that have not 
been exposed to a treatment (control groups). The 
difference between the behaviors exhibited by the 
two	groups	(exposed	and	not	exposed)	reflects	the	
effect of the experimental treatment. 

The principal threat to the validity of such designs 
is the possibility that the groups were different in 
some way that produced the appearance of a treat-
ment effect when one did not really exist. In the true 
experiments, this threat to validity is eliminated by 
controlling the assignment to treatment and control 
groups in such a way as to ensure that the compari-
son groups are statistically identical or different 
in ways that are known with certainty. However, it 
is not really possible to control for this possibility 
when	non-equivalent	control	groups	are	used	as	the	
standard of comparison. That is, it is always possible 
that	non-equivalent	control	groups	are	different	
from the treatment groups in some important way 
before the onset of the experimental treatment. This 
problem is inherent in the comparison of treatment 
and control groups to infer the effect of the experi-
mental treatment.
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Like	all	comparisons	that	rest	entirely	on	observing	
the	difference	in	behavior	before	and	after	exposure	
to treatment the interrupted time series designs are 
subject	to	several	weaknesses	that	can	undermine	
the validity of the inference that observed change 
has been caused by the experimental treatment. 
Most important among these weaknesses is the 
possibility that the observed change in the intercept 
or slope in the time series may have been caused by 
something other than the treatment (i.e., an exog-
enous but contemporaneous factor with historical 
antecedents). It is also possible that some aspect of 
the testing process that is coincident with the deliv-
ery of the experimental factor is responsible for the 
observed change (e.g., a Hawthorne effect). 

To control for such intervening explanations, a vari-
ety	of	quasi-experimental	control	techniques	can	be	
employed,	including:	the	use	of	non-	equivalent	con-
trol	groups	as	described	above,	adding	non-equiv-
alent dependent variables (i.e., other variables that 
are expected to be impacted by the same historical 
forces as the dependent variable but not the treat-
ment factor), and manipulating the presentation of 
the treatment factor (adding and removing it) to ob-
serve the impact on the outcome variable. The latter 
is only appropriate when the effect of the treatment 
factor is expected to be transient. In the parlance of 
statistics,	these	designs	are	a	type	of	within	subjects	
or repeated measures design.

4.4.3 Interrupted Time Series
Another	quasi-experimental	design	that	is	ap-
propriate to studies of the impact of behavioral 
interventions on energy use related behavior is the 
interrupted time series design. An interrupted time 
series design consists of repeated measures of the 
behavior	of	interest	before	and	after	a	treatment	has	
been administered. This design is particularly useful 
when	variables	related	to	usage	or	other	frequently	
measured behaviors are under study – thereby creat-
ing the opportunity to observe the time series of 
measurements. 

The basic idea behind interrupted time series 
designs is that if the onset time of the treatment is 
precisely known, it should be possible to observe 
and	quantify	a	perturbation	in	the	time	trend	of	the	
outcome	variable	(energy	use	related	behavior)	after	
the onset of the treatment. In other words, there 
should be a measurable change in the functional 
relationship between the treatment and the outcome 
variable	after	the	treatment	is	started.	In	a	sense,	this	
is analogous to regression discontinuity, where time 
is the selection indicator. This design depends on 
several important considerations:

•	 The	onset	time	of	the	treatment	can	be	 
definitively	established	(i.e.,	it	is	definitely	known	
that treatment commenced abruptly at a time 
certain).

•	 The	effect	of	the	treatment	must	be	large	enough	
to rise above the ambient noise level in the 
outcome	measurement	(time	series	data	often	
contain	cycles	and	random	fluctuations	that	
make	it	difficult	to	detect	subtle	effects	of	time	
trend	influences).

•	 If	the	treatment	is	expected	to	have	gradually	
impacted the outcome of interest, the time series 
before	and	after	the	treatment	must	be	long	
enough	to	reflect	the	change	in	the	intercept	or	
slope	of	the	outcome	variable	after	the	treatment	
has occurred.

•	 The	number	of	observations	in	the	series	must	
be large enough to employ conventional correc-
tions for autocorrelation if statistical analysis is 
required	(as	it	almost	always	is).
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The OPA currently has a number of capacity build-
ing programs under development. These include:

•	 Residential builder training – training and incentives 
designed to encourage residential builders to 
incorporate	energy	efficiency	and	green	attributes	
into new residential buildings. Program is target-
ed at company executives, designers, marketing 
staff, site superintendents, framers and insulators.

•	 HVAC installation optimization training – training and 
incentives	to	HVAC	contractors	to	encourage	
them to apply best practices in designing and 
installing residential and small commercial air 
conditioning and heat pump installations.

•	 Energy Manager Training – training for energy man-
agers working in large commercial or industrial 
organizations.	

•	 Energy Efficiency Service Provider Support Initiative – 
support to energy service providers and support 
organizations	for	delivering	energy	services	to	
various	market	segments	(e.g.,	health	care,	refin-
ing, forestry, mining, etc.). Services will include: 
identification	of	savings	opportunities,	prepara-
tion of energy management plans, assistance in 
identifying and promoting incentive programs 
and applying for incentives, promotion of effec-
tive energy management practices, and delivery 
of training, outreach and advice regarding  
opportunities for energy savings.

While it is self-evident that training key market 
participants should lead to improvements in the op-
erating	efficiency	of	critical	building	systems,	there	
is a surprising lack of empirical evidence supporting 
the proposition that such training can encourage the 
adoption	of	more	efficient	technology,	ensure	that	
equipment	is	properly	installed,	will	cause	buildings	
to	be	operated	more	efficiently	or	cause	significant	
energy saving measures to be adopted by organi-
zations.	This	is	so	because	the	existing	paradigm	
for	evaluating	energy	efficiency	programs	doesn’t	
provide	for	a	reasonable	means	for	quantifying	the	
impacts of these and other efforts to alter energy 
consumption by changing behavior.

There are two basic types of capacity building 
programs in the mix of programs supported by OPA 
– training programs and segment support programs. 
Training programs are, as the name suggests, gener-
ally involve classroom training courses intended to 
enhance the ability of various actors in the market 
to cause reductions in energy use. The training 
varies dramatically from market actor to market 
actor, but the intended outcome is the same – re-
ductions in energy consumption. Segment support 
programs	provide	specialized	consulting	services	
to different market segments (e.g., government and 
industries) to assist them in identifying opportuni-
ties	for	achieving	energy	savings,	planning,	financial	
assessments, management presentations and other 
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5. Evaluating Training/Capacity Building Programs

Capacity building programs are social interventions designed to lower energy  
consumption in residential and commercial buildings by providing training and technical 
assistance to various market actors who design, install, operate and service systems  
that influence energy consumption in buildings; and by providing expert advice to organi-
zations to assist them in identifying and implementing energy efficiency improvements.
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•	 Estimate the average improvement in energy efficiency 

that results from providing training to the target market. 
For	example,	in	the	case	of	the	HVAC	installation	
contractor	training,	this	could	be	done	by	analyz-
ing	the	difference	in	estimated	energy	efficiency	
of installations completed by each trainee before 
and	after	exposure	to	the	treatment.	This	will	
produce	an	estimate	of	the	average	uplift	in	en-
ergy	efficiency	(e.g.,	annual	kWh	savings,	SEER)	
that results from exposure to training.

•	 Assess the persistence of the effect of the training. It is 
possible that trainees will cease to use the practices 
they learn in training as time passes. Therefore, it 
is	important	to	follow	up	with	trainees	after	signif-
icant	time	has	passed	(i.e.,	1-2	years)	to	determine	
how much the effect of the program is decaying. 
This may suggest the need for refresher courses or 
other actions to resent the effect of the program; or 
at	a	minimum	an	adjustment	will	have	to	be	made	
in the long term expected savings resulting from 
the program.

•	 Observe any spillover effects that may have occurred 

because of training. It is possible (even likely) that 
useful practices learned directly in training will 
be transferred from trainees to other workers as 
time goes on. This should be expected because 
skilled	workers	often	use	first-hand	experience	
to	teach	their	colleagues	useful	practices.	For	
example,	in	the	case	of	the	HVAC	installer	train-
ing,	it	might	very	well	be	the	case	that	journey-
man	HVAC	workers	who	receive	the	training	will	
train the apprentices in their companies or even 
other apprentices in their trade working in differ-
ent	companies	to	apply	the	techniques	they	learn	
in the classroom. 

services that may enhance the rate at which energy 
efficiency	investments	are	achieved.	The	objective	of	
these	programs	are	to	inject	expertise	into	organiza-
tions to help them overcome institutional and other 
hurdles that may impede the adoption of energy 
efficiency	projects	in	complex	investment	environ-
ments.	Different	evaluation	strategies	are	required	
for these two types of programs

To assess the effects of training programs on the 
market one must:

•	 Establish the current state of the art and resulting 

energy efficiency for the market actions of interest.	For	
example,	in	the	case	of	HVAC	installation	it	is	
necessary to determine what the typical installa-
tion practices in the market are for establishing 
system	sizing,	matching	coils	to	air	handling	
systems	and	determining	appropriate	air	flow	
before training is offered. This effort will provide 
an understanding of the need for training as 
well as the magnitude of the energy savings that 
could result from a program designed to improve 
practices. This can be done in a variety of ways. 
It is usually done by interviewing practitioners 
to discover the practices they are using. Delphi 
groups, focus groups and surveys are used to col-
lect information. In some cases (as in the case of 
HVAC	contractor	training)	this	work	may	have	
already been done at the time the evaluation is 
undertaken. In other cases this may not be the 
case and it will need to be undertaken.

•	 Estimate the effectiveness of the training program in 

changing the knowledge, skills and abilities of those 

exposed to training. This is an empirical study de-
signed to determine the effectiveness of the train-
ing program in changing knowledge, opinions 
and	practices	in	the	market.	For	example,	in	the	
case	of	an	HVAC	installation	training	program	
this might be done by observing installations 
that	were	done	before	and	after	training;	or	by	
classroom exercises and tests intended to test the 
knowledge	of	trainees	before	and	after	exposure	
to the training. 
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To assess the impact of segment support programs 
one must:

•	 Identify	the	market	segments	that	should	be	or	
are being targeted (e.g., municipal governments, 
state governments, universities and colleges, 
school systems, forest products, mining, mineral 
extraction,	real	estate,	etc.)	and	the	organiza-
tions	inside	those	segments	that	have	significant	
potential	for	energy	efficiency	improvements.	
The purpose of this task is to identify the poten-
tial targets of the program. This information is 
useful both in directing the work of the energy 
efficiency	solutions	providers	and	in	assessing	the	
extent which their efforts are being directed at 
high value targets for evaluation purposes.

•	 Estimate	the	effectiveness	of	the	service	delivery	
system	in	overcoming	barriers	to	the	identifica-
tion	and	adoption	of	energy	efficient	technol-
ogy. This is a very challenging problem. Energy 
savings potential will vary dramatically from 
sector	to	sector	and	within	sector	from	organiza-
tion	to	organization.	Moreover,	the	service	can	
only	be	delivered	to	organizations	that	volun-
teer to accept it and it is undoubtedly the case 
that	organizations	that	volunteer	are	inherently	
more likely to identify and implement energy 
efficiency	improvements	than	those	that	do	
not.	Correspondingly,	it	will	be	very	difficult	to	
identify	organizations	to	serve	as	control	groups	
for purposes of identifying the effectiveness of 
the program. Probably the best way to establish 
control groups for the segment support programs 
is to divide up the service area geographically and 
make segment support available to some areas  
and not to others. In this way it would be possible 
to	compare	the	rates	at	which	organizations	of	
different	types	are	implementing	energy	efficien-
cy improvements for the different geographical 
locations.  

A	number	of	empirical	measurements	are	required	
to address the above issues. Most of the measure-
ments	required	to	evaluate	training	programs	
involve	surveys	of	trainees	taken	before	and	after	
exposure to training; survey measurements of 
parties who do not undergo training (i.e., control 
groups); and in some cases survey measurements of 
physical facilities (e.g., installed systems affected by 
the actions of trainees. In many cases it will be pos-
sible and highly desirable to carry out experiments 
in which the outcomes of market actions taken by 
those who have received training (e.g., installations) 
are compared with outcomes of market actions 
taken by those who have not received training.

Unlike the training initiatives described above the 
segment support programs are designed to improve 
energy	efficiency	by	providing	consulting	exper-
tise	to	specific	organizations	(e.g.,	municipalities,	
schools, hospitals, industries, etc.) to help them 
identify	cost	effective	energy	efficiency	investments	
and implement them. The outcome measures of 
interest for these initiatives is not a better educated 
and	more	qualified	workforce	but	an	accelerated	
rate	of	adoption	of	energy	efficient	technology	by	
specific	organizations.	In	other	words,	the	effect	of	
the segment support programs is not to improve the 
knowledge	of	the	organizations	that	are	being	served	
by EE specialists, it is to use the efforts of these spe-
cialists to overcome institutional barriers that im-
pede	adoption	of	more	energy	efficient	technologies	
in	organizations.	This	sort	of	program	is	particularly	
challenging to evaluate because very little about the 
implementation of the program can come under the 
control	of	the	evaluator.	That	is,	it	is	difficult	to	craft	
a true experimental design that can be practically 
implemented in the context of such a program.
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Describe the Capacity Building Program:

•	 Type of Program – Training or Segment  
Support

•	 The	target	population	(i.e.,	in	the	case	of	train-
ing identify market actors that are targeted, in 
the	case	of	segment	support	identify	the	specific	
market segments that are being targeted)

•	 The	behavior(s)	that	is/are	targeted	for	modifica-
tion	(e.g.,	design	practices,	system	specification,	
building design, construction practices, installa-
tion,	operations,	organizational	decisions,	etc.)

•	 The	mechanism(s)	that	is/are	expected	to	change	
behavior (e.g. education, feedback, training, 
indoctrination,	organizational	change	etc.)

•	 Whether	presentation	of	the	hypothesized	behav-
ioral	change	mechanism(s)	is/are	under	the	con-
trol of the evaluator (i.e., whether the evaluator 
can decide which members receive the behavior 
change mechanism and which do not)

•	 The	outcomes	that	will	be	observed	(i.e.,	adop-
tion of technology, adoption of practices, sales of 
efficient	technology,	energy	consumption,	rebate	
requests,	information	system	access	attempts).

The	answers	to	the	above	questions	should	be	no	
more than a page in length each and should describe 
the	behavioral	program	in	sufficient	detail	to	permit	
discussion of the experimental design alternatives 
with stakeholders. 

While	all	of	the	above	questions	are	important	for	
identifying an appropriate research design for a be-
havioral outcome evaluation, none are more impor-
tant	than	question	no.	4	–	i.e.,	whether	the	exposure	
to the behavior change mechanism can be brought 
under	the	evaluator’s	control.	If	the	presentation	of	
the treatment can be controlled, then it is possible 
to	employ	true	experiments	and	reach	definitive	
conclusions about the effectiveness of the behavioral 
mechanism at relatively low cost. If it is not possible 
to control the presentation of the treatment, then 
it will be necessary to evaluate the program using 
quasi-experimental	techniques	which	are	inherently	
less reliable than the true experiments and rest on 
assumptions that may or may not be tenable.

So for example, if there are 50 municipalities in 
one area and 50 in another, and segment sup-
port is only offered in one area and not in the 
other, it would be possible to compare the rates 
at which the municipalities in the different areas 
are	implementing	energy	efficiency	improvement	
plans as well as the resulting savings. Any effort 
to	quantify	the	effectiveness	in	the	absence	of	the	
establishment of such a control group will be sub-
ject	to	selection	effects	and	therefore	will	produce	
a biased estimate of the effect of the program.

•	 Estimate	the	uplift	in	energy	efficiency	that	
results from providing assistance. Plans that are 
actually implemented will usually incorporate re-
bates or incentive payments and the calculations 
required	to	obtain	these	incentives	can	be	used	
to estimate the resulting energy savings. It should 
be possible to assess the claimed savings result-
ing	from	the	plans	made	by	organizations	and	if	
necessary to verify the accuracy of those claims. 
The	magnitude	of	the	uplift	must	be	judged	in	
terms of the increase in energy savings over and 
above the savings that occur in locations where 
the segment support programs are not offered.

5.1 - Protocol 1:  
Define the Situation

The	first	step	in	research	design	is	to	develop	a	clear	
understanding of the purpose of the evaluation 
research and the context in which it is being carried 
out. In general, it is expected that the evaluator and 
project	manager	for	the	behavioral	intervention	will	
work	collaboratively	to	answer	the	questions	raised	
in this protocol. So, the application of this protocol 
is actually a task in which the parties who are car-
rying out and evaluating the training program work 
collaboratively	to	literally	define	the	research	design.	
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controlled experiments; and to convince them to 
accept	the	highest	level	of	control	possible.	For	this	
reason it is appropriate and necessary to plan to 
carry	out	the	work	required	to	implement	Protocol	1	
collaboratively	with	the	project	manager.	The	answer	
to	the	question	that	follows	is	critical	to	the	eventual	
design of the evaluation and will in large measure 
govern the usefulness of the study results.

Table	5-1	identifies	the	level	of	control	you	believe	 
is	possible	in	assigning	the	treatment	to	subjects	 
and why.

Provide a brief discussion of factors that  
led you to this conclusion. 

This	discussion	should	not	exceed	five	pages	and	
should carefully state your reasons for concluding 
that your level of control is as indicated in section 
5.1.4.	The	purpose	of	this	element	of	the	protocol	
is to demonstrate that the evaluation team has 
carefully	analyzed	the	design	of	the	program	in	an	
effort	to	identify	opportunities	to	create	randomized	
experimental groups and has reached their deci-
sion on the level of control based on a good faith 
effort to attempt to achieve maximum control over 
the	assignment	of	subjects	to	treatment	and	control	
groups and that you and your client understand  
the	consequences	of	the	level	of	control	you	have	
identified.

Exposure to the treatment may be outside the evalu-
ator’s	control	for	a	variety	of	reasons.	For	example,	
the program may have already been implemented 
or	be	underway	when	the	evaluator	is	first	intro-
duced to the problem. So, the treatment may have 
already been presented to the target audience. It is 
also sometimes the case that regulators prescribe the 
delivery	of	treatments	–	requiring	that	all	eligible	
parties receive a given behavioral treatment (e.g., 
access to training); and sometimes utility manage-
ment are reluctant to deprive parties who are seek-
ing access to behavioral programs – either because 
they do not want to disappoint them or because they 
want to achieve maximum effect of the behavioral 
intervention. These and other considerations may 
limit the control of the delivery of the experimental 
treatment	of	subjects	in	impact	evaluations.	The	type	
of and robustness of the experimental design that 
can be implemented depend entirely on the extent 
of control the evaluator has over the assignment of 
subjects	to	treatments.	

