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The Human Dimension of Program Evaluation 

Edward L. Vine 

Energy Analysis Program 
Energy & Environment Division 
Lawrence Berkeley Laboratory 
One Cyclotron Road 
Berkeley, CA 94720 

ABSTRACT 

Social science issues play an· important role in the evaluation of demand-side management 
(DSM) programs. In the very early years ofDSM program evaluation in the United States, there 
was a fair amount of social science research applied to the. behavionil aspects of energy 
efficiency. Since the mid-1980s, however, there has been a heavy emphasis on impact evalua­
tion, technical measurement, and engineering methodologies. Although some have articulated 
the need to integrate behavioral research into energy evaluation, most emphasis has tended to 
center on the technical/engineering aspects. 

Increasingly, however, the realization is growing that it is necessary to integrate important 
behavioral variables into impact evaluation techniques. In addition, it is being further recog­
nized that behavioral research questions are central to a number of critical evaluation issues: e.g., 
design of samples for evaluation studies, net energy savings, self-selection bias, free riders and 
free drivers, persistence of energy savings, process evaluation, and market impact evaluation. 
Finally, it is increasingly being realized that the utilization of evaluation results relies heavily on 
behavioral factors. 

Social science researchers should be poised to expect a greatly expanded role of behavioral 
research in evaluation. As new techniques are developed and perfected, as the results of impact 
evaluations become more abundant, and as the gap between technical energy savings potential 
and realized savings becomes more visible, research regarding the "human dimension ... of pro­
gram evaluation will be crucial. 

This paper provides an overview of the human dimension of program evaluation and 
focuses on key evaluation issues in demand-side management which will require the use of 
social science research for addressing these issues. For people actively involved in conducting 
evaluations, the above statements should not be too surprising, and only confirm what they 
experience daily. However, for individuals new to this field, this paper should serve as an intro­
duction to the critical behavioral issues affecting evaluation and, perhaps more importantly, as a 
stimulus to motivate· more people to become involved in the human dimension of program 
evaluation. 
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INTRODUCTION 

Historical Context 
In the 1970s and 1980s, some research was carried out in the United States. on analyzing the 

behavioral dimension of energy use, particularly in residential buildings and, to a lesser extent, 
in commercial and industrial buildings. 1 Most of the research focused on explaining the varia­
tion in energy use and savings among households, and improving predictive models of energy 
use and savings in buildings. The studies demonstrated the importance of behavior in affecting 
energy use and savings and clearly showed that technical factors alone were neither sufficient 
nor adequate for explaining energy use in buildings. 

During this time, federal and state governments in the United States, along with a few utili­
ties, began promoting energy efficiency through\energy conservation programs: primarily, infor­
mation and audit programs (e.g., Project Conserve, the Residential Conservation Service, the 
Energy Extension Service, and the energy-efficiency labeling of cars, homes, and appliances) 
(Clinton et al. 1986). Some evaluations of these programs applied social science research to the 
behavioral aspects of energy efficiency (e~g., Stem and Gardner 1981). The primary focus of 
these evaluations was on process evaluation: e.g., analyzing program participation rates, reasons 
for participation or non-participation, and program satisfaction. The impacts of these programs 
were rarely examined; one exception was calculating the number of participants and measures 
installed. 2 Furthermore,· the evaluations of these program primarily focused on individual ded­
sion makers (especially, residential consumers), rarely households (i.e., two or more individuals 
living in a dwelling unit), and often excluded decision makers within large organizations (e.g., 
commercial customers, utility companies, and manufacturers). 

Since the mid-1980s, several changes have occurred. First, utility companies have been 
very active in implementing demand-side management (DSM) programs in response to regula­
tory direction from state public utility commissions to acquire DSM as a resource (NARUC 
1988). Second, the range and diversity of programs offered has expanded: complementing con­
sumer information and marketing programs are a greater variety of financial incentive programs 
(e.g., rebates, conservation rates, and reduced loan interest rates. and loan-qualifying criteria), 
technical information programs (e.g., design tools, design assistance, and standards-related train- , 
ing, compliance, and quality control), pilot demonstration programs, and programs aimed at the 
commercial and industrial sectors (Vine and Harris 1990; Nadel1992). Third, several utilities in 
the United States now receive financial· incentives for promoting energy efficiency (Reid and 
Brown 1992). Fourth, the emphasis on cost-effectiveness tests by regulatory and utility organi­
zations for examining utility program performance has led to more evaluation activities. In con­
clusion, DSM programs have proliferated at an exponential rate; complemented to a somewhat 
lesser degree by an interest in program evaluation. 

~ 

Recently, the primary focus of evaluation activity has been on impact evaluation, technical 
measurement, and engineering methodologies. This type of evaluation has focused on gross pro­
gram impacts, without considering the energy savings that can be attributed to the program itself 
("net impacts") (see below). Although some have articulated the need to integrate behavioral 
research into energy evaluation (e.g., Lutzenhiser 1990 and 1993) and some very interesting 
behavioral research has continued, most emphasis has tended to . center on the 
technicaVengineering aspects. While there has been some interest in process evaluation and 
integrating the findings of process and impact evaluation (Bronfman and Peters 1991; Spinney 
and O'Rourke 1992), most recent evaluations in the U.S. have largely been accounting studies, 
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to verify that the estimated savings have occurred, often focusing on technological and engineer­
ing features. 3 Thus, for many, the first order of business is answering the basic question of how 
much savings a program achieved, and the second order of business is examining the reasons 
accounting for the realized savings (including penetration rates). We would assert that once peo­
ple become more interested in the underlying determinants of energy savings, the design of 
experimental programs and approaches, and more effective utilization of evaluation results, 
interest in the human dimension of program evaluation will increase. 

Social Science Research 
For the purposes of this paper, the "human dimension" of program evaluation refers to