Program	managers	and	other	stakeholders	often	re-
sist controlling the delivery of treatment to custom-
ers. They suspect or know that depriving customers 
of treatments they desire can create an unpleasant 
customer experience that may cause problems for 
them	and	their	superiors.	So	it	will	often	be	neces-
sary to educate these parties about the need for 
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   Table 5-1: Appropriate Experimental Designs Based on Ability to Control

Ability to Control Appropriate Experimental Design

Able to randomize presentation of treatment – mandatory  

assignment of subjects to treatment and control conditions
Randomized Controlled Trial (RCT)

Able to deny treatment to volunteers – mandatory assignment  

of volunteers to treatment and control conditions
RCT using recruit and deny tactic

Able to delay treatment to volunteers – mandatory assignment  

of volunteers to treatment and control conditions
RCT using recruit and delay tactic

Able to randomly encourage subjects to  

accept treatment
Randomized Encouragement Design (RED)

Able to assign subjects to treatment based on qualifying  

interval measurement (e.g., income, usage, building size, etc.)
Regression Discontinuity Design (RDD)

Unable to assign subjects to treatments Quasi-experimental designs
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In general, this protocol is designed to identify all 
of the different types of physical measurements that 
must be taken in order to assess the impacts of the 
behavioral intervention. These measurements might 
include:

•	 Measurements	from	tracking	systems	recording	
the progress of marketing efforts indicating who 
received program offers, what channels the offers 
were transmitted through, how many offers were 
sent, what content they received and if and when 
they responded to the offers.

•	 Records	of	participation	in	rebate	and	other	 
programs that may identify actions taken by 
subjects	in	response	to	the	program

•	 Measurements	from	surveys	of	consumers	 
or	other	market	actors	taken	before	and	after	
exposure to treatments.

•	 Measurements	from	tests	given	to	trainees	before	
and	after	exposure	to	training.

•	 Measurement	of	energy	consumption	before,	
during	and	after	treatment	for	treatment	and	
control groups

5.2 - Protocol 2:  
Describe the Outcome Variables  
to be Observed

Among other things, Protocol 1 (Section 5.1.1) 
requires	the	evaluator	to	describe	the	behaviors	that	
are	to	be	modified	by	the	intervention.	Observations	
of	two	basic	outcomes	will	be	required	–	behavior	
changes and energy savings. Behaviors of inter-
est will vary with the design of the intervention. 
For	example,	the	training	for	HVAC	contractors	is	
designed	to	change	several	very	specific	behaviors	
carried out by sales and installation technicians – 
procedures	used	to	estimate	equipment	size	require-
ments,	procedures	used	to	select	the	size	of	coils,	
procedures	used	to	establish	air	flow	and	several	
other	activities.	For	other	training	programs	the	
behaviors	of	interest	may	be	different.	For	segment	
support programs offering EE solutions, the behav-
iors will be very different – including changes in the 
behavior	of	organizations	such	as	adopting	energy	
efficiency	investment	plan	and	operating	plans	and	
investments	in	recommended	energy	efficiency	
investments.

In	Protocol	2,	the	evaluator	is	required	to	explicitly	
describe the measurements that will be used to 
observe the behaviors of interest before, during and 
after	exposure	to	the	intervention.	There	are	two	
broad categories of measurements that arise in the 
context of evaluating behavioral interventions – ob-
servations of behavior or actions taken in response 
to interventions and observations of the impacts of 
the intervention on energy consumption. 

Protocol	2	consists	of	a	series	of	questions	that	are	
designed to produce an exhaustive list of outcomes 
that will be measured in the evaluation. As discussed 
earlier, this list may evolve iteratively if the initial 
evaluation	design	and	the	budget	required	to	 
assess all of the treatments and outcomes of interest 
exceeds what is available, and therefore not every-
thing of interest may be pursued. 
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Please	describe	the	behavioral	outcomes	of	interest	in	the	study,	the	operational	definitions	that	 

will be used to measure them.

Complete	Table	5-2	in	as	much	detail	as	possible	describing	all	of	the	behavioral	and	energy	savings	outcomes	
that	are	expected	to	occur	as	a	result	of	the	program	along	with	operational	definitions	of	each	outcome.
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  Table 5-2: Table Caption

Behavioral Outcome Operational	Definition

Training Programs

•	 e.g.	HVAC	Installation	Contractor	 

Training Program

•	 Improved	performance	in	carrying	out	 

best practices in calculating system size  

requirements and applying other technical  

and non-technical practices involved in  

installation. 

Behavior Measures

•	 Comparison	of	actual	work	before	and	after	training	or	

treated and control trainees, 

•	 written	test	of	trainee	knowledge	before	and	after	training,	

•	 comparison	of	knowledge	and	opinions	(as	measured	by	

test) of trainees and comparison group

Training Programs

•	 Energy	savings	resulting	from	 

improved performance from  

training

Savings Measures

•	 Comparison	of	average	SEER	of	systems	installed	by	 

treatment and control groups before and after training

•	 Estimated	annual,	monthly,	hourly	energy	savings	given	

average SEER difference

•	 Estimated	difference	in	peak	kW	if	any	by	hour

•	 Other	energy	consumption	measurements

Segment Support Programs

•	 e.g.	EE	solutions	support	 

to Municipal Governments

Behavior Measures

•	 Rate	of	acceptance	of	assistance	in	treatment	groups

•	 Expressed	interest	in	assistance	for	control	groups

•	 Comparison	of	rate	of	adoption	of	different	types	of	

energy efficiency solutions (e.g., energy efficiency plans, 

financial analysis, management presentations, measures 

adopted) for treatment and control groups

Segment Support Programs

•	 Energy	savings	resulting	 

from solutions

Savings Measures

•	 Comparison	of	annual	energy	consumption	for	treatment	

and control organizations before and after treatment
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5.3 - Protocol 3:  
Delineate Sub-segments of Interest

Capacity Building programs are sometimes targeted at multiple audiences (e.g., trades or disciplines in the case 
of training programs and market segments in the case of EE solutions segment support programs). If there is a 
desire	to	understand	how	the	program	affects	different	market	segments,	it	is	important	to	recognize	these	dif-
ferent	segments	during	the	design	process.	Protocol	3	requires	the	evaluator	to	identify	all	of	the	segments	that	
are of interest in the study.

Complete the following table in as much detail as possible describing all of the segments that are of interest 
in the evaluation. Be careful to limit the segments to those that can be observed for both the treatment and 
control	group	before	subjects	are	assigned	to	treatment	groups.	For	example,	it	is	possible	to	determine	in	ad-
vance	of	treatment	whether	a	person	working	in	a	given	HVAC	contracting	firm	is	a	sales	agent	or	an	installer.	
This might be a useful segmentation variable, as there is some evidence that these two disciplines approach the 
installation	of	new	equipment	differently.	It	is	also	important	to	limit	the	number	of	segments	so	that	30-100	
observations can be taken within each segment and treatment level.

Please describe all of the segments that are of interest in the study.

In	Table	5-3,	please	use	one	line	for	each	segment	of	interest.

  Table 5-3: Segments of Interest

Segments of Interest

Training Programs 

(e.g., different jobs, different sized organizations, different business types, etc.)

Segment Support Programs 

(e.g., different types of organizations (municipal governments, school systems, state government  

departments), different industries (forest products, light manufacturing, etc.)
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5.4- Protocol 4:  
Define the Research Design

Protocol	4	is	designed	to	guide	the	experimental	design	process	by	asking	evaluators	to	answer	key	questions	
designed to identify the theoretically correct design, as well as the practical realities that confront real-world 
social	experimentation.	When	completing	these	questions,	it	may	be	useful	to	refer	to	Section	5	of	this	docu-
ment	as	a	guide	to	selecting	the	experimental	design	that	best	supports	the	treatments,	objectives,	and	practical	
realities	associated	with	the	specific	experiment	under	consideration.

Please answer the following questions. 

Please	use	Table	5-4	to	complete	your	answers.

  Table 5-4: Questions on Behavior Measures 

Question
Behavior  
Measures

Energy Consumption 
Measures

Will	pre-treatment	data	be	available?

Does the appropriate data already exist on all  

subjects,	or	do	measurements	need	to	taken	in	 

order	to	gather	pre-treatment	data?

How	long	of	a	pre-treatment	period	of	data	collection	 

is	required?

Is a control group (or groups) required for the  

experiment?

Is it possible to randomly assign observations  

to	treatment	and	control	groups?

  

Using the framework outlined in Chapter 4, describe the evaluation research design that  

will be used during the evaluation. 

This description should explain what type of research design will be used (e.g., RCT, RED, Regression Discon-
tinuity,	Non-Equivalent	Control	Groups,	Within	Subjects,	etc.)	It	should	describe	the	treatment	groups	and	
control groups and any segmentation (e.g., by trade or industry group) that is contemplated. In the case of true 
experiments,	the	design	should	be	presented	in	a	table	of	the	kind	presented	in	Section	5.2.2	where	treatments	
are described on the column headings and segments are described on the rows. If random assignment is either 
inappropriate or impossible to achieve, the description should explicitly discuss how suitable comparison 
groups	will	be	identified	or	how	the	design	otherwise	provides	a	comparison	that	allows	an	assessment	of	the	
impact of the treatment on behavior and energy consumption.

34  Protocols for Evaluating Behavioral Programs        5. Evaluating Training/Capacity Building ProgramsFiled: September 7, 2017, EB-2017-0150, Exhibit I, Tab 1.1, Schedule 2.04, Attachment 2



Defining the Target Customer Population
Often	it	will	not	be	necessary	to	extrapolate	the	
results of the experiment to a larger population of 
interest. That is, it may not be necessary to general-
ize	the	results	from	a	given	experimental	test	of	a	
training program to all possible parties who might 
be exposed to it. Instead, the purpose of the experi-
ment may simply be to observe the effect of the 
treatment on the population of parties who were ex-
posed to it. In this case it is not necessary to sample 
observations from the entire population of possible 
participants.

However, if the results of the experiment are to 
be statistically extrapolated to a larger popula-
tion outside the experiment, then it is necessary to 
draw a representative (i.e., random) sample from 
the available population, and the sample has to be 
structured so that it is possible to calculate meaning-
ful estimates of the population level impacts using 
appropriate sampling weights. To calculate weights 
for purposes of extrapolation, it is necessary to have 
a list of the members of the population of interest, 
to sample randomly from that list before assigning 
customers to treatment and control conditions, and 
to carefully observe any selection effects that might 
emerge in the sampling process so that the extrapo-
lation	can	be	adjusted	to	take	account	of	them.

If	precise	measurements	are	needed	for	specific	sub-
populations	(e.g.,	certain	trades	or	organizations	
in different industries), then it may be necessary to 
over-sample these customers to ensure that enough 
observations are present in relevant cells to pre-
cisely estimate the impacts of the treatment. These 
are called sampling strata or blocks as described in 
Section	3.

5.5 - Protocol 5:  
Define the Sampling Plan

Once the appropriate experimental design has been 
selected, a sample plan must be developed. Obvi-
ously, experimental design and sampling go hand in 
hand. While an in depth discussion of sample design 
would	lead	us	far	afield	of	the	focus	of	research	
design, there are certain critical issues that have to 
be addressed in any sample design used to study the 
impacts of behavioral interventions. They are:

•	 Are	the	results	of	the	research	intended	to	be	
extrapolated beyond the experimental setting to 
a broader population (e.g., all parties involved in 
the	installation	of	HVAC	systems	in	the	region	
served by OPA)?

•	 Are	there	sub-populations	(strata)	for	which	 
precise	measurements	are	required	(e.g.,	sales	
agents and installation technicians)?

•	 What	is	the	absolute	minimum	level	of	change	
in the dependent variable(s) that is meaningful 
from a planning perspective (e.g., 1.5 SEER point 
improvement	in	performance	of	installed	HVAC	
systems)?

•	 How	much	sampling	error	is	permissible	 
(e.g., + or - .1 SEER point)?

•	 How	much	statistical	confidence	is	required	for	
planning purposes (e.g., 90%)?

•	 Are	pre-treatment	data	available	concerning	
outcome variable(s) of interest?

The	answers	to	the	above	questions	will	greatly	
influence	the	design	of	the	samples	to	be	used	in	the	
study. They cannot and should not be answered by 
the	sampling	statistician.	The	answers	to	these	ques-
tions must be informed by the policy considerations. 
They have to be made by the people who will use 
the information to make decisions given the results. 
Once	these	requirements	have	been	developed,	a	
sampling expert can then determine the sample 
composition	and	sizes	needed	to	meet	the	 
requirements.
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Type I – Statistical Significance  
or Confidence
It is possible to calculate the likelihood of commit-
ting a Type I error from information concerning the 
inherent variation in the population of interest (the 
variance),	the	required	statistical	precision	(as	de-
scribed	above),	and	the	sample	size.	This	probability	
– called alpha – is generally described as the level 
of	statistical	significance	or	confidence.	It	is	often	
set	to	5%	so	that	the	sample	size	for	the	experiment	
is such that there is no more than 5% chance (one 
chance	in	20)	of	incorrectly	concluding	that	there	
is a difference between the treatment and control 
group	of	a	given	magnitude,	when	there	really	isn’t	
one. However, as in the case of statistical precision, 
the	selection	of	alpha	is	subjective;	it	depends	on	the	
experimenter’s	taste	for	risk.	It	could	be	set	to	1%	or	
10%	or	any	other	level	with	attendant	consequences	
for	confidence	in	the	results.	For	training	and	 
segment support studies, it should probably be set 
to 5%. 

Precision of the Estimates
A	critical	requirement	in	developing	a	sample	design	
for any sort of experiment is a clear understanding 
of the minimum threshold of difference (between 
treated and not treated customers) that is consid-
ered meaningful from the point of view of those 
who will be using the results in program planning. 
As	discussed	below,	the	size	of	the	difference	that	
will be considered to be meaningful has profound 
implications	for	the	required	sample	size.	In	general,	
the smaller the difference that must be detected, 
the	larger	the	sample	size	(of	treatment	and	control	
group customers) needed to detect it. If the cost of 
the program is known or can be estimated, it is pos-
sible to identify the minimum change in energy use 
that	would	be	required	to	justify	investment	in	it.	
For	example,	suppose	a	5%	reduction	in	energy	use	
would	be	required	to	justify	investment	in	a	given	
training	program	in	order	for	the	benefits	to	out-
weigh	the	costs.	The	sample	sizes	for	treatment	and	
control conditions should be set so that a difference 
of at least 5% can be reliably detected 80-95% of the 
time.	A	related	issue	that	also	influences	the	sizes	of	
samples	required	in	an	experiment	is	the	quantity	
of sampling error that is tolerable from the point of 
view of planning. 

In	analyzing	the	results	obtained	from	a	statisti-
cal experiment, it is possible to make two kinds of 
inferential errors arising from the fact that one is 
observing samples. One can incorrectly conclude 
that there is a difference between the treatment and 
control	groups	when	there	isn’t	one	(because	of	
sampling variation). This is called a Type I error. Or 
one	can	incorrectly	conclude	that	there	isn’t	a	differ-
ence when in fact there is one. This is called at Type 
II error. The challenge in designing experimental 
samples	is	to	minimize	both	types	of	errors.	This	is	
done	by	choosing	sample	sizes	that	minimize	the	
likelihood of these errors.
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Please	answer	the	following	questions	 
pertaining to sample planning:

1. Are the measurements from the experiment to 

be extrapolated to a broader population? 

a. If yes, indicate whether the sample will be 
stratified	and	what	variables	will	be	used	in	the	
stratification.

b.  If no, describe the list of parties from which the 
sampling will be obtained. 

2. Are precise measurements required  

for sub-populations of interest?

a.  If yes, describe the sub-populations for which 
precise measurements are desired. 

3. What is the minimum threshold of difference 
that must be detected by the experiment? 

4. What is the acceptable amount of sampling error 
or statistical precision and acceptable level of 
statistical	confidence	(i.e.,	90%,	95%,	99%)?	

5. Will participants be randomly assigned to  
treatment and control conditions or varying 
levels of factors under study? 

a.	 If	yes,	do	you	expect	subjects	to	select	 
themselves into the treatment condition? 

b. If so, how will you correct for this selection 
process in the analysis and sample weighting? 

6. If subjects will not be randomly assigned to 
treatment and control conditions or varying 

levels of factors under study: 

a. Describe the process that will be used to select 
customers for the treatment group(s). 

b. Describe the process that will be used to select 
customers for the control group, and explain 
why this is the best available alternative for cre-
ating	a	non-equivalent	control	group.	

7. If no control group is used, explain how the 
change in the outcome variables of interest will 

be calculated.

Please indicate the proposed sample sizes  

(within	the	treatment	cells)	for	the	study.

If	experiments	are	contemplated	(true	or	quasi- 
experiments) please use the table format provided 
in	4.2.2	to	describe	the	distribution	of	sample	
across treatment cells and strata.

Type II – Statistical Power
Type II error is the converse of Type I error –  
concluding that the treatment made no difference 
when	in	fact	it	did.	For	a	given	population	variance,	
specified	level	of	statistical	precision	and	sample	size,	
the probability of incorrectly concluding that there 
isn’t	a	difference	when	indeed	there	is	a	difference	is	
determined by the choice of alpha (the probability 
of	making	a	Type	I	error).	All	other	things	equal,	the	
lower the probability of making a Type I error, the 
higher the probability of making a Type II error. In 
other	words,	for	a	given	sample	size,	the	more	sure	
we	want	to	be	that	we	are	not	incorrectly	finding	a	
statistically	significant	difference,	the	less	sure	we	can	
be	that	we	have	missed	a	statistically	significant	differ-
ence. The likelihood of making a Type II error can 
be calculated for a given experiment and generally 
decreases	as	sample	size	increases.	The	likelihood	of	
avoiding a Type II error is generally referred to as the 
statistical power of the sample design. The statisti-
cal	power	used	in	calculating	required	sample	sizes	
for	experiments	is	subjective	and,	in	modern	times,	
has generally been set at about 90%. That is, it is set 
so that only one time in ten will the experimenter 
incorrectly	conclude	that	there	isn’t	a	difference	of	a	
specified	magnitude	when	indeed	there	is	one.	For	
Capacity Building experiments, statistical power 
should probably be set at 90%.

The analysis approach used to estimate impacts can 
also	have	a	significant	impact	on	sample	sizes.	For	
example, sampling can be much more statistically 
efficient	if	the	effect(s)	of	the	treatment(s)	are	being	
measured as differences (e.g., pre-test, post-test) of 
ratios or as regression estimators. This is true because 
the variance of these parameters in populations under 
study	is	usually	quite	a	bit	smaller	than	the	variance	
of the raw variables, and the smaller the inherent 
variance of the measurements of interest, the smaller 
the	required	sample	size.	As	discussed	below,	panel	
regression methods with pre-test, post-test experi-
mental	designs	can	significantly	reduce	sample	sizes.	
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5.6- Protocol 6:  
Identify the Program Recruitment Strategy

Most	capacity	building	programs	will	require	outreach	to	the	community	of	eligible	participants	to	recruit	
them to participate in training or support programs. At a minimum, the evaluation must carefully describe the 
recruiting process used to attract program participants. 

Please answer the following questions in Table 5-5 regarding the recruiting process and its outcome.

   Table 5-5: Questions on Recruiting Process and Outcome

Question Answer

Describe the eligibility criteria  

for the program

e.g.,	participants	must	be	actively	employed	HVAC	sales	 

or	installation	technicians	with	more	than	5	years	of	experience	 

in the industry

What	is	the	estimated	number	of	eligible	 

parties in the region under study
e.g.,	10,000	total	(sub-groups	unknown)

How	were	participants	recruited	to	the	 

program
e.g.,	flyers	were	mailed	to	all	currently	licensed	HVAC	 

contractors in the region

Were	participants	randomly	assigned	 

to treatment and control conditions

e.g., yes, because of limited availability ½ of interested  

parties	were	randomly	admitted	into	the	program	in	the	first	 

year	and	the	reminder	was	asked	to	wait	for	training	until	 

the	following	year

If	there	were	sampling	strata	indicate	 

the number of participants recruited  

into each strata and group

e.g.	100	sales	technicians	in	treatment,	100	HVAC	installers	 

in	treatment,	100	sales	technicians	in	control	and	100	HVAC	 

technicians in control

It is sometimes the case that multiple recruiting processes are being tested during the evaluation program and 
that	one	of	the	objectives	of	the	evaluation	is	to	evaluate	recruitment	strategy	alternatives	and	identify	the	most	
cost-effective approach for purposes of program design, taking into consideration both the number of enrollees 
as well as the average savings per customer. 

If	different	recruiting	strategies	are	being	tested	as	part	of	the	program	please	answer	the	following	questions:

•	 Describe	each	of	the	recruiting	options	that	are	being	tested	in	the	program	including	how	potential	par-
ticipants	are	being	identified,	how	they	are	being	contacted,	what	they	being	told,	whether	they	are	being	
offered incentives and any other pertinent information.

•	 Describe	the	research	design	that	is	being	used	to	assess	the	effectiveness	of	alternative	recruiting	strategies	
including: the type of experimental design being employed (e.g., RCT, RED), how customers are sampled for 
the recruitment and how many potential participants are being selected for each recruiting test.

•	 Describe	how	the	results	of	the	recruiting	strategy	tests	will	be	analyzed	statistically.
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8. What is the minimum amount of time the  
effect of the treatment must persist to  
cost-justify	investment	on	the	part	of	the	utility?

9. If the duration of the experiment is shorter than 
the expected persistence of the treatment how 
will the determination be made as to whether 
the effect of the feedback persists long enough to 
be cost effective? 

10. How much time is needed between when the 
research plan is completed and approved, and 
when treatments are in place for experimental 
participants? 

11.	How	much	time	is	required	between	when	the	
final	data	are	obtained	from	the	experimental	
observations and when the analysis can be  
completed?

5.7- Protocol 7: 
Identify the Length of the Study

In evaluating a behavioral intervention it is impor-
tant	to	understand	the	expected	time	required	to	
carry out the various aspects of the intervention, the 
expected onset time for the effect of the treatment 
and	its	expected	persistence	after	initial	treatment.	
These considerations will determine the length of 
time	that	is	required	to	assess	the	impact	of	the	
treatment and thereby determine the length of time 
for which the situation must be observed. 

Please answer the following questions  

pertaining to the experimental time frame.

1. Is it possible to observe the impacts of the treat-
ment for at least two years? 

2.	 If	no,	how	will	the	persistence	of	the	effect	be	
determined? 

3.	 Do	pre-treatment	data	for	the	relevant	variables	
already exist or must time be allowed to obtain 
pre-treatment data? 

4.	 If	pre-treatment	data	do	not	already	exist,	how	
long must the pre-treatment period be to support 
the	experimental	objectives?

5.  If pre-treatment data do not already exist, can 
the experiment be conducted using only post-
treatment	data,	and	what	adjustments	to	sample	
design	will	be	required	to	employ	a	post-test-only	
design? 

6.	 What	is	the	expected	amount	of	time	required	for	
subjects	to	receive	and	understand	the	informa-
tion being provided to them? 

7.	 What	is	the	expected	amount	of	time	needed	
by	subjects	to	implement	behavioral	changes	in	
response to the information provided? 
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5.8 - Protocol 8:  
Identify Data Requirements and Collection Methods

Please	complete	the	following	table	identifying	the	data	requirements	and	data	collection	methods	for	each	data	
element	required	in	the	evaluation.	The	table	describes	three	types	of	data	–	energy	consumption	data,	data	
describing	the	behaviors	in	question	and	other	data.	

Table 5-6 should be completed for as many measurements that will be taken during the course of the study. 
For	example,	if	the	SEER	of	an	installed	AC	unit	is	to	be	collected	as	part	of	the	evaluation	then	it	should	be	
described	under	energy	consumption.	The	description	of	the	variable	should	include	a	definition	of	the	variable	
in	sufficient	detail	as	to	permit	third	parties	to	understand	what	the	measurement	is.	It	should	describe	the	
frequency	with	which	the	measurement	will	be	taken.	For	electricity	consumption,	the	variable	might	be	once	
or twice (as in the case of SEER measurements), or it might be monthly, hourly or even momentarily in the 
case of electricity consumption or demand. The method of measurement should describe how the data will be 
collected	in	as	much	detail	as	is	required	to	explain	the	data	collection	process.	If	utility	billing	data	will	be	used	
it	is	sufficient	to	describe	the	source	and	the	intervals	at	which	the	data	will	be	collected.	If	end-use	metering	
or other measurement procedures are employed, then the technology as well as installation and data collection 
protocols should be described.

   Table 5-6: Measurements Taken During the Study

Energy Consumption

Description	of	Variable

Frequency of measurement

Method of Measurement

Issues and Solutions

Behaviors of Interest

Description	of	Variable

Frequency of measurement

Method of Measurement

Issues and Solutions

Other	Data

Description	of	Variable

Frequency of measurement

Method of Measurement

Issues and Solutions

 

Behavior data is information describing the impact of the program on target behaviors. Examples of behavior 
data that might be appropriate for training programs include: classroom tests of knowledge, skills or abilities 
before	and	after	training,	observations	of	actions	taken	by	trainees	before	and	after	training	(e.g.,	installa-
tions	or	operating	condition).	Behavior	data	for	segment	support	might	include	interviews	with	organization	
members concerning the impacts of the segment support program offerings on the operations of the target and 
control	organization.

Other data includes all kinds of other data that might be useful in evaluating the impacts of the training or 
segment support programs including: weather data, data describing the response of the market to the program 
offering	and	market	data	describing	the	conditions	in	the	market	before,	during	and	after	the	behavioral	inter-
vention has taken place.
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A	wide	variety	of	techniques	have	been	developed	
or are under development including: normative 
comparisons designed to present consumers with a 
comparison of their household energy use with that 
of other households; in home display devices that 
are intended to inform consumers of their energy 
consumption in near real time; adaptive thermostats 
that	are	capable	analyzing	the	energy	use	related	
habits of consumers and adapting household sys-
tems to those habits and so on.

In some cases these interventions have been shown 
to be effective. However, what works on one popu-
lation	doesn’t	necessarily	work	on	another	and	
variations in the technical design of in home devices 
makes it impossible to infer the performance of all 
devices from tests conducted on one of them. There-
fore, there is the need to carry out robust testing on 
feedback	techniques	to	determine	whether	they	are	
effective and if so whether the impacts they produce 
are	justified	in	light	of	the	costs.

6.1 - Protocol 1:  
Define the Situation

The	first	step	in	research	design	is	to	develop	a	clear	
understanding of the purpose of the evaluation 
research and the context in which it is being carried 
out. In general, it is expected that the evaluator and 
project	manager	for	the	behavioral	intervention	will	
work	collaboratively	to	answer	the	questions	raised	
in this protocol. So, the application of this protocol 
is actually a task in which the parties who are carry-
ing out and evaluating the feedback program work 
collaboratively	to	literally	define	the	research	design.	

Describe	the	Feedback	Program(s)	to	be	tested:

•	 Type of Program – Type of feedback (e.g., neighbor 
comparison, IHD, HAN, etc.)

•	 The target population (e.g. households or  

businesses – if these target populations have  
specific	characteristics	that	will	narrow	the	 
population of interest down from all customers 
such as usage thresholds or SIC categories they 
should be described in detail) 

•	 The	behavior(s)	that	is/are	targeted	for	modifica-
tion (e.g., thermostat settings, use of lighting, 
time of use, website access, acceptance of home 
energy audits or other services, etc.)

•	 The	mechanism(s)	that	is/are	expected	to	change	
behavior (e.g. normative comparisons, cognitive 
dissonance, commitment, etc.)

•	 Whether	presentation	of	the	hypothesized	 
behavioral	change	mechanism(s)	is/are	under	
the control of the evaluator (i.e., whether the 
evaluator can decide which members receive the 
behavior	change	mechanism	and/or	when)

•	 The	outcomes	that	will	be	observed	(i.e.,	accep-
tance of treatment, energy use related behaviors, 
purchasing behavior, energy consumption, tim-
ing of energy consumption).

The	answers	to	the	above	questions	should	be	no	
more than a page in length each and should describe 
the	behavioral	program	in	sufficient	detail	to	permit	
discussion of the experimental design alternatives 
with stakeholders. 

6. Protocols for Evaluating Feedback Programs

In recent years significant efforts have been undertaken to develop and test different 

information feedback strategies to cause customers to adjust their behavior related to 

energy consumption. 
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saving tips); and sometimes utility management are 
reluctant to deprive parties who are seeking access 
to behavioral programs – either because they do not 
want to disappoint them or because they want to 
achieve maximum effect of the behavioral interven-
tion. These and other considerations may limit the 
control of the delivery of the experimental treat-
ment	of	subjects	in	impact	evaluations.	The	type	
of and robustness of the experimental design that 
can be implemented depend entirely on the extent 
of control the evaluator has over the assignment of 
subjects	to	treatments.	

Program	managers	and	other	stakeholders	often	re-
sist controlling the delivery of treatment to custom-
ers. They suspect or know that depriving customers 
of treatments they desire can create an unpleasant 
customer experience that may cause problems for 
them	and	their	superiors.	So	it	will	often	be	neces-
sary to educate these parties about the need for 
controlled experiments; and to convince them to 
accept	the	highest	level	of	control	possible.	For	this	
reason it is appropriate and necessary to plan to 
carry	out	the	work	required	to	implement	Protocol	1	
collaboratively	with	the	project	manager.	The	answer	
to	the	question	that	follows	is	critical	to	the	eventual	
design of the evaluation and will in large measure 
govern the usefulness of the study results.

In Table 6-1, identify the level of control you believe is 
possible	in	assigning	the	treatment	to	subjects	and	why.	

While	all	of	the	above	questions	are	important	for	
identifying an appropriate research design for a be-
havioral outcome evaluation, none are more impor-
tant	than	question	no.	4	–	i.e.,	whether	the	exposure	
to the behavior change mechanism can be brought 
under	the	evaluator’s	control.	If	the	presentation	of	
the treatment can be controlled, then it is possible 
to	employ	true	experiments	and	reach	definitive	
conclusions about the effectiveness of the behavioral 
mechanism at relatively low cost. If it is not possible 
to control the presentation of the treatment, then 
it will be necessary to evaluate the program using 
quasi-experimental	techniques	which	are	inherently	
less reliable than the true experiments and rest on 
assumptions that may or may not be tenable.

Exposure to the treatment may be outside the evalu-
ator’s	control	for	a	variety	of	reasons.	For	example,	
increasingly feedback devices such as IHDs, HAN 
systems,	and	Optimizing	Thermostats	are	being	sold	
over the counter and through the internet directly to 
consumers. It is impossible to control who obtains 
such devices and therefore impossible to randomly 
assign customers to treatment or control groups. 
It might be possible to randomly assign encour-
agement	to	customers,	but	that	would	be	difficult	
to orchestrate. It is also sometimes the case that 
regulators prescribe the delivery of treatments – 
requiring	that	all	eligible	parties	receive	a	given	
behavioral treatment (e.g., access to website infor-
mation concerning energy consumption and energy 
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   Table 6-1: Table Caption

Ability to Control Appropriate Experimental Design

Able to randomize presentation of treatment – mandatory  

assignment of subjects to treatment and control conditions
Randomized Controlled Trial (RCT)

Able to deny treatment to volunteers – mandatory assignment  

of volunteers to treatment and control conditions
RCT using recruit and deny tactic

Able to delay treatment to volunteers – mandatory assignment  

of volunteers to treatment and control conditions
RCT using recruit and delay tactic

Able to randomly encourage subjects to accept treatment Randomized Encouragement Design (RED)

Able to assign subjects to treatment based on qualifying interval 

measurement (e.g., income, usage, building size, etc.)
Regression Discontinuity Design (RDD)

Unable to assign subjects to treatments Quasi-experimental designs
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In	Protocol	2,	the	evaluator	is	required	to	explic-
itly describe the measurements that will be used 
to observe the behaviors of interest before, during 
and	after	exposure	to	the	intervention.	Protocol	2	
consists	of	a	series	of	questions	that	are	designed	
to produce an exhaustive list of outcomes that will 
be measured in the evaluation. As discussed earlier, 
this list may evolve iteratively if the initial evaluation 
design	and	the	budget	required	to	assess	all	of	the	
treatments and outcomes of interest exceeds what 
is available, and therefore not everything of interest 
may be pursued. 

In general, this protocol is designed to identify all 
of the different types of physical measurements that 
must be taken in order to assess the impacts of the 
behavioral intervention. These measurements might 
include:

•	 Measurements	from	tracking	systems	recording	
the progress of marketing efforts indicating who 
received program offers, what channels the offers 
were transmitted through, how many offers were 
sent, what content they received and if and when 
they responded to the offers.

•	 Records	of	participation	in	rebate	and	other	pro-
grams	that	may	identify	actions	taken	by	subjects	
in response to the program

•	 When	enabling	devices	are	used	–	measurements	
of device activation rates and reasons for activa-
tion failure 

•	 Measurements	from	surveys	of	consumers	or	
other	market	actors	taken	before	and	after	 
exposure to treatments.

•	 Measurements	of	drop-pout	rates	and	reasons	for	
departing the program.

•	 Measurement	of	energy	consumption	before,	
during	and	after	treatment	for	treatment	and	
control groups

Provide a brief discussion of factors that  
led you to this conclusion. 

This	discussion	should	not	exceed	five	pages	and	
should carefully state your reasons for concluding 
that your level of control is as indicated in section 
6.1.4.	The	purpose	of	this	element	of	the	protocol	is	
to demonstrate that the evaluation team has carefully 
analyzed	the	design	of	the	program	in	an	effort	to	
identify	opportunities	to	create	randomized	experi-
mental groups and has reached their decision on the 
level of control based on a good faith effort to attempt 
to achieve maximum control over the assignment of 
subjects	to	treatment	and	control	groups	and	that	you	
and	your	client	understand	the	consequences	of	the	
level	of	control	you	have	identified.

6.2 Protocol 2:  
Describe the Outcome Variables  
to be Observed

Among other things, Protocol 1 (Section 6.1) 
requires	the	evaluator	to	describe	the	behaviors	that	
are	to	be	modified	by	the	intervention.	Observations	
of	several	basic	outcomes	will	be	required.	These	
include:

•	 The	acceptance	rate	of	feedback;

•	 Changes	in	appliance	acquisition	behavior;

•	 Changes	in	energy	use	related	behavior;	and

•	 Changes	in	other	behaviors	(e.g.,	knowledge,	
opinions and attitudes).

Specific	behaviors	of	interest	will	vary	with	the	
design	of	the	intervention.	For	example,	some	feed-
back	techniques	are	provided	to	all	customers	by	
default. This is virtually always the case with written 
normative comparisons. In other cases, customers 
may	be	offered	feedback	technology	a	zero	cost	or	
reduced cost and make the decision whether or not 
to accept it. These two very different deployment 
strategies	require	the	collection	of	very	different	out-
come measures for measuring customer acceptance.
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Please	describe	the	behavioral	outcomes	of	interest	in	the	study,	the	operational	definitions	 

that will be used to measure them.

Complete	Table	6-2	in	as	much	detail	as	possible	describing	all	of	the	behavioral	and	energy	savings	outcomes	
that	are	expected	to	occur	as	a	result	of	the	program	along	with	operational	definitions	of	each	outcome.	The	
table	shows	an	example	of	the	level	of	detail	that	is	required	for	feedback	experiments	involving	Normative	
Comparisons	and	Feedback.		

			Table	6-2:	Behavioral	Outcome	and	Operational	Definition

Behavioral Outcome Operational	Definition

Normative Comparisons

•	 Customer	acceptance

•	 Energy	related	knowledge,	 

skill	and	opinions

•	 Appliance	acquisition	behaviors

•	 Energy	use	related	behavior.

Behavior Measures

•	 Customer subscription rate (for opt-in delivery) and opt-out rate  

(for	default	delivery)	from	tracking	system

•	 Surveys	of	treatment	and	control	customers’	knowledge,	skills	and	

opinions, reported appliance acquisition behavior and reported 

energy use related behavior before and after treatment

Normative Comparisons

•	 Energy	savings	resulting	from	 

providing normative comparisons

Savings Measures

•	 Observed	differences	in	monthly	or	annual	energy	consumption	 

and	demand	(kWh,	therms)	for	treatment	and	control	groups	before	

and after treatment from billing systems

Other Feedback Strategies 
(i.e.,	IHD,	HAN	Optimizing	Thermostats)

•	 Customer	acceptance

•	 Device	commissioning

•	 Device	utilization

•	 Energy	related	knowledge,	 

skill	and	opinions

•	 Appliance	acquisition	behaviors

•	 Energy	use	related	behavior

•	 Usability

•	 Persistence

Behavior Measures

•	 Customer	acceptance	rate	from	tracking	system

•	 Device	commissioning	rate	from	MDMS	or	other	tracking	system

•	 Interviews/focus	groups	with	customer	service	agents

•	 Interviews	with	customers	regarding	commissioning	problems

•	 Surveys	of	treatment	customers	regarding	satisfaction	with	 

acquisition/installation	process	

•	 Surveys	of	treatment	customers	and	control	customers’	knowledge,	

skills	and	opinions,	reported	appliance	acquisition	behavior	and	

reported energy use related behavior before and after treatment

•	 Focus	groups	with	treatment	customers	regarding	usability	and	

persistence

Other Feedback Strategies 
(i.e.,	IHD,	HAN	Optimizing	Thermostats)

•	 Energy	savings	resulting	from	 

providing technology

Savings Measures

•	 Observed	differences	in	monthly	or	annual	energy	consumption	 

and	demand	(kWh,	therms)	for	treatment	and	control	groups	before	

and after treatment from billing systems

Website

•	 Customer	acceptance

•	 Website	access

•	 Website	utilization

•	 Opinions	about	website

•	 Energy	related	knowledge,	 

skill	and	opinions

•	 Energy	use	related	behavior

•	 Usability

•	 Persistence

Behavior Measures

•	 Website	access	from	tracking	system

•	 Page	views	from	tracking	system

•	 Return	rate	from	tracking	system

•	 Focus	groups	with	customers	regarding	usability

•	 Surveys	of	treatment	customers	regarding	satisfaction	with	 

website	content	and	performance	

•	 Surveys	of	treatment	customers	and	control	customers’	knowledge,	

skills	and	opinions,	reported	appliance	acquisition	behavior	and	

reported energy use related behavior before and after treatment
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or if it is on time varying rates. It is not possible to 
determine the approximate annual income of the 
household. The former are good candidates for strat-
ification,	while	the	later	are	is	not.	It	is	also	impor-
tant	to	limit	the	number	of	segments	so	that	30-100	
observations can be taken within each segment and 
treatment level.

Please describe all of the segments that are of 

interest in the study.

Please use one line for each segment of interest in 
Table	6-3.	

   Table 6-3: Segments of Interest

Segments of Interest

IHD,	HAN,	Optimizing	Thermostats,  

(e.g., rates, usage categories, assisted  

customers, etc.)

Website  

(e.g., Current MyAccount customers, engaged  

customers, behavioral segments etc.)

6.3 - Protocol 3:  
Delineate Sub-segments of Interest

Feedback	programs	are	sometimes	targeted	at	
multiple audiences (e.g., customers on time vary-
ing rates, disadvantaged customers, customers with 
certain heating or cooling devices, etc.). If there is 
a desire to understand how the program affects dif-
ferent	market	segments,	it	is	important	to	recognize	
these different segments during the design process. 
Protocol	3	requires	the	evaluator	to	identify	all	of	
the segments that are of interest in the study.

Complete the following table in as much detail as 
possible describing all of the segments that are of 
interest in the evaluation. Be careful to limit the 
segments to those that can be observed for both 
the	treatment	and	control	group	before	subjects	are	
assigned	to	treatment	groups.	For	example,	it	is	pos-
sible to determine in advance of treatment whether 
a	household	is	on	a	rate	that	qualifies	for	a	discount	

6.4 - Protocol 4:  
Define the Research Design

Protocol	4	is	designed	to	guide	the	experimental	design	process	by	asking	evaluators	to	answer	key	questions	
designed to identify the theoretically correct design, as well as the practical realities that confront real-world 
social	experimentation.	When	completing	these	questions,	it	may	be	useful	to	refer	to	Section	4	of	this	docu-
ment	as	a	guide	to	selecting	the	experimental	design	that	best	supports	the	treatments,	objectives,	and	practical	
realities	associated	with	the	specific	experiment	under	consideration.

Please answer the following questions. 

Please	use	Table	6-4	to	complete	your	answers.

   Table 6-4: Questions on Behavior and Energy Consumption Measures

Question
Behavior  
Measures

Energy Consumption 
Measures

Will	pre-treatment	data	be	available?

Does the appropriate data already exist on all subjects, or do  

measurements	need	to	taken	in	order	to	gather	pre-treatment	data?

How	long	of	a	pre-treatment	period	of	data	collection	is	required?

Is	a	control	group	(or	groups)	required	for	the	experiment?

Is it possible to randomly assign observations to treatment and  

control	groups?
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•	 What	is	the	absolute	minimum	level	of	change	
in the dependent variable(s) that is meaningful 
from a planning perspective (e.g., 5% reduction 
in electricity or gas consumption)?

•	 How	much	sampling	error	is	permissible	 
(e.g., + or – 1%)?

•	 How	much	statistical	confidence	is	required	for	
planning purposes (e.g., 90%)?

•	 Are	pre-treatment	data	available	concerning	
outcome variable(s) of interest?

The	answers	to	the	above	questions	will	greatly	
influence	the	design	of	the	samples	to	be	used	in	the	
study. They cannot and should not be answered by 
the	sampling	statistician.	The	answers	to	these	ques-
tions must be informed by the policy considerations. 
They have to be made by the people who will use 
the information to make decisions given the results. 
Once	these	requirements	have	been	developed,	a	
sampling expert can then determine the sample 
composition	and	sizes	needed	to	meet	the	 
requirements.

Defining the Target Customer Population
Often	it	will	not	be	necessary	to	extrapolate	the	
results of the experiment to a larger population of 
interest.	That	is,	it	may	not	be	necessary	to	generalize	
the results from a given experimental test of a tech-
nology to all possible parties who might be exposed 
to it. With large scale feedback technologies targeted 
at the general market, extrapolation is an important 
consideration. However, in testing emerging technol-
ogies like IHDs, HAN devices and Websites, thoughts 
about	extrapolation	are	futile.	Virtually	anyone	who	
agrees to participate in a test of a new technology is 
an early adopter and there is no reason to believe that 
impacts of technology on this market segment foretell 
how the technology will be taken up in the general 
market. So, it is possible that in many cases the pur-
pose of the experiment will simply be to observe the 
effect of the treatment on the population of parties 
who were exposed to it. In this case it is not necessary 
to sample observations from the entire population of 
possible participants.

Using the framework outlined in Chapter 4,  
describe the evaluation research design that  

will be used during the evaluation. 

This description should explain what type of re-
search design will be used (e.g., RCT, RED, Regres-
sion	Discontinuity,	Non-Equivalent	Control	Groups,	
Within	Subjects,	etc.)	It	should	describe	the	treat-
ment groups and control groups and any segmenta-
tion (e.g., customer type, usage category, etc.) that is 
contemplated. In the case of true experiments, the 
design should be presented in a table of the kind 
presented	in	Section	4.2.2	where	treatments	are	
described on the column headings and segments 
are described on the rows. If random assignment is 
either inappropriate or impossible to achieve, the 
description should explicitly discuss how suitable 
comparison	groups	will	be	identified	or	how	the	
design otherwise provides a comparison that allows 
an assessment of the impact of the treatment on 
behavior and energy consumption.

6.5 - Protocol 5:  
Define the Sampling Plan

Once the appropriate experimental design has been 
selected, a sample plan must be developed. Obvi-
ously, experimental design and sampling go hand in 
hand. While an in depth discussion of sample design 
would	lead	us	far	afield	of	the	focus	of	research	
design, there are certain critical issues that have to 
be addressed in any sample design used to study the 
impacts of behavioral interventions. They are:

•	 Are	the	results	of	the	research	intended	to	be	
extrapolated beyond the experimental setting to 
a broader population (e.g., all households eligible 
to receive the technology in the region served by 
OPA)?

•	 Are	there	sub-populations	(strata)	for	which	
precise	measurements	are	required	(e.g.,	usage	
categories or other segments)?
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weigh	the	costs.	The	sample	sizes	for	treatment	and	
control conditions should be set so that a difference 
of at least 5% can be reliably detected 80-95% of the 
time.	A	related	issue	that	also	influences	the	sizes	of	
samples	required	in	an	experiment	is	the	quantity	
of sampling error that is tolerable from the point of 
view of planning. 

In	analyzing	the	results	obtained	from	a	statisti-
cal experiment, it is possible to make two kinds of 
inferential errors arising from the fact that one is 
observing samples. One can incorrectly conclude 
that there is a difference between the treatment and 
control	groups	when	there	isn’t	one	(because	of	
sampling variation). This is called a Type I error. Or 
one	can	incorrectly	conclude	that	there	isn’t	a	differ-
ence when in fact there is one. This is called at Type 
II error. The challenge in designing experimental 
samples	is	to	minimize	both	types	of	errors.	This	is	
done	by	choosing	sample	sizes	that	minimize	the	
likelihood of these errors.

Type I – Statistical Significance or Confidence
It is possible to calculate the likelihood of commit-
ting a Type I error from information concerning the 
inherent variation in the population of interest (the 
variance),	the	required	statistical	precision	(as	de-
scribed	above),	and	the	sample	size.	This	probability	
– called alpha – is generally described as the level 
of	statistical	significance	or	confidence.	It	is	often	
set	to	5%	so	that	the	sample	size	for	the	experiment	
is such that there is no more than 5% chance (one 
chance	in	20)	of	incorrectly	concluding	that	there	
is a difference between the treatment and control 
group	of	a	given	magnitude,	when	there	really	isn’t	
one. However, as in the case of statistical precision, 
the	selection	of	alpha	is	subjective;	it	depends	on	the	
experimenter’s	taste	for	risk.	It	could	be	set	to	1%	or	
10%	or	any	other	level	with	attendant	consequences	
for	confidence	in	the	results.	For	training	and	 
segment support studies, it should probably be set 
to 5%. 

However, if the results of the experiment are to 
be statistically extrapolated to a larger popula-
tion outside the experiment, then it is necessary to 
draw a representative (i.e., random) sample from 
the available population, and the sample has to be 
structured so that it is possible to calculate meaning-
ful estimates of the population level impacts using 
appropriate sampling weights. To calculate weights 
for purposes of extrapolation, it is necessary to have 
a list of the members of the population of interest, 
to sample randomly from that list before assigning 
customers to treatment and control conditions, and 
to carefully observe any selection effects that might 
emerge in the sampling process so that the extrapo-
lation	can	be	adjusted	to	take	account	of	them.

If	precise	measurements	are	needed	for	specific	
sub-populations	(e.g.,	customer	types	or	size	cat-
egories), then it may be necessary to over-sample 
these customers to ensure that enough observations 
are present in relevant cells to precisely estimate the 
impacts of the treatment. These are called sampling 
strata	or	blocks	as	described	in	Section	3.

Precision of the Estimates
A	critical	requirement	in	developing	a	sample	design	
for any sort of experiment is a clear understanding 
of the minimum threshold of difference (between 
treated and not treated customers) that is consid-
ered meaningful from the point of view of those 
who will be using the results in program planning. 
As	discussed	below,	the	size	of	the	difference	that	
will be considered to be meaningful has profound 
implications	for	the	required	sample	size.	In	general,	
the smaller the difference that must be detected, 
the	larger	the	sample	size	(of	treatment	and	control	
group customers) needed to detect it. If the cost of 
the program is known or can be estimated, it is pos-
sible to identify the minimum change in energy use 
that	would	be	required	to	justify	investment	in	it.	
For	example,	suppose	a	5%	reduction	in	energy	use	
would	be	required	to	justify	investment	in	a	given	
training	program	in	order	for	the	benefits	to	out-
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Please	answer	the	following	questions	pertaining	to	
sample planning:
1. Are the measurements from the experiment to be 

extrapolated to a broader population? 

a. If yes, indicate whether the sample will be strati-
fied	and	what	variables	will	be	used	in	the	stratifi-
cation.

b.  If no, describe the list of parties from which the 
sampling will be obtained. 

2. Are precise measurements required for sub-

populations of interest?

a.  If yes, describe the sub-populations for which 
precise measurements are desired. 

3. What is the minimum threshold of difference that 
must be detected by the experiment? 

4. What is the acceptable amount of sampling error 
or statistical precision and acceptable level of 
statistical	confidence	(i.e.,	90%,	95%,	99%)?	

5. Will participants be randomly assigned to treat-
ment and control conditions or varying levels of 

factors under study? 

a.	 If	yes,	do	you	expect	subjects	to	select	themselves	
into the treatment condition? 

b. If so, how will you correct for this selection  
process in the analysis and sample weighting? 

6. If subjects will not be randomly assigned to 
treatment and control conditions or varying 

levels of factors under study: 

a. Describe the process that will be used to select 
customers for the treatment group(s). 

b. Describe the process that will be used to select 
customers for the control group, and explain why 
this is the best available alternative for creating a 
non-equivalent	control	group.	

7. If no control group is used, explain how the 
change in the outcome variables of interest will 

be calculated.

Please indicate the proposed sample sizes  

(within	the	treatment	cells)	for	the	study.

If	experiments	are	contemplated	(true	or	quasi-
experiments) please use the table format provided 
in	4.2.2	to	describe	the	distribution	of	sample	across	
treatment cells and strata.

Type II – Statistical Power
Type II error is the converse of Type I error – con-
cluding that the treatment made no difference when 
in	fact	it	did.	For	a	given	population	variance,	speci-
fied	level	of	statistical	precision	and	sample	size,	
the probability of incorrectly concluding that there 
isn’t	a	difference	when	indeed	there	is	a	difference	is	
determined by the choice of alpha (the probability 
of	making	a	Type	I	error).	All	other	things	equal,	the	
lower the probability of making a Type I error, the 
higher the probability of making a Type II error. In 
other	words,	for	a	given	sample	size,	the	more	sure	
we	want	to	be	that	we	are	not	incorrectly	finding	a	
statistically	significant	difference,	the	less	sure	we	
can	be	that	we	have	missed	a	statistically	significant	
difference. The likelihood of making a Type II error 
can be calculated for a given experiment and gener-
ally	decreases	as	sample	size	increases.	The	likeli-
hood of avoiding a Type II error is generally referred 
to as the statistical power of the sample design. The 
statistical	power	used	in	calculating	required	sample	
sizes	for	experiments	is	subjective	and,	in	modern	
times, has generally been set at about 90%. That is, 
it is set so that only one time in ten will the experi-
menter	incorrectly	conclude	that	there	isn’t	a	differ-
ence	of	a	specified	magnitude	when	indeed	there	is	
one.	For	Capacity	Building	experiments,	statistical	
power should probably be set at 90%.

The analysis approach used to estimate impacts can 
also	have	a	significant	impact	on	sample	sizes.	For	
example, sampling can be much more statistically 
efficient	if	the	effect(s)	of	the	treatment(s)	are	being	
measured as differences (e.g., pre-test, post-test) 
of ratios or as regression estimators. This is true 
because the variance of these parameters in popula-
tions	under	study	is	usually	quite	a	bit	smaller	than	
the variance of the raw variables, and the smaller the 
inherent variance of the measurements of interest, 
the	smaller	the	required	sample	size.	As	discussed	
below, panel regression methods with pre-test, post-
test	experimental	designs	can	significantly	reduce	
sample	sizes.	
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6.6 - Protocol 6:  
Identify the Program Recruitment Strategy

Sometimes feedback programs are operated on an opt-in basis. That is, the treatment is given only to volun-
teers. When this is true, the recruitment strategy can affect the outcome of the evaluation. At a minimum, the 
evaluation must carefully describe the recruiting process used to attract program participants. 

Please answer the following questions in Table 6-5 regarding the recruiting process and its outcome.

   Table 6-5: Recruiting Process Questions

Question Answer

Describe the eligibility criteria for the program
e.g.,	households	in	single	family	dwellings	located	 

in climate zones X and Y

What	is	the	estimated	number	of	eligible	parties	 

in the region under study
e.g., 1 million

How	were	participants	recruited	to	the	program e.g.,	flyers	were	mailed	to	all	currently	eligible	households

Were	participants	randomly	assigned	to	 

treatment and control conditions

e.g., yes, because of limited availability ½ of interested  

parties	were	randomly	admitted	into	the	program	in	the	 

first	year	and	the	reminder	was	asked	to	wait	for	training	

until	the	following	year

If	there	were	sampling	strata	indicate	the	number	of	

participants recruited into each strata and group

e.g.	500	customers	were	sampled	in	each	of	 

4 sampling strata

It is sometimes the case that multiple recruiting processes are being tested during the evaluation program and 
that	one	of	the	objectives	of	the	evaluation	is	to	evaluate	recruitment	strategy	alternatives	and	identify	the	most	
cost-effective approach for purposes of program design, taking into consideration both the number of enrollees 
as well as the average savings per customer. 

If	different	recruiting	strategies	are	being	tested	as	part	of	the	program	please	answer	the	following	questions:

•	 Describe	each	of	the	recruiting	options	that	are	being	tested	in	the	program	including	how	potential	par-
ticipants	are	being	identified,	how	they	are	being	contacted,	what	they	being	told,	whether	they	are	being	
offered incentives and any other pertinent information.

•	 Describe	the	research	design	that	is	being	used	to	assess	the	effectiveness	of	alternative	recruiting	strategies	
including: the type of experimental design being employed (e.g., RCT, RED), how customers are sampled for 
the recruitment and how many potential participants are being selected for each recruiting test.

•	 Describe	how	the	results	of	the	recruiting	strategy	tests	will	be	analyzed	statistically.
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7.	 What	is	the	expected	amount	of	time	needed	
by	subjects	to	implement	behavioral	changes	in	
response to the information provided? 

8. What is the minimum amount of time the ef-
fect	of	the	treatment	must	persist	to	cost-justify	
investment on the part of the utility?

9. If the duration of the experiment is shorter than 
the expected persistence of the treatment how 
will the determination be made as to whether 
the effect of the feedback persists long enough to 
be cost effective? 

10. How much time is needed between when the 
research plan is completed and approved, and 
when treatments are in place for experimental 
participants? 

11.	How	much	time	is	required	between	when	the	
final	data	are	obtained	from	the	experimental	
observations and when the analysis can be com-
pleted?

6.7 - Protocol 7:  
Identify the Length of the Study

In evaluating a behavioral intervention it is impor-
tant	to	understand	the	expected	time	required	to	
carry out the various aspects of the intervention, the 
expected onset time for the effect of the treatment 
and	its	expected	persistence	after	initial	treatment.	
These considerations will determine the length of 
time	that	is	required	to	assess	the	impact	of	the	
treatment and thereby determine the length of time 
for which the situation must be observed. 

Please answer the following questions  

pertaining to the experimental time frame.

1. Is it possible to observe the impacts of the treat-
ment for at least two years? 

2.	 If	no,	how	will	the	persistence	of	the	effect	be	
determined? 

3.	 Do	pre-treatment	data	for	the	relevant	variables	
already exist or must time be allowed to obtain 
pre-treatment data? 

4.	 If	pre-treatment	data	do	not	already	exist,	how	
long must the pre-treatment period be to support 
the	experimental	objectives?

5.  If pre-treatment data do not already exist, can 
the experiment be conducted using only post-
treatment	data,	and	what	adjustments	to	sample	
design	will	be	required	to	employ	a	post-test-only	
design? 

6.	 What	is	the	expected	amount	of	time	required	for	
subjects	to	receive	and	understand	the	informa-
tion being provided to them? 
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6.8 - Protocol 8:  
Identify Data Requirements and Collection Methods

Please	complete	Table	6-6	identifying	the	data	requirements	and	data	collection	methods	for	each	data	element	
required	in	the	evaluation.	The	table	describes	three	types	of	data	–	energy	consumption	data,	data	describing	
the	behaviors	in	question	and	other	data.	

Table 6-6 should be completed for as many measurements that will be taken during the course of the study. 
For	example,	if	electric	and	gas	consumption	are	to	be	collected	as	part	of	the	evaluation	then	they	should	
be described in separate entries under energy consumption. The description of the variable should include a 
definition	of	the	variable	in	sufficient	detail	as	to	permit	third	parties	to	understand	what	the	measurement	
is.	It	should	describe	the	frequency	with	which	the	measurement	will	be	taken.	For	electricity	consumption,	
the variable might be monthly, hourly or even momentarily in the case of electricity consumption or demand. 
The	method	of	measurement	should	describe	how	the	data	will	be	collected	in	as	much	detail	as	is	required	to	
explain	the	data	collection	process.	If	utility	billing	data	will	be	used	it	is	sufficient	to	describe	the	source	and	
the intervals at which the data will be collected. If end-use metering or other measurement procedures are 
employed, then the technology as well as installation and data collection protocols should be described.

   Table 6-6: Data Requirements

Energy Consumption Description of Variable

Frequency of measurement

Method of Measurement

Issues and Solutions

Behaviors of Interest

Description	of	Variable

Frequency of measurement

Method of Measurement

Issues and Solutions

Other	Data

Description	of	Variable

Frequency of measurement

Method of Measurement

Issues and Solutions

 

Behavior data is information describing the impact of the program on target behaviors. Examples of behavior data 
that might be appropriate for feedback programs might include: reported recent history of appliance purchases, 
an inventory of energy saving actions taken since the start of the behavioral intervention, perceptions and 
opinions about energy use, reported conversations among the family or with neighbors about energy consump-
tion, etc..

Other data includes all kinds of other data that might be useful in evaluating the impacts of the feedback 
programs including: weather data, data describing the response of the market to the program offering and market 
data	describing	the	conditions	in	the	market	before,	during	and	after	the	behavioral	intervention	has	taken	place.
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Such campaigns assume that consumers are reason-
ing beings who use information about the conse-
quences	of	their	actions	to	formulate	and	undertake	
actions (behaviors) to achieve desired outcomes. 
There are very well developed social science theories 
expressing the causal relationship between percep-
tion, belief, intention and action. That is, there are 
well developed theories about how opinions are 
shaped and how opinions shape behavior. These 
theories -- generally referred to under the head-
ing of Reasoned Action Theories -- hold that it is 
possible	to	educate	people	about	the	consequences	
of their actions, make them aware of the extent to 
which their actions are normatively acceptable and 
encourage them to formulate intentions to behave in 
a manner that is more in line with positive conse-
quences	and	more	normatively	acceptable.	Through	
this causal chain, consumers and other actors in 
the energy market are expected to change their 
behavior. Of course, the underlying social science 
theories can be much more complicated than this, 
but in broad outline terms, they all share these basic 
tenants. 

Education and awareness campaigns have been in 
existence in the energy policy arena for at least four 
decades.	Indeed,	the	first	efforts	to	systematically	
change energy use related behavior were primarily 
education campaigns. These early efforts focused on 
informing consumers of the availability of energy 
efficient	technology	alternatives,	of	the	economic	

benefits	of	energy	efficiency	and	conservation,	of	
the	societal	consequences	of	energy	consumption	
and so on. They were carried out by government and 
utilities under the assumption that once consumers 
knew the facts they would behave appropriately. 

Education and awareness campaigns can have a 
wide variety of goals. They can be designed to cause 
widespread	changes	in	energy	consumption.	For	ex-
ample,	in	2001	in	California	serious	power	shortages	
created the need for dramatic reductions in elec-
tricity consumption on the part of businesses and 
households. During that period, the California state 
government, in partnership with utilities and local 
governments implemented a wide spectrum public 
education and awareness campaign designed to en-
courage consumers to lower their energy consump-
tion overall – and in particular on hot summer days. 
This campaign consisted of newspaper, television 
and radio advertising, bill inserts and other special-
ized	marketing	collateral	designed	to	explain	the	
seriousness of the situation, inform consumers of 
the	offer	to	reduce	electric	bills	by	20%	for	consum-
ers who lowered their consumption (year on year) 
by	20%,	and	provide	them	with	tips	about	how	to	
reduce their energy use. 
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Education and awareness campaigns are designed to change behavior or facilitate 

change in behavior by providing information to consumers.
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Beyond	these	basic	questions	it	is	possible	to	address	
a	number	of	other	interesting	and	important	ques-
tions in the context of evaluating an education or 
awareness campaign. These include:

•	 What	combinations	of	message,	format	and	 
channel were most effective in educating or 
informing important market segments?

•	 Did	the	education	campaign	have	an	impact	on	
targeted	customers’	belief	that	their	behavior	was	
normatively acceptable?

•	 Did	exposure	to	the	education	campaign	increase	
the likelihood that consumers expressed the  
intention to engaged in desired energy use related 
behavior?

•	 Did	exposure	to	the	education	campaign	increase	
the likelihood that consumers engaged in desired 
energy use related behavior?

While	the	ultimate	objective	of	education	and	
awareness campaigns may be to cause a change 
in energy consumption on the part of the target 
population by providing education, it is very dif-
ficult	to	conclusively	demonstrate	a	causal	connec-
tion between attitude change and behavior change. 
The causal linkage between education and action is 
mitigated through a number of important interven-
ing	factors	that	can	significantly	interfere	with	the	
expression of desired energy use related behavior. 
For	example,	it	is	possible	that	a	target	consumer	
receives the intended education and that the educa-
tion has the desired effect of causing the consumer 
to intend to exhibit an energy conserving behavior, 
but that the consumer is prevented from doing so by 
circumstances in the market (e.g., lack of resources 
or	control	of	the	situation).	For	this	reason,	it	may	
be	difficult	or	impossible	to	directly	quantify	the	
impact of behavior change achieved in this manner 
on energy consumption. 

This	Flex	Your	Power	campaign	was	relatively	large	
involving	about	$45	million	in	paid	and	earned	
advertising over a two year period. However, there 
are many examples of more modest efforts designed 
to	accomplish	less	ambitious	goals.	For	example,	in	
California	small	and	medium	sized	commercial	and	
industrial	firms	are	being	defaulted	to	time	of	use	
rates	between	November	of	2012	and	November	of	
2014.	An	intensive	education/awareness	campaign	
is being used to inform customers when they will be 
defaulted and of the actions they can take to lower 
their costs either by reducing their energy consump-
tion overall or by restricting their use during the 
peak	hours	in	the	afternoon.	This	is	a	relatively	small	
and focused education effort that each year involves 
educating about 150,000 customers, costing only a 
few million dollars each year. 

Education and awareness campaigns can be  
targeted at all levels of society. They can be national 
campaigns	such	as	DOE’s	Energy	Star	Program,	
campaigns carried out by state and local govern-
ments as described above, campaigns focused on 
individual	organizations	or	businesses	–	even	cam-
paigns focused on schools and neighborhoods.

One can imagine a very large number of examples  
of education and awareness campaigns with differ-
ing goals, messages, target audiences and contact 
strategies.	However,	the	critical	evaluation	questions	
that must be answered for virtually all of these  
campaigns are the same. Namely,

•	 What	were	the	beliefs,	opinions,	attitudes,	 
intentions and behaviors of the target audience 
prior to exposure to the education or awareness 
campaign;

•	 What	were	the	beliefs,	opinions,	attitudes,	 
intentions and behaviors of the target audience 
after	exposure	to	the	education	or	awareness	
campaign; and most importantly

•	 Did	the	education	campaign	cause	any	 
observable change in the beliefs, opinions,  
attitudes, intentions and behaviors?
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•	 Whether	presentation	of	the	educational	material	
is under the control of the evaluator (i.e., whether 
the evaluator can decide who receives the educa-
tional	material	and/or	when)

•	 The	outcomes	that	will	be	observed	(e.g.	aware-
ness of messages, acceptance of messages, belief 
about normative support for action, expressed 
intention to engage in desired behavior, change 
in energy use, etc. ).

The	answers	to	the	above	questions	should	be	no	
more than a page in length each and should describe 
the	behavioral	program	in	sufficient	detail	to	permit	
discussion of the experimental design alternatives 
with stakeholders. 

While	all	of	the	above	questions	are	important	 
for identifying an appropriate research design for 
a behavioral outcome evaluation, none are more 
important	than	question	no.	4	–	i.e.,	whether	the	
exposure to the behavior change mechanism can 
be	brought	under	the	evaluator’s	control.	If	the	
presentation of the educational treatment can be 
controlled, then it is possible to employ true  
experiments	and	reach	definitive	conclusions	about	
the effectiveness of the behavioral mechanism at 
relatively low cost. If it is not possible to control the 
presentation of the treatment, then it will be neces-
sary	to	evaluate	the	program	using	quasi-experi-
mental	techniques	which	are	inherently	less	reliable	
than the true experiments and rest on assumptions 
that may or may not be tenable.

The challenge in evaluating the effects of wide  
spectrum educational campaigns is that such cam-
paigns	are	often	carried	out	within	media	markets	
and it is impossible to restrict educational messages 
to customers within markets. However, Ontario is 
served	by	about	13	media	markets	so	conducting	
educational campaigns in different randomly chosen 
media markets could provide a powerful platform 
for testing the impacts of education campaigns.

7.1 Protocol 1: Define the Situation

The	first	step	in	research	design	is	to	develop	a	clear	
understanding of the purpose of the evaluation 
research and the context in which it is being carried 
out. In general, it is expected that the evaluator and 
project	manager	for	the	behavioral	intervention	will	
work	collaboratively	to	answer	the	questions	raised	
in this protocol. So, the application of this protocol 
is actually a task in which the parties who are carry-
ing out and evaluating the feedback program work 
collaboratively	to	literally	define	the	research	design.	

Describe the Education or Awareness Program(s) to 
be tested:

•	 The	underlying	behavioral	science	theory	linking	
the information that is to be transmitted to the 
outcome behavior of interest (e.g., Theory of Rea-
soned Action diagram describing beliefs that are 
to be changed, social reinforcements that are to 
be given (if any), intentions that are to be affected 
if any and outcome behaviors of interest.)

•	 The	target	population(s)	(e.g.	household	heads,	
children, business leaders, employees, etc.) – if 
there is a geographic catchment within which 
education or awareness is to be achieved it should 
be	specified	(i.e.,	city,	state,	nation,	business,	
neighborhood, etc.)

•	 The	information	that	is	to	be	imparted	to	the	
target population (e.g., impacts of energy use 
on climate, cost of wasting energy, options for 
reducing energy consumption while maintaining 
comfort,	benefits	of	changing	timing	of	demand	
etc.)  

•	 The	behavior(s)	that	is/are	targeted	for	modifica-
tion (e.g., thermostat settings, use of lighting, 
time of use, website access, acceptance of home 
energy audits or other services, etc.)
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Program	managers	and	other	stakeholders	often	 
resist controlling the delivery of treatment to 
customers. They suspect or know that depriving cus-
tomers of education could create an unpleasant cus-
tomer experience that may cause problems for them 
and	their	superiors	in	the	future.	So	it	will	often	be	
necessary to educate these parties about the need 
for controlled experiments; and to convince them 
to	accept	the	highest	level	of	control	possible.	For	
this reason it is appropriate and necessary to plan to 
carry	out	the	work	required	to	implement	Protocol	1	
collaboratively	with	the	project	manager.	The	answer	
to	the	question	that	follows	is	critical	to	the	eventual	
design of the evaluation and will in large measure 
govern the usefulness of the study results.

In	Table	7-1,	identify	the	level	of	control	you	believe	
is	possible	in	assigning	the	treatment	to	subjects	 
and why.

Exposure to the treatment may sometimes fall out-
side	the	evaluator’s	control.	For	example,	it	is	often	
the case that education or awareness campaigns 
are	carried	out	in	emergencies	or	are	required	by	
law or good administrative practice. It may not be 
appropriate to randomly withhold advance notice 
to customers in emergencies or to those that will 
experience a rate change that might cause them to 
experience high bills that could have been avoided 
with advanced notice. Such situations will challenge 
the	research	designers	and	project	managers	since	
the robustness of the experimental design that can 
be implemented depends entirely on the extent of 
control the evaluator has over the assignment of 
subjects	to	treatments.	
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   Table 7-1: Identify Level of Control

Ability to Control Appropriate Experimental Design

Able to randomize presentation of treatment – mandatory  

assignment of subjects to treatment and control conditions Randomized Controlled Trial (RCT)

Able to deny treatment to volunteers – mandatory assignment  

of volunteers to treatment and control conditions RCT using recruit and deny tactic

Able to delay treatment to volunteers – mandatory assignment  

of volunteers to treatment and control conditions RCT using recruit and delay tactic

Able to randomly encourage subjects to accept treatment Randomized Encouragement Design (RED)

Able to assign subjects to treatment based on qualifying  

interval measurement (e.g., income, usage, building size, etc.) Regression Discontinuity Design (RDD)

Unable to assign subjects to treatments Quasi-experimental designs

Provide a brief discussion of factors that led you to this conclusion. 

This	discussion	should	not	exceed	five	pages	and	should	carefully	state	your	reasons	for	concluding	that	your	
level	of	control	is	as	indicated	in	section	7.1.4.	The	purpose	of	this	element	of	the	protocol	is	to	demonstrate	
that	the	evaluation	team	has	carefully	analyzed	the	design	of	the	program	in	an	effort	to	identify	opportuni-
ties	to	create	randomized	experimental	groups	and	has	reached	their	decision	on	the	level	of	control	based	
on	a	good	faith	effort	to	attempt	to	achieve	maximum	control	over	the	assignment	of	subjects	to	treatment	
and	control	groups	and	that	you	and	your	client	understand	the	consequences	of	the	level	of	control	you	have	
identified.
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In	Protocol	2,	the	evaluator	is	required	to	explic-
itly describe the measurements that will be used 
to observe the behaviors of interest before, during 
and	after	exposure	to	the	intervention.	Protocol	2	
consists	of	a	series	of	questions	that	are	designed	
to produce an exhaustive list of outcomes that will 
be measured in the evaluation. As discussed earlier, 
this list may evolve iteratively if the initial evaluation 
design	and	the	budget	required	to	assess	all	of	the	
treatments and outcomes of interest exceeds what 
is available, and therefore not everything of interest 
may be pursued. 

In general, this protocol is designed to identify all 
of the different types of physical measurements that 
must be taken in order to assess the impacts of the 
behavioral intervention. These measurements might 
include:

•	 Measurements	from	surveys	of	consumers	or	
other	market	actors	taken	before	and	after	expo-
sure to education campaigns;

•	 Measurements	from	tracking	systems	recording	
the details of the education campaign includ-
ing when populations were exposed to educa-
tion materials, what channels the messages were 
transmitted through, how many messages were 
sent and what content was used;

•	 Records	of	response	to	programs	(if	appropriate);

•	 Measurement	of	energy	consumption	before,	
during	and	after	treatment	for	treatment	and	
control groups

7.2 - Protocol 2:  
Describe the Outcome Variables  
to be Observed

Among other things, Protocol 1 (Section 8.1) 
requires	the	evaluator	to	describe	the	behaviors	that	
are	to	be	modified	by	the	intervention.	Observations	
of	several	basic	outcomes	will	be	required.	These	
include:

•	 Beliefs	and	opinions	related	to	energy	 
consumption; 

•	 Beliefs	about	what	is	normatively	appropriate	
energy use related behavior;

•	 Beliefs	about	whether	their	energy	use	related	
behavior is normatively appropriate;

•	 Perceptions	of	energy	use	related	behaviors	 
of others;

•	 Attitudes	about	energy	consumption,	comfort,	
convenience, etc.;

•	 Awareness	of	the	education	and	awareness	 
messages;

•	 Awareness	of	channels	through	which	messages	
were transmitted;

•	 Reported	energy	use	related	behaviors

•	 Household/business	energy	use.

Specific	behaviors	of	interest	will	vary	with	the	de-
sign	of	the	intervention.	For	example,	interventions	
that are created in response to emergency conditions 
may focus on changing perceptions of the emergen-
cy conditions (e.g. drought, supply disruptions) and 
appropriate behaviors while other interventions may 
focus on perceptions of longer range issues such as 
climate change or reliability.
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Please	describe	the	behavioral	outcomes	of	interest	in	the	study,	the	operational	definitions	 

that will be used to measure them.

Complete	Table	7-2	in	as	much	detail	as	possible	describing	all	of	the	behavioral	and	energy	savings	outcomes	
that	are	expected	to	occur	as	a	result	of	the	program	along	with	operational	definitions	of	each	outcome.	The	
table	shows	an	example	of	the	level	of	detail	that	is	required	for	feedback	experiments	involving	Normative	
Comparisons	and	Feedback.	

			Table	7-2:	Behavioral	Outcome	and	Operational	Definition

Behavioral Outcome Operational	Definition

Beliefs About Own Energy Consumption

•		Beliefs	and	opinions	related	to	energy	consumption;	

•		Attitudes	about	energy	consumption,	comfort,	 

convenience,	etc.;

•		Beliefs	about	whether	subject’s	energy	use	related	 

behavior	is	socially	normal;

•		Awareness	of	the	education	and	other	r 

elated	messages;

•		Awareness	of	channels	through	which	messages	 

were	transmitted;

Behavior Measures

•		Surveys	questions	about	beliefs	held	by	subjects	

about their energy use before and after exposure 

to the educational treatment for treatment and 

control customers

Beliefs about Normative Energy Consumption

•		Beliefs	about	what	is	normatively	appropriate	 

energy	use	related	behavior;

•		Perceptions	of	energy	use	related	behaviors	 

of	others;

Behavior Measures

•		Surveys	questions	about	beliefs	held	by	subjects	

about	what	energy	use	related	behavior	and	 

opinions are normatively correct before and  

after exposure to the educational treatment for 

treatment and control customers

Reported Energy Use Related Behavior

•		Reported	intention	to	take	actions	to	reduce	 

energy consumption

•		Reported	appliance	purchases

•		Reported	thermostat	settings

•		Reported	use	of	lighting	and	other	appliances

Behavior Measures

•		Surveys	questions	about	reported	energy	use	

related behaviors before and after exposure  

to the educational treatment for treatment and 

control customers

Energy Use

•		Energy	savings	resulting	from	providing	technology

Savings Measures

•		Observed	differences	in	monthly	or	annual	energy	

consumption	and	demand	(kWh,	therms)	for	 

treatment and control groups before and after 

treatment from billing systems
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7.3 - Protocol 3:  
Delineate Sub-segments of Interest

Education/Awareness	programs	are	sometimes	tar-
geted at multiple audiences (e.g., customers on time 
varying rates, disadvantaged customers, custom-
ers with certain heating or cooling devices, etc.). 
If there is a desire to understand how the program 
affects different market segments, it is important to 
recognize	these	different	segments	during	the	design	
process.	Protocol	3	requires	the	evaluator	to	identify	
all of the segments that are of interest in the study.

Complete the following table in as much detail as 
possible describing all of the segments that are of 
interest in the evaluation. Be careful to limit the 
segments to those that can be observed for both 
the	treatment	and	control	group	before	subjects	are	
assigned	to	treatment	groups.	For	example,	it	is	pos-
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sible to determine in advance of treatment whether 
a	household	is	on	a	rate	that	qualifies	for	a	discount	
or if it is on time varying rates. It is not possible 
to determine the approximate annual income of 
a household. The former are good candidates for 
pre-stratification,	while	the	later	are	not.	It	is	also	
important to limit the number of segments so that 
at least a few hundred observations can be taken 
within each segment and treatment level.

Please describe all of the segments that are of 

interest in the study.

In	Table	7-3,	please	use	one	line	for	each	segment	of	
interest.

  Table 7-3: Segments of Interest

Segments of Interest

7.4 - Protocol 4:  
Define the Research Design

Protocol	4	is	designed	to	guide	the	experimental	design	process	by	asking	evaluators	to	answer	key	questions	
designed to identify the theoretically correct design, as well as the practical realities that confront real-world 
social	experimentation.	When	completing	these	questions,	it	may	be	useful	to	refer	to	Section	4	of	this	docu-
ment	as	a	guide	to	selecting	the	experimental	design	that	best	supports	the	treatments,	objectives,	and	practical	
realities	associated	with	the	specific	experiment	under	consideration.

Please answer the following questions. 

Please	use	Table	7-4	to	complete	your	answers.	

   Table 7-4: Behavior and Energy Consumption Measures

Question
Behavior  
Measures

Energy Consumption 
Measures

Will	pre-treatment	data	be	available?

Does the appropriate data already exist on all subjects, or do  

measurements	need	to	taken	in	order	to	gather	pre-treatment	data?

How	long	of	a	pre-treatment	period	of	data	collection	is	required?

Is	a	control	group	(or	groups)	required	for	the	experiment?

Is it possible to randomly assign observations to treatment and 

control	groups?
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•	 Are	there	sub-populations	(strata)	for	which	
precise	measurements	are	required	(e.g.,	usage	
categories or other segments)?

•	 What	is	the	absolute	minimum	level	of	change	
in the dependent variable(s) that is meaningful 
from a planning perspective (e.g., 5% increase 
in expressed positive opinions related to saving 
energy)?

•	 How	much	sampling	error	is	permissible	 
(e.g., + or – 1%)?

•	 How	much	statistical	confidence	is	required	for	
planning purposes (e.g., 90%)?

•	 Are	pre-treatment	data	available	concerning	
outcome variable(s) of interest?

The	answers	to	the	above	questions	will	greatly	
influence	the	design	of	the	samples	to	be	used	in	the	
study. They cannot and should not be answered by 
the	sampling	statistician.	The	answers	to	these	ques-
tions must be informed by the policy considerations. 
They have to be made by the people who will use 
the information to make decisions given the results. 
Once	these	requirements	have	been	developed,	 
a sampling expert can then determine the  
sample	composition	and	sizes	needed	to	meet	 
the	requirements.

Using the framework outlined in Chapter 4 describe 
the evaluation research design that will be used 

during the evaluation. 

This description should explain what type of re-
search design will be used (e.g., RCT, RED, Regres-
sion	Discontinuity,	Non-Equivalent	Control	Groups,	
Within	Subjects,	etc.)	It	should	describe	the	treat-
ment groups and control groups and any segmenta-
tion (e.g., customer type, usage category, etc.) that is 
contemplated. In the case of true experiments, the 
design should be presented in a table of the kind 
presented	in	Section	5.2.2	where	treatments	are	
described on the column headings and segments 
are described on the rows. If random assignment is 
either inappropriate or impossible to achieve, the 
description should explicitly discuss how suitable 
comparison	groups	will	be	identified	or	how	the	
design otherwise provides a comparison that allows 
an assessment of the impact of the treatment on 
behavior and energy consumption.

7.5 - Protocol 5:  
Define the Sampling Plan

Once the appropriate experimental design has been 
selected, a sample plan must be developed. Obvi-
ously, experimental design and sampling go hand in 
hand. While an in depth discussion of sample design 
would	lead	us	far	afield	of	the	focus	of	research	
design, there are certain critical issues that have to 
be addressed in any sample design used to study the 
impacts of behavioral interventions. They are:

•	 Are	the	results	of	the	research	intended	to	be	
extrapolated beyond the experimental setting to 
a broader population (e.g., all households eligible 
to receive the education in the region served by 
OPA)?

•	 Will	measurements	of	behavior	change	involving	
surveying be taken for only a subset of treatment 
and control customers?
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trol group customers) needed to detect it. Because 
changes	in	attitudes	and	beliefs	often	result	in	small	
or negligible changes in energy consumption in 
the	short	run	it	is	difficult	to	directly	translate	such	
changes into cost effectiveness calculations using 
energy savings. So it is not really possible to directly 
identify detection thresholds for attitude change 
for	purposes	of	setting	sample	sizes	(as	it	is	when	
designing samples to detect a change in energy 
consumption). 

Correspondingly it is probably more appropri-
ate to fall back onto conventional expectations for 
statistical precision and power that are used in social 
science investigations. By convention, we recom-
mend that all samples used in measuring changes in 
beliefs and attitudes related to education programs 
be designed to produce no more than plus or minus 
10%	sampling	error.	That	is,	the	sample	sizes	should	
be selected so that a change of at least 10% in survey 
measurements	is	required	to	consider	the	education	
program effective. 

In	analyzing	the	results	obtained	from	a	statisti-
cal experiment, it is possible to make two kinds of 
inferential errors arising from the fact that one is 
observing samples taken from the populations of 
interest. One can incorrectly conclude that there 
is a difference between the treatment and control 
groups	when	there	isn’t	one	(because	we	are	observ-
ing samples). This is called a Type I error – also 
known as alpha. Or one can incorrectly conclude 
that	there	isn’t	a	difference	when	in	fact	there	is	one.	
This is called at Type II error – also known as beta. 
The challenge in designing experimental samples 
is	to	minimize	both	types	of	errors.	This	is	done	by	
choosing	sample	sizes	that	simultaneously	minimize	
their likelihoods.

Defining the Target Customer Population
With large scale educational interventions targeted 
at the general market, extrapolation is an important 
consideration. It will almost certainly be necessary 
in such interventions to study samples of treated 
and control group customers and to make inferences 
about the impacts of the educational intervention 
based on the differences between these samples. 
Correspondingly it will be necessary to draw rep-
resentative (i.e., random) samples from the treated 
and control groups in such a way as to permit cal-
culation of meaningful estimates of the population 
level impacts using appropriate sampling weights. 
To calculate weights for purposes of extrapolation, 
it is necessary to have a list of the members of the 
treated and control group populations, to sample 
randomly from those lists and to carefully observe 
any selection effects that might emerge in the 
sampling process so that the extrapolation can be 
adjusted	to	take	account	of	them.

If	precise	measurements	are	needed	for	specific	
sub-populations	(e.g.,	customer	types	or	size	cat-
egories), then it will be necessary to over-sample 
these customers to ensure that enough observations 
are present in relevant cells to precisely estimate the 
impacts of the treatment. These are called sampling 
strata	or	blocks	as	described	in	Section	3.

Precision of the Estimates
A	critical	requirement	in	developing	a	sample	design	
for any sort of experiment is a clear understanding 
of the minimum threshold of difference (between 
treated and control group customers) that is con-
sidered meaningful from the point of view of those 
who will be using the results in program planning. 
As	discussed	below,	the	size	of	the	difference	that	
will be considered to be meaningful has profound 
implications	for	the	required	sample	size.	In	general,	
the smaller the difference that must be detected, 
the	larger	the	sample	size	(of	treatment	and	con-
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difference. The likelihood of making a Type II error 
can be calculated for a given experiment and gener-
ally	decreases	as	sample	size	increases.	The	likeli-
hood of avoiding a Type II error is generally referred 
to as the statistical power of the sample design. The 
statistical	power	used	in	calculating	required	sample	
sizes	for	experiments	is	subjective	and,	in	modern	
times, has generally been set at about 90%. That is, 
it is set so that only one time in ten will the experi-
menter	incorrectly	conclude	that	there	isn’t	a	differ-
ence	of	a	specified	magnitude	when	indeed	there	is	
one.	For	Capacity	Building	experiments,	statistical	
power should probably be set at 90%.

The analysis approach used to estimate impacts can 
also	have	a	significant	impact	on	sample	sizes.	For	
example, sampling can be much more statistically 
efficient	if	the	effect(s)	of	the	treatment(s)	are	being	
measured as differences (e.g., pre-test, post-test) 
of ratios or as regression estimators. This is true 
because the variance of these parameters in popula-
tions	under	study	is	usually	quite	a	bit	smaller	than	
the variance of the raw variables, and the smaller the 
inherent variance of the measurements of interest, 
the	smaller	the	required	sample	size.	As	discussed	
below, panel regression methods with pre-test, post-
test	experimental	designs	can	significantly	reduce	
sample	sizes.	

Type I – Statistical Significance or Confidence
It is possible to calculate the likelihood of commit-
ting a Type I error from information concerning 
the inherent variation in the population of interest 
(the variance), the allowed sampling precision (as 
described	above	+/-	5%),	and	the	sample	size.	This	
probability is generally described as the level of 
statistical	significance	or	confidence.	It	is	often	set	to	
5%	so	that	the	sample	size	for	the	experiment	is	such	
that there is no more than 5% chance (one chance in 
20)	of	incorrectly	concluding	that	there	is	a	differ-
ence between the treatment and control group of 
a	given	magnitude,	when	there	really	isn’t	one.	Be	
careful not to confuse the sampling precision (+-5%) 
with the probability of Type I error 5%. They are not 
the same thing. However, as in the case of statisti-
cal	precision,	the	selection	of	alpha	is	subjective;	it	
depends	on	the	experimenter’s	taste	for	risk.	It	could	
be set to 1% or 10% or any other level with attendant 
consequences	for	confidence	in	the	results.	For	stud-
ies of the impact of education, it should probably be 
set to 5%. 

Type II – Statistical Power
Type II error is the converse of Type I error – con-
cluding that the treatment made no difference when 
in	fact	it	did.	For	a	given	population	variance,	speci-
fied	level	of	statistical	precision	and	sample	size,	
the probability of incorrectly concluding that there 
isn’t	a	difference	when	indeed	there	is	a	difference	is	
determined by the choice of alpha (the probability 
of	making	a	Type	I	error).	All	other	things	equal,	the	
lower the probability of making a Type I error, the 
higher the probability of making a Type II error. In 
other	words,	for	a	given	sample	size,	the	more	sure	
we	want	to	be	that	we	are	not	incorrectly	finding	a	
statistically	significant	difference,	the	less	sure	we	
can	be	that	we	have	missed	a	statistically	significant	
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7. If no control group is used, explain how the 
change in the outcome variables of interest will 

be calculated.

Please indicate the proposed sample sizes  

(within	the	treatment	cells)	for	the	study.

If	experiments	are	contemplated	(true	or	quasi-
experiments) please use the table format provided 
in	4.2.2	to	describe	the	distribution	of	sample	across	
treatment cells and strata.

7.6 - Protocol 6:  
Identify the Program Recruitment Strategy

Information/education	campaigns	typically	do	not	
involve recruitment. 

Please	answer	the	following	questions	pertaining	 
to sample planning:

1. Are the measurements from the experiment  

to be extrapolated to a broader population? 

a.	 If	yes,	indicate	whether	the	sample	will	be	stratified	
and	what	variables	will	be	used	in	the	stratification.

b. If no, describe the list of parties from which the 
sampling will be obtained. 

2. Are precise measurements required for  

sub-populations of interest?

a.  If yes, describe the sub-populations for which 
precise measurements are desired. 

3. What is the minimum threshold of difference that 
must be detected by the experiment? 

4. What is the acceptable amount of sampling error 
or statistical precision and acceptable level of 
statistical	confidence	(i.e.,	90%,	95%,	99%)?	

5. Will participants be randomly assigned to  
treatment and control conditions or varying 

levels of factors under study? 

a.	 If	yes,	do	you	expect	subjects	to	select	themselves	
into the treatment condition? 

b. If so, how will you correct for this selection  
process in the analysis and sample weighting? 

6. If subjects will not be randomly assigned to 
treatment and control conditions or varying 

levels of factors under study: 

a. Describe the process that will be used to select 
customers for the treatment group(s). 

b. Describe the process that will be used to select 
customers for the control group, and explain why 
this is the best available alternative for creating a 
non-equivalent	control	group.	
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7.	 What	is	the	expected	amount	of	time	needed	
by	subjects	to	implement	behavioral	changes	in	
response to the information provided? 

8. What is the minimum amount of time the ef-
fect	of	the	treatment	must	persist	to	cost-justify	
investment on the part of the utility?

9. If the duration of the experiment is shorter than 
the expected persistence of the treatment how 
will the determination be made as to whether 
the effect of the feedback persists long enough to 
be cost effective? 

10. How much time is needed between when the 
research plan is completed and approved, and 
when treatments are in place for experimental 
participants? 

11.	How	much	time	is	required	between	when	the	
final	data	are	obtained	from	the	experimental	
observations and when the analysis can be  
completed?

7.7 - Protocol 7:  
Identify the Length of the Study

In evaluating a behavioral intervention it is impor-
tant	to	understand	the	expected	time	required	to	
carry out the various aspects of the intervention, the 
expected onset time for the effect of the treatment 
and	its	expected	persistence	after	initial	treatment.	
These considerations will determine the length of 
time	that	is	required	to	assess	the	impact	of	the	
treatment and thereby determine the length of time 
for which the situation must be observed. 

Please answer the following questions pertaining  

to the experimental time frame.

1. Is it possible to observe the impacts of the  
treatment for at least two years? 

2.	 If	no,	how	will	the	persistence	of	the	effect	be	
determined? 

3.	 Do	pre-treatment	data	for	the	relevant	variables	
already exist or must time be allowed to obtain 
pre-treatment data? 

4.	 If	pre-treatment	data	do	not	already	exist,	how	
long must the pre-treatment period be to support 
the	experimental	objectives?

5.  If pre-treatment data do not already exist, can 
the experiment be conducted using only post-
treatment	data,	and	what	adjustments	to	sample	
design	will	be	required	to	employ	a	post-test-only	
design? 

6.	 What	is	the	expected	amount	of	time	required	for	
subjects	to	receive	and	understand	the	informa-
tion being provided to them? 
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7.8 - Protocol 8:  
Identify Data Requirements and Collection Methods

Please	complete	Table	7-5	identifying	the	data	requirements	and	data	collection	methods	for	each	data	element	
required	in	the	evaluation.	The	table	describes	three	types	of	data	–	energy	consumption	data,	data	describing	
the	behaviors	in	question	and	other	data.	

Table	7-5	should	be	completed	for	as	many	measurements	that	will	be	taken	during	the	course	of	the	study.	
For	example,	if	electric	and	gas	consumption	are	to	be	collected	as	part	of	the	evaluation	then	they	should	
be described in separate entries under energy consumption. The description of the variable should include a 
definition	of	the	variable	in	sufficient	detail	as	to	permit	third	parties	to	understand	what	the	measurement	
is.	It	should	describe	the	frequency	with	which	the	measurement	will	be	taken.	For	electricity	consumption,	
the variable might be monthly, hourly or even momentarily in the case of electricity consumption or demand. 
The	method	of	measurement	should	describe	how	the	data	will	be	collected	in	as	much	detail	as	is	required	to	
explain	the	data	collection	process.	If	utility	billing	data	will	be	used	it	is	sufficient	to	describe	the	source	and	
the intervals at which the data will be collected. If end-use metering or other measurement procedures are 
employed, then the technology as well as installation and data collection protocols should be described.

   Table 7-5: Measurements

Energy Consumption

Description	of	Variable

Frequency of measurement

Method of Measurement

Issues and Solutions

Behaviors of Interest

Description	of	Variable

Frequency of measurement

Method of Measurement

Issues and Solutions

Other	Data

Description	of	Variable

Frequency of measurement

Method of Measurement

Issues and Solutions

Behavior data is information describing the impact of the program on target behaviors. Examples of behav-
ior data that might be appropriate for feedback programs might include: reported recent history of appliance 
purchases, an inventory of energy saving actions taken since the start of the behavioral intervention, percep-
tions and opinions about energy use, reported conversations among the family or with neighbors about energy 
consumption, etc..

Other data includes all kinds of other data that might be useful in evaluating the impacts of the feedback  
programs including: weather data, data describing the response of the market to the program offering and  
market	data	describing	the	conditions	in	the	market	before,	during	and	after	the	behavioral	intervention	has	
taken place.
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65  Protocols for Evaluating Behavioral Programs        

8.1.1 Introduction

The following example of a behavioral training 
program is sponsored by OPA and offered by Heat-
ing, Refrigeration and Air Conditioning Institute 
of	Canada	(HRAI)	in	2013	and	2014.	It	is	designed	
to	improve	the	efficiency	of	installed	HVAC	units	
by training parties responsible for designing and 
installing units in best practices that should be fol-
lowed during the design and installation processes. 

Figure	8-1	graphically	displays	the	relationship	
between	the	rated	SEER	of	AC	equipment	and	the	
SEER that occurs as a result of installation practices 
–	called	the	field	adjusted	SEER.	It	indicates	that	
much	of	the	technical	potential	for	energy	efficiency	
can be lost during the installation process for a 
variety of reasons that are under the control of the 
parties	who	specify	the	size	of	the	components	that	
are to be installed and those who carry out the in-
stallation.	The	figure	indicates	that	as	much	as	40%	
of	the	technical	potential	for	the	energy	efficiency	of	
AC systems can be lost if proper design and installa-
tion practices are not followed.

Figure 8-1: Impacts of Installation Quality  
on	Realized	Energy	Efficiency

OPA and the HRAI have developed and implemented 
a program for training personnel responsible for 
designing and installing AC systems; and OPA has 
made successful completion of the training course 
a condition of participation by contractors in its 
AC	incentive	program	starting	in	2014.	The	ques-
tion is: how much impact is this training program 
having on the design and installation practices used 
in installing air conditioning systems both in terms 
of educating the delivery channel and in terms of 
energy saving.

8. Example Applications of the Protocols  
for Specific Behavioral Interventions  

In this section, example applications for the protocols that are specific to each of the 

different types of behavioral programs are presented. 

8.1 Capacity Building Program

In this section, an example of the application of the evaluation protocols to a training 

program is presented. It is intended to show the level of depth that is required to meet 

the requirements of the protocols and to illustrate the types of information that are 

required to answer the questions in the protocols.
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The Behaviors Targeted for Modification
Parties involved in the design and installation of 
HVAC	systems	make	a	number	of	decisions	that	
influence	performance	and	efficiency.	They	do	not	
always follow industry best practices because these 
practices are sometimes more time consuming and 
costly to carry out than are other less effective tech-
nical procedures. The behaviors that are targeted for 
change are:

1. Practices used to identify the size of the air condition-

ing system to be installed (i.e., tons of capacity) – to 
properly	size	an	HVAC	system	the	designer	
should make a heat gain calculation based on the 
area of the building, the amount of insulation in 
the	walls	and	ceiling,	the	size	and	types	of	win-
dows, the orientation of the house and the mount 
of shading. This design process is time consum-
ing	and	expensive;	and	consequently	simple	it	is	
often	substituted	by	ineffective	rules	of	thumb	or	
simple	replacement	of	pre-existing	equipment.

2.	 Use of appropriate procedures for matching coil size 

to exterior condensing – using ASHRAE reference 
documents;

3.	 Establishment of correct Air Flow over the coil – using 
the	manufacturer’s	specifications	for	the	unit

4.	 Properly designing and sealing ducts – ensuring that 
ducts are installed by professional sheet metal 
workers and are sealed

5. Correctly charging the system with refrigerant – using 
manufacturers’	specifications	to	established	ap-
propriate charge level based on local temperature 
and pressure conditions

6. Procedures for commissioning HVAC units – including 
proper system startup, cleaning and servicing of 
ductwork and providing documents and training 
to occupants concerning the use of the appliance.

The Mechanisms That Are  
Expected to Change Behavior
Training is designed to make designers and install-
ers	aware	of	the	negative	consequences	of	improper	
installation	techniques	for	comfort	and	system	per-
formance and thereby to cause them to apply best 
practices in future installations.

8.1.2 - Protocol 1:  
Definition of the Situation

Type of Program
The	HVAC	Contractor	Training	Program	is	a	
classroom training program consisting of a one 
day course in best practices to be used in designing 
and	installing	HVAC	systems.	It	was	offered	by	the	
HRAI	in	the	winter	and	spring	of	2013	and	is	being	
offered	again	in	the	winter	and	spring	of	2014.	It	is	
offered	on	a	first	come,	first	served	basis	in	a	num-
ber of locations throughout the province of Ontario.

In	the	program,	qualified	designers	of	AC	systems	
and installers receive a one day training course in 
best practices used in the design and installation 
of	HVAC	systems.	Subjects	covered	in	the	training	
include:

•	 Establishing	the	proper	system	size

•	 Matching	the	coil	size	to	the	outdoor	 
condensing unit

•	 Determination	of	correct	air	flow	rate

•	 Design	of	ducts	and	sealing	practices

•	 Refrigerant	charging

•	 Commissioning

The Target Population
The target population includes contractor person-
nel responsible for specifying the components that 
will	be	included	in	HVAC	systems	and	personnel	
responsible	for	installing	systems	in	the	field.
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Whether the Exposure to Training Can Be Controlled
Training	cannot	be	denied	to	applicants	for	several	reasons.	First,	contractors	seeking	to	participate	in	OPA’s	
Heating	and	Cooling	Incentive	(HCI)	program	are	required	to	complete	the	training	course	before	they	are	
eligible	to	participate	in	2014.	So,	denying	contractors	access	to	the	training	would	effectively	deny	them	access	
to the HCI – an anticompetitive practice that OPA should probably avoid. Second, contractors have to schedule 
their participation into a limited number of available locations for training; and limiting access to contrac-
tors	at	specific	locations	would	undoubtedly	cause	severe	disruptions	to	the	training	program	and	increase	the	
requirement	of	offering	more	training	in	more	places	than	currently	are	planned.

   Table 8-1: Ability to Control and Appropriate Experimental Design

Ability to Control Appropriate Experimental Design

Able to randomize presentation of treatment – mandatory  

assignment of subjects to treatment and control conditions – NO
Randomized Controlled Trial (RCT)

Able to deny treatment to volunteers – mandatory assignment  

of volunteers to treatment and control conditions – NO
RCT using recruit and deny tactic

Able to delay treatment to volunteers – mandatory assignment  

of volunteers to treatment and control conditions – NO
RCT using recruit and delay tactic

Able to randomly encourage subjects to accept treatment – NO Randomized Encouragement Design (RED)

Able to assign subjects to treatment based on qualifying interval 

measurement	(e.g.,	income,	usage,	building	size,	etc.) – NO
Regression Discontinuity Design (RDD)

Unable to assign subjects to treatments Quasi-experimental designs

The Outcomes that Will Be Observed
Several outcomes will be observed during the evaluation. They include: 

1. the fraction of AC installation professionals that receive the training;

2.	 the	extent	to	which	professionals	who	are	exposed	to	the	training	employ	best	practices	in	designing	 
and installing systems

3.	 changes	in	attitudes	about	using	best	practices	as	evidence	from	measurements	of	beliefs,	attitudes	 
and	opinions	before	and	after	training

4.	 the	improvement	in	energy	efficiency	resulting	from	training	of	the	professionals
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8.1.3 - Protocol 2:  
Description of the Outcome Variables to Be Observed

			Table	8-2:	Behavioral	Outcome	and	Operational	Definition.

Behavioral Outcome Operational	Definition

Training Programs 

•		Beliefs,	attitudes	and	opinions	about	best	practices	

recommended for designing and installing AC units

•		Application	of	best	practices	in	calculating	system	 

size requirements and applying other technical and 

non-technical practices involved in installation. 

Behavior Measures

•		Comparison	of	actual	work	before	and	after	 

training for treated trainees, 

•		Comparison	of	reported	installation	practices	 

before and after training,

•		Knowledge	and	opinions	(as	measured	by	test)	 

of trainees and comparison group

Training Programs 

•		Efficiency	of	installed	HVAC	systems

Savings Measures

•		Comparison	of	SEER	of	systems	installed	by	 

treated contractors before and after training

•		Estimated	annual,	monthly,	hourly	energy	savings	 

given average SEER difference

8.1.4 - Protocol 3:  
Sub-segments of Interest

According to market research carried out during the development of the training course, sales personnel and 
installers are responsible for different aspects of the AC installation or replacement process. Sales personnel are 
primarily	responsible	for	specifying	the	system	components	(i.e.,	size	of	unit,	condenser	size,	etc.)	and	install-
ers	are	responsible	for	putting	the	system	together	in	the	field.	In	smaller	organizations,	the	contractor	may	be	
responsible for all aspects of the design and installation. In any case, market researchers reported that installers 
are generally knowledgeable about best practices, but may not apply them because of practical barriers associ-
ated with concern about the willingness of buyers to accept increased time and cost associated with doing the 
job	right.	They	also	indicated	that	sales	personnel	sometimes	did	not	have	the	technical	training	required	to	
carry out best practices.

Therefore,	it	is	appropriate	to	segment	the	training	market	according	to	these	basic	job	categories	listed	 
in	Table	8-3.	

   Table 8-3: Segments of Interest

Segments of Interest

Two	different	job	classifications	that	are	of	concern	in	this	training	program.	They	are:

•		Sales/design personnel	–	back	office	personnel	who	work	with	customers	to	specify	the	design	 

and	cost	of	the	system	that	will	be	installed	on	the	premises	of	interest

•		Installers	–	field	personnel	who	are	responsible	for	installing	and	commissioning	the	HVAC	system
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•	 Surveying	2014	students	concerning	their	knowl-
edge, opinions and installation practices prior to 
training. This survey will be more or less identi-
cal	in	content	to	the	survey	carried	out	with	2013	
students

•	 Comparison	of	installations	of	HVAC	systems	
completed	in	the	summer	and	fall	of	2013	by	
parties	who	were	trained	in	2013	with	HVAC	
systems installed during the same period by par-
ties	who	are	trained	in	2014.	Careful	engineering	
reviews	of	the	subject	installations	before	and	
after	training	will	be	carried	out	to	determine	
whether:

	 a.	 they	have	been	properly	sized;
 b. the coil has been properly matched with the  

 outdoor condensing unit
	 c.	 the	air	flow	rate	is	correct
 d. the ducts are properly connected and sealed
 e. the refrigerant charge of the unit(s) is correct
 f. it was properly commissioned.

It is not possible to control the assignment of train-
ees to treatment and control groups in this case. 
However, the program is being offered in succes-
sive years in the same geographical locations to the 
same populations of students (i.e., installers and 
sales	personnel	in	HVAC	contracting	firms);	and,	
given this situation, it is possible to compare the 
knowledge, opinions and installation practices used 
by	parties	who	have	received	training	(in	2013)	with	
the knowledge, opinions and installation practices 
of those who have not (i.e., those who do not receive 
training	until	2014).	This	effort	requires:

•	 Surveying	2013	students	concerning	their	
knowledge, opinions and installation practices 
during	the	2014	training	period.	This	survey	will	
be	designed	to	observe	the	knowledge	that	2013	
student	retained	from	the	2013	course,	their	be-
liefs about the importance of using best practices 
as well as their reported use of best practices. It 
should also contain a section designed to observe 
their	report	of	the	extent	to	which	the	2013	train-
ing changed their practices.

8.1.5 - Protocol 4:  
The Proposed Research Design

Table	8-4	summarizes	the	situation	leading	to	the	proposed	research	design.

   Table 8-4: Behavior and Energy Consumption Measures

Question Behavior Measures
Energy Consumption 
Measures

Will	pre-treatment	data	be	available? NO NO

Does the appropriate data already exist on all  

subjects,	or	do	measurements	need	to	taken	in	 

order	to	gather	pre-treatment	data?

The pre-treatment measurements  

on	behavioral	indicators	will	be	 

taken	prior	to	commencement	of	

classroom instruction

NO

How	long	of	a	pre-treatment	period	of	data	 

collection	is	required?
N/A N/A

Is a control group (or groups) required for the  

experiment?
NO NO

Is it possible to randomly assign observations  

to	treatment	and	control	groups?
NO NO
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the comparisons that are sought. Intensive follow up 
efforts	may	require	repeated	contacts	with	survey	
respondents	and	significant	economic	incentives.	
Such intensive survey efforts will lead to relatively 
expensive survey costs.

Moreover, comparisons of the installation prac-
tices	before	and	after	training	must	be	carried	out	
by	qualified	field	engineers	who	will	spend	at	least	
two hours at each site. This will lead to engineering 
evaluation	costs	of	approximately	$300	per	site.

The	sample	sizes	selected	for	this	evaluation	are	
sufficient	to	measure	the	prevalence	of	knowledge,	
opinions and installation practices to within plus 
or	minus	10%	precision	with	95%	confidence.	The	
sample	sizes	required	for	each	of	the	study	elements	
are shown in Table 8-5.

8.1.6 - Protocol 5:  
The Sampling Plan

All of the parties who seek training under the pro-
gram	in	2013	and	2014	will	receive	training	and	in	
an ideal world the experience of the entire popula-
tion of students would be used to assess the impacts 
of the program. However, the measurements re-
quired	to	assess	the	effectiveness	of	the	program	are	
expensive. In order to compare the survey responses 
of	parties	who	received	training	in	2013	and	2014,	
it will be necessary to intensively follow up survey 
efforts with all parties to ensure that response rates 
are nearly identical for both groups. This is neces-
sary because even small differences in response rates 
might be responsible for subtle differences in survey 
results between the two groups and thus invalidate 
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   Table 8-5: Study Element and Sample Size

Study Element Sample Size

Survey of 2013 trainees •		100	sales	personnel

•		100	installers

Survey of 2014 trainees •		To	be	completed	on	intake	into	the	classroom	for	all	2014	trainees

Survey of installations •		100	installations	made	by	2013	trainees	in	2013

•		100	installations	made	by	2014	trainees	in	2013

•		100	installations	made	by	2013	trainees	in	2014

•		100	installations	made	by	2014	trainees	in	2014
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8.1.8 - Protocol 7:  
The Length of the Study

The extent to which trainees adopt and use the 
practices contained in the training can be observed 
immediately	after	training	takes	place.	It	will	also	be	
possible to observe the persistence of the practices 
that are adopted by examining installations that are 
made	by	2013	trainees	in	the	second	year	after	their	
training. The period of the study will be two years.

8.1.9 - Protocol 8:  
Data Collection Requirements

Table	8-6	describes	the	data	collection	require-
ments for the evaluation. It outlines three types of 
data that will be collected during the study – energy 
consumption data measured at sites where trained 
and untrained installers are working; compliance 
with best practices measured at sites where trained 
and untrained installers are working and results of 
survey measurements of knowledge and reported 
applications	of	best	practices	before	and	after	 
training.

8.1.7 - Protocol 6:  
The Program Recruitment Strategy

Contractors are being recruited to the training on 
a	first	come,	first	served	basis.	All	contractors	who	
seek to participate in the HCI program must com-
plete	the	training	course	prior	to	the	2014	cooling	
season. 

All	trainees	in	the	2014	training	will	be	compelled	to	
complete the knowledge, opinions and practice sur-
vey prior to their training. However, it will be neces-
sary to collect survey answers from prior trainees by 
surveying	them	after	the	fact	of	their	training.	This	
survey should be carried out using a combination of 
internet and telephone interviewing; and it should 
be assumed that a nominal incentive (i.e., $100) will 
be provided to parties who complete the survey. 

It will also be necessary to obtain lists of installa-
tions that can be inspected to determine the degree 
to which trainees are adopting and maintaining 
best practices for trainees completing their train-
ing	in	2013	and	2014.	To	ensure	the	cooperation	of	
contractors, it should be assumed that surveyors will 
provide a nominal incentive to contractors for each 
address they provide for evaluation. Each contrac-
tor will be asked to provide 10 addresses for review 
–	with	a	nominal	incentive	of	$25	per	address.	
Homeowners will also be provided with incentives 
for permitting evaluators to review their installation.
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Table 8-6: Data Collection Requirements
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8.2.2 - Protocol 1:  
Definition of the Situation

Type of Program
The California Mandatory TOU Awareness Cam-
paign is designed to inform selected non-residential 
customers that they are about to be defaulted on to 
time varying rates. The information campaign was 
carried	out	in	the	late	summer	and	early	fall	of	2012	
and	2013	and	will	be	carried	out	again	in	2014	prior	
to the default assignment of selected customers on 
to time varying rates in November of each year. In 
the months preceding November customers receive 
bill inserts, direct mail letters and, for custom-
ers who might experience large cost increases, 
telephone calls informing them of the impending 
change in their rates.

The purpose of the information campaign is to 
ensure that customers understand that their rates 
are going to change; that in some cases their 
electricity costs may increase; that they can lower 
their electricity costs by reducing their electricity 
consumption overall and by changing the time of 
day during which they used electricity. The informa-
tion campaign also explains why the rate change is 
necessary and that customers will no longer be able 
to	subscribe	to	flat	rates.		

8.2.1 Introduction

The following example of an awareness campaign 
is being sponsored by the California Public Utili-
ties	Commission	in	2012,	2013	and	2014.	Dur-
ing each of these years a randomly chosen subset 
of	approximately	1/3rd	of	all	small	and	medium	
sized	commercial	and	industrial	customers	served	
by investor owned utilities in California is being 
defaulted on to time varying rates. To ensure that 
customers understand how costs change with time 
of day; that their electricity costs might change as a 
result of being assigned to the new rate; that there 
were actions they could take to avoid cost increases 
and that they could no longer receive service under 
their former rates, a public information campaign 
is being implemented. In this campaign customers 
who are about to be defaulted are informed by direct 
mail and telephone of the rate change; and what they 
might be able to do to control their energy costs. 
As part of the ongoing effort to ensure that custom-
ers are informed, an evaluation of the effectiveness 
of the information campaign is being undertaken. 
The	objective	of	the	evaluation	is	to	determine	how	
effective the information campaign is in informing 
customers of the impending rate change and what 
they might do about it.
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8. Example Applications of the Protocols  
for Specific Behavioral Interventions 

8.2 Education or Awareness Campaign

In this section, an example of the application of the evaluation protocols to an  

education/awareness campaign is presented. It is intended to show the level of depth 

that is required to meet the requirements of the protocols and to illustrate the types of 

information that are required to answer the questions in the protocols.
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The Mechanisms that Are Expected  
to Change Behavior
The information campaign is intended to make 
customers aware of the impending rate changes and 
inform them of the actions they can take to control 
their electricity costs. Customers are expected to 
change the timing and magnitude of their electricity 
consumption	after	they	are	informed.

The Target Population
The target population includes non-residential cus-
tomers that will be assigned to time varying rates in 
each defaulting period (i.e., November of each year). 
Within these overall populations there is also a need 
to provide more intensive effort to inform custom-
ers that are likely to experience relatively large bill 
impacts.

The Behaviors Targeted for Modification
Defaulting non-residential customers to time vary-
ing rates is expected to cause them to lower their 
electricity consumption during peak hours – possi-
bly	shifting	consumption	to	periods	before	and	after	
the peak period. Customers can make a wide variety 
of changes to reduce their electricity costs under 
time varying rates. These include:

•	 Pre-cooling	their	businesses	to	reduce	the	
amount	of	energy	required	to	run	air	condition-
ing during the peak;

•	 Replacement	of	inefficient	equipment	with	equip-
ment that will use less electricity during the peak; 
and

•	 Reducing	their	demand	for	electricity	during	the	
peak	by	turning	off	unneeded	equipment.

To undertake any of the above actions, customers 
must be aware of the impeding change in their rates; 
understand how their electricity costs might be 
affected and understand how they can lower those 
costs.
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Whether the Exposure to Education Can Be Controlled
Education cannot be denied to parties who are about to be defaulted onto a time of use rate. Indeed the entire 
purpose	of	the	information	campaign	is	to	ensure	that	all	parties	who	are	about	to	experience	a	significant	rate	
change, are aware of it and understand how to respond to it. 

   Table 8-7: Ability to Control and Appropriate Experimental Design

Ability to Control Appropriate Experimental Design

Able to randomize presentation of treatment – mandatory  

assignment of subjects to treatment and control conditions – NO
Randomized Controlled Trial (RCT)

Able to deny treatment to volunteers – mandatory assignment  

of volunteers to treatment and control conditions – NO
RCT using recruit and deny tactic

Able to delay treatment to volunteers – mandatory assignment  

of volunteers to treatment and control conditions – NO
RCT using recruit and delay tactic

Able to randomly encourage subjects to accept treatment – NO Randomized Encouragement Design (RED)

Able to assign subjects to treatment based on qualifying interval 

measurement	(e.g.,	income,	usage,	building	size,	etc.) – NO
Regression Discontinuity Design (RDD)

Unable to assign subjects to treatments Quasi-experimental designs

While this is the case, the parties who are being defaulted onto time varying rates in each year are a randomly 
selected subset of all non-residential customers in California. A randomly selected subset of non-residential 
customers	was	defaulted	onto	time	varying	rates	in	November	of	2012.	In	the	fall	of	2013,	another	randomly	
selected subset of non-residential customers was defaulted; and another randomly selected subset will be 
defaulted	in	2014.	While	the	evaluator	was	not	in	direct	control	of	the	assignment	of	customers	to	the	year	
during which the information program was carried out, the random selection of customers to default each year 
and	the	annual	timing	of	the	notification	and	defaulting	process,	make	it	possible	to	interpret	the	results	of	the	
notification	campaign	as	though	it	was	a	true	experiment.

The Outcomes that Will Be Observed
The	outcomes	of	interest	for	this	program	are	the	customers’	understanding	of	how	time	varying	rates	work;	
their awareness of the fact that they are about to be defaulted on to time varying rates; their understanding that 
their electricity costs may change as a result of the change to time varying rates and their understanding of the 
options they have for controlling their costs when they are defaulted. 
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8.2.3 - Protocol 2:  
Description of the Outcome Variables to Be Observed

			Table	8-8:	Behavioral	Outcomes	and	Operational	Definition

Behavioral Outcome Operational	Definition

Awareness Campaign

•		Understanding	of	time	of	use	rates

•		Awareness	that	they	will	be	defaulted	on	to	time	

varying rates in November of the assignment year

•		Understanding	that	their	cost	of	electricity	may	

change	when	they	are	assigned	to	time	varying	rates

•		Awareness	of	changes	they	can	make	in	their	opera-

tion	in	order	to	lower	their	electricity	consumption

•		Recollection	of	the	sources	of	information	through	

which	they	received	information.	

Behavior Measures

•		Comparison	of	reported	knowledge	about	time	of	

use	rates,	awareness	of	impending	change	in	rates,	

understanding	of	likely	bill	impacts	and	awareness	of	

cost	saving	alternatives	for	customers	who	have	been	

exposed	to	the	awareness	campaign	and	those	who	

have	not	been	exposed	to	the	awareness	campaign,	

•		Information	to	be	obtained	by	surveying	parties	 

who	were	and	were	not	exposed	to	the	awareness	

campaign in summer and fall of 2013.

Awareness Campaign

•		Change	customer	load	shape

Load Impact Measures

•		Comparison	of	changes	in	load	shapes	for	customers	

who	have	been	defaulted	on	to	time	varying	rates	and	

those	who	have	not	–	using	interval	data	supplied	by	

utilities

8.2.4 - Protocol 3:  
Sub-segments of Interest

The cost differentials for the time varying rates to which customers are being defaulted are not very extreme. 
So, most customers will not experience very large bill impacts as a result of the rate change. However, some cus-
tomers	with	very	large	energy	use	and	customers	with	very	significant	usage	on-peak	may	experience	very	large	
bill impacts. Customers who were expected to experience large expected bill impacts received more intensive 
communications efforts. An effort was made by utility representatives to contact these customers personally to 
ensure	they	were	informed	of	the	impending	rate	change	and	the	likely	consequences	for	their	electricity	cost.	

Since the awareness program is different depending on the expected impact of the rate change on the custom-
ers,	and	the	fraction	of	customers	who	will	experience	significant	bill	impacts	is	relatively	small	(i.e.,	about	
10%), it makes sense to focus on these two different segments during the evaluation.

   Table 8-9: Segments of Interest

Segments of Interest

Two	different	customer	types	are	of	concern	during	this	awareness	evaluation.	They	are:

•		Customers	who	will	experience	relatively	small	bill	impacts	(i.e.,	<	5%	changes)	as	a	result	 

of being defaulted on to time varying rates. 

•		Customers	who	will	experience	significant	bill	impacts	(i.e.,	>	5%	changes)	as	a	result	of	being	 

defaulted on to time varying rates.
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While it is not possible to control the assignment of 
customers to treatment and control groups in this 
case; as explained above, customers were randomly 
assigned to three cohorts for purposes of default-
ing them to the new time varying rates. One of the 
randomly chosen groups was defaulted on to time of 
use	rates	in	2012.	Another	was	defaulted	in	2013	and	
the	final	group	will	be	defaulted	in	2014.	Because	 
of	random	assignment,	the	2013	and	2014	groups	
are identical in all respects save the fact that the 
2013	group	received	the	awareness	campaign	in	 
the	fall	of	2013.	

In effect, this program design produced a random-
ized	controlled	trial	(RCT)	with	a	delayed	treatment	
(for the parties who will experience the awareness 
campaign	in	2014).	

The effects of the awareness campaign on customer 
knowledge and awareness of the impending rate 
change will be measured by surveying the following 
groups of customers:

•	 those	who	were	exposed	to	the	awareness	cam-
paign	in	fall	of	2012,	were	subsequently	defaulted	
on to time varying rates and experienced those 
rates	for	a	period	of	approximately	14	months;

•	 those	who	were	exposed	to	the	awareness	cam-
paign	in	2013	and	were	subsequently	defaulted	
on	to	time	varying	rates	in	November	of	2013	
(i.e., those who experience the awareness cam-
paign	in	the	fall	of	2013);	and

•	 those	who	have	not	yet	been	exposed	to	the	
awareness campaign.

The	questions	on	the	surveys	concerning	the	cus-
tomers’	knowledge	of	time	varying	rates,	the	likely	
impacts of those rates on their electricity cost, the 
actions	they	can	take	to	minimize	their	costs	and	
their awareness that they are about to be defaulted 
on to those rates will be basically identical for 
all three surveys. However, customers who were 
defaulted	in	2012	will	also	be	asked	about	their	ex-
perience with the new rates and whether they have 
made any changes in their operation in response to 
the	price	changes.	Those	who	were	defaulted	in	2013	
will also be asked about their plans or intentions to 
change their operations in anticipation of the need 
to lower the impacts of time varying rates on their 
electricity costs. 

Customers who will not experience the awareness 
campaign	until	2014	will	provide	measurements	of	
the levels of knowledge and awareness that are pres-
ent absent the information campaign.

8.2.5 - Protocol 4:  
The Proposed Research Design

Table	8-10	summarizes	the	situation	leading	to	the	proposed	research	design.	

   Table 8-10: Behavior and Energy Consumption Measures

Question
Behavior 
Measures

Energy Consumption 
Measures

Will	pre-treatment	data	be	available? NO YES

Does the appropriate data already exist on all subjects, or do  

measurements	need	to	taken	in	order	to	gather	pre-treatment	data?

NO YES

How	long	of	a	pre-treatment	period	of	data	collection	is	required? N/A 1 Year

Is	a	control	group	(or	groups)	required	for	the	experiment? YES YES

Is it possible to randomly assign observations to treatment and control 

groups?

NO* NO*
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8.2.6 - Protocol 5:  
The Sampling Plan

As explained above, to assess the effectiveness of the awareness campaign customers who do and do not experi-
ence the awareness campaign will be surveyed. The population receiving the awareness campaign each year is 
relatively	large	(i.e.,	>	150,000)	and	survey	measurements	of	the	kind	required	to	observe	the	impacts	of	the	
awareness campaign are expensive. In order to compare the survey responses of parties who are exposed to 
the awareness campaigns in the various years, it will be necessary to intensively follow up survey efforts with 
all parties to ensure that response rates are nearly identical for all populations under study. This is necessary 
because even small differences in response rates might be responsible for subtle differences in survey results 
between the study groups and thus invalidate the comparisons that are sought. Intensive follow up efforts may 
require	repeated	contacts	with	survey	respondents	and	significant	economic	incentives.	Such	intensive	survey	
efforts	will	lead	to	relatively	expensive	survey	costs.	For	these	reasons	it	will	be	necessary	to	sample	customers	
for purposes of surveying.

The	sample	sizes	selected	for	this	evaluation	are	sufficient	to	measure	the	prevalence	of	knowledge,	opinions	
and	reactions	to	rate	changes	to	within	plus	or	minus	5%	precision	with	95%	confidence.	The	sample	sizes	
required	for	each	of	the	study	elements	are	shown	in	Table	8-11.

   Table 8-11: Study Element and Sample Size

Study Element Sample Size

Survey of customers receiving information 

in	the	2012	awareness	campaign	

•	150	customers	with	high	bill	impacts

•	250	customers	with	normal	bill	impacts

Survey of customers receiving information 

in	the	2013	awareness	campaign	

•	150	customers	with	high	bill	impacts

•	250	customers	with	normal	bill	impacts

Survey	of	customers	who	have	not	

experienced	awareness	campaign	

•	150	customers	with	high	bill	impacts

•	250	customers	with	normal	bill	impacts
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8.2.9 - Protocol 8:  
Data Collection Requirements

Table	8-12	describes	the	data	collection	require-
ments for the evaluation. It outlines two types of 
data that will be collected during the study – hourly 
electricity load data measured for parties who were 
and were not exposed to the awareness campaigns 
before	and	after	exposure	and	survey	measurements	
indicating the impacts of the awareness campaigns 
on knowledge, awareness and planned actions 
related to electricity consumption. The same survey 
instrument is used on all three treatment popula-
tions	and	for	most	of	the	questions	on	the	survey	
it is possible to compare the responses from the 
different populations to discern the impacts of the 
awareness program

8.2.7 - Protocol 6:  
The Program Recruitment Strategy

Lists	of	parties	who	experienced	either	the	normal	
or	enhanced	awareness	campaigns	during	2012	or	
2013	will	be	obtained	from	the	investor	owned	utili-
ties, along with lists of customers who have not yet 
been exposed. These lists will be used for sampling 
customers	into	the	required	surveys.	

To ensure the cooperation of customers selected for 
the study, surveyors will provide a nominal incentive 
to customers who complete the survey forms on the 
internet, in the mail or on the telephone. The incen-
tive	will	be	$40.

8.2.8 - Protocol 7:  
The Length of the Study

The awareness campaign is taking place over a three 
year interval. The impacts of the information cam-
paign will be assessed during the second year.
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Table 8-12: Data Collection Requirements
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8.3.1 Introduction

The following example of a pilot information 
feedback program is being implemented by one of 
Ontario’s	LDCs.	The	pilot	includes	a	combination	of	
feedback mechanisms including:

•	 A	welcome	package	explaining	the	purpose	of	the	
Home Energy Reports (HER);

•	 Printed	Energy	Reports	(ER)s	delivered	5	times	
per year comparing selected consumers with 
neighbors	and	efficient	neighbors	and	occasion-
ally providing information promoting utility 
sponsored	energy	efficiency	offerings;	and

•	 A	website	portal	allowing	customers	to	access	de-
tailed information about their energy consump-
tion along with the ability to set energy savings 
goals, track progress and obtain energy saving 
recommendations; and

The program will be provided to 50,000 customers 
over the course of one year. 

8.3.2 - Protocol 1:  
Definition of the Situation

Type of Program
The pilot is designed to evaluate the behavior change 
and energy savings resulting from providing a 
combination	of	information	feedback	techniques	to	
selected customers. The core of the pilot program is 
a printed direct mail report that is periodically sent 
to households that contains a graphical comparison 
of the electricity (and sometimes gas) consumption 
of	the	subject	household	with	that	of	“neighbours”	
and	efficient	“neighbours”.	The	neighbours	and	
efficient	neighbors	are	households	located	nearby	
with	homes	of	similar	size	and	age	(if	known).	In	
addition these reports sometimes contain recom-
mended energy savings tips and promotions of 
utility	sponsored	energy	efficiency	programs.		In	ad-
dition to printed reports the Pilot will provide a web 
portal to customers allowing them to observe their 
electricity consumption; to set energy saving goals; 
to track their progress toward goals and to receive 
and process energy savings recommendations.
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8. Example Applications of the Protocols  
for Specific Behavioral Interventions 

8.3 Information Feedback Programs

In this section, an example of the application of the evaluation protocols to an  

information feedback campaign is presented. It is intended to show the level of depth 

that is required to meet the requirements of the protocols and to illustrate the types of 

information that are required to answer the questions in the protocols.
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The Mechanisms that Are  
Expected to Change Behavior
ERs are designed to modify consumer behavior by 
providing consumers with a normative comparison to 
other	“similar”	households.	According	to	normative	
theory, in situations in which humans are uncertain 
about how to behave or how the world should appear, 
they	often	formulate	their	intentions	and	opinions	
by referring to the experience of others who they re-
spect. In the case of energy consumption, consumers 
have no basis for determining whether the amount of 
energy they are using is normal compared to the be-
havior of others. In theory, providing high users with 
information that indicates that they are using a large 
amount of energy should cause them to investigate 
their energy use in an effort to identify whether they 
are engaging in wasteful practices that are leading 
their energy use to be abnormally high. As a result of 
these investigations consumers are likely to modify 
energy use related behaviors in order to lower their 
energy consumption.

The Target Population
The target population includes residential customers 
residing	in	the	LDC’s	service	territory.	

The Behaviors Targeted for Modification
Residential customers engage in a wide range of 
behaviors that can be affected by the information 
in	ERs.	They	control	the	utilization	of	lighting,	the	
temperature of the thermostat in the home, the 
use	of	office	and	home	entertainment	equipment,	
water temperatures used in showering, clothes and 
dish washing, the length of dish and cloths washing 
cycles	and	the	purchase	of	energy	using	equipment	
from	light	bulbs	to	major	appliances.	All	of	these	
choices	are	behaviors	that	are	subject	to	modifica-
tion by HER feedback. Changes in these behaviors 
are expected to produce changes in energy con-
sumption.
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Whether the Exposure to the Feedback Can Be Controlled
It is possible to control the presentation of feedback in the ERs and the proposed website. A RCT is the most 
powerful research design available for studying behavior. It should be used in this study.

   Table 8-13: Ability to Control and Appropriate Experimental Design

Ability to Control Appropriate Experimental Design

Able to randomize presentation of treatment – mandatory  

assignment of subjects to treatment and control conditions – YES
Randomized	Controlled	Trial	(RCT)

Able to deny treatment to volunteers – mandatory assignment  

of volunteers to treatment and control conditions – YES
RCT using recruit and deny tactic

Able to delay treatment to volunteers – mandatory assignment  

of volunteers to treatment and control conditions – YES
RCT using recruit and delay tactic

Able to randomly encourage subjects to accept treatment – YES Randomized Encouragement Design (RED)

Able to assign subjects to treatment based on qualifying interval 

measurement	(e.g.,	income,	usage,	building	size,	etc.) – YES
Regression Discontinuity Design (RDD)

Unable to assign subjects to treatments – NO Quasi-experimental designs

The Outcomes that Will Be Observed
The	outcomes	of	interest	for	this	program	are	the	customers’	awareness	of	the	ERs,	their	acceptance	of	the	
characterization	of	their	energy	use	provided	in	the	ERs	(i.e.,	whether	it	is	abnormally	high	or	low),	their	use	of	
the website and their energy use. 
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8.3.3 - Protocol 2:  
Description of the Outcome Variables to Be Observed

		Table	8-14:	Behavioral	Outcome	and	Operational	Definition

Behavioral Outcome Operational	Definition

Feedback

•		Awareness	of	the	ERs

•		Reported	website	access

•		Whether	they	find	the	information	contained	in	ERs	credible

•		Whether	they	believe	they	are	using	an	relatively	large	

amount of energy

•		Whether	they	believe	it	is	important	to	control	 

their energy use

•		Whether	they	have	identified	changes	in	their	energy	 

use	to	lower	their	energy	consumption

•		What	actions	they	have	taken	to	lower	their	energy	use

Behavior Measures

•		Representative	samples	of	treatment	and	

control	group	customers	will	be	surveyed	to	

observe	their	answers	to	questions	designed	 

to measure the behavioral outcomes described 

on the left side of the table.

•		The	frequency	and	extent	of	website	access	 

by parties in the treatment and control groups 

will	be	observed	and	compared.	

Feedback

•		Change	in	energy	consumption
Energy Consumption

•		Energy	consumption	for	the	treatment	and	 

control	groups	will	be	measured	for	one	year	

before	the	onset	of	the	feedback	treatment,	 

during	the	feedback	period	and	after	the	 

feedback	is	removed.	Monthly	usage	 

information	will	be	used	to	compare	the	 

change in energy consumption

8.3.4 - Protocol 3:  
Sub-segments of Interest

Past implementations of neighbor based comparison programs have shown that the magnitude of savings var-
ies	with	the	magnitude	of	the	customer	energy	use.	Accordingly,	customers	in	the	top	two	quartiles	of	energy	
use	display	the	highest	relative	response	to	the	ERs.	However,	since	approximately	25%	of	customers	in	a	ran-
dom sample will naturally fall into each usage segment, there is no need to stratify by this variable.

   Table 8-15: Segments of Interest

Segments of Interest

•		None	required/	
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85  Protocols for Evaluating Behavioral Programs        8.3 Information Feedback Programs

At	the	conclusion	of	the	first	year,	treatment	and	
control group customers will be surveyed to observe 
difference in awareness of the messages in the ERs, 
customers’	perceptions	of	their	energy	use,	their	
interest in saving energy, the extent to which they 
think it is important to save energy, and behaviors 
they are engaging in to save energy. 

Energy savings will be observed by comparing the 
energy use of treatment and control households 
before	and	after	the	onset	of	treatment.	

The	research	design	for	this	project	is	a	randomized	
controlled trial (RCT) in which a random sample 
of	100,000	qualifying	residential	customers	of	the	
LDC	will	be	randomly	divided	into	two	equal	sized	
groups – treatment and control. The treatment 
group will be exposed to the feedback contained 
in the pilot. The experiment will take place over a 
two year interval with treatment group customers 
receiving 5 ERs per year. Treatment group custom-
ers will receive periodic promotional messages in 
their ERs and have access to a website in which they 
can study their energy use, set goals, track progress 
and view their neighbor comparisons. The control 
group will not receive ERs and will not have access 
to the website. 

8.3.5 - Protocol 4:  
The Proposed Research Design

Table	8-16	summarizes	the	situation	leading	to	the	proposed	research	design.	

   Table 8-16: Behavior and Energy Consumption Measures

Question
Behavior  
Measures

Energy Consumption 
Measures

Will	pre-treatment	data	be	available? NO YES

Does the appropriate data already exist on all subjects, or do  

measurements	need	to	taken	in	order	to	gather	pre-treatment	data?
NO YES

How	long	of	a	pre-treatment	period	of	data	collection	is	required? N/A 1 Year

Is	a	control	group	(or	groups)	required	for	the	experiment? YES YES

Is it possible to randomly assign observations to treatment  

and	control	groups?
YES YES
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8.3.6 - Protocol 5:  
The Sampling Plan

Despite	the	fact	that	only	25,000	total	customers	are	
required	to	detect	a	1%	change	in	energy	consump-
tion, the proposed treatment will be provided to 
50,000	customers	(to	realize	energy	savings	from	the	
pilot).	Because	the	LDC	serves	hundreds	of	thou-
sands of customers, it will be necessary to select a 
sample of customers to participate in the pilot. 

To select customers to participate in the pilot a ran-
dom sample of 150,000 residential customer records 
will	be	randomly	sampled	from	the	LDC’s	customer	
information system and delivered to the energy 
report vendor. The vendor will use these records to 
identify customers who are eligible to receive the 
treatment. Typically, this involves removing custom-
ers	for	which	it	is	impossible	to	define	neighbor	
groups.	This	file	will	then	be	returned	to	the	evalua-
tor who will randomly select 50,000 customers to be 
provided the treatment and 15,000 customers to be 
designated as control group members. The records 
for the 50,000 treatment customers will be provided 
to the report provider for use in preparing an send-
ing reports.
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As	explained	in	Protocol	4,	samples	of	treatment	
and control group customers will be surveyed to 
collect information regarding their awareness of the 
ER, their assessment of its relevance to their house-
hold, their opinions about the importance of saving 
energy,	and	their	reports	of	behaviors	that	influ-
ence energy consumption. It is extremely important 
that these surveys obtain relatively high response 
rates	and	that	non-response	adjustments	are	made	
in	the	event	that	significant	non-response	occurs	
(i.e.,	more	than	20%).	In	the	ideal	case,	the	surveys	
will be carried out in person using a cluster sam-
pling	technique.	Alternatively,	the	surveyors	might	
employ a combination of direct mail and internet 
surveying. Telephone surveying should not be used 
because of the low response rates that are obtained 
with this method and the known sampling biases 
that exist in telephone sample frames.

The	sample	sizes	selected	for	the	overall	treatment	
and	control	groups	are	sufficient	to	measure	the	
difference in energy consumption between treat-
ment and control customers to within plus or minus 
1%	with	95%	confidence.	The	sample	sizes	for	the	
proposed	surveys	are	sufficient	to	measure	the	be-
havioral measurements to within plus or minus 5% 
precision	with	95%	confidence.

The	sample	sizes	required	for	each	of	the	study	ele-
ments	are	summarized	as	shown	in	Table	8-17.

   Table 8-17: Study Element and Sample Size

Study Element Sample Size

Treatment •		50,000

Control •		15,000

Survey of treatment group customers •		450

Survey of control group customers •		450
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8.3.7 - Protocol 6:  
The Program Recruitment Strategy

As explained in Protocol 5 the list of customers who 
participate in the treatment and control groups in 
the	pilot	will	be	obtained	from	the	LDC.	Customers	
who are assigned to the treatment group will receive 
the treatment by default. That is, unless they opt out 
of the treatment it will be delivered to them. There is 
no need, therefore to recruit them.

However, the customers who will be surveyed as 
part	of	the	study	must	voluntarily	answer	the	ques-
tions that will be posed concerning behavior change. 
To ensure the cooperation of customers selected for 
the study, surveyors will provide a nominal incentive 
to	be	determined	in	consultation	with	EM&V	staff	
at OPA.

8.3.8 - Protocol 7:  
The Length of the Study

Evidence from prior studies of similar information 
feedback applications shows that impacts of ERs on 
energy consumption continue to grow for at least 18 
months and have been observed to occur as long as 
24	months	after	the	start	of	the	program.	Therefore,	
it is recommended that the duration of the treat-
ment	be	at	least	24	months.	

8.3.9 - Protocol 8:  
Data Collection Requirements

Table	8-18	describes	the	data	collection	require-
ments for the evaluation. It outlines two types of 
data that will be collected during the study – month-
ly electricity usage measured for parties who were 
and were not exposed to the treatment before and 
after	exposure;	and	survey	measurements	indicating	
the impacts of the feedback mechanism on knowl-
edge, awareness and planned actions related to elec-
tricity consumption. The same survey instrument 
will be used on the treatment and control groups 
for	most	of	the	questions	on	the	survey	making	it	is	
possible to compare the responses from the different 
populations to discern the impacts of the treatment.
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Table 8-18: Data Collection Requirements
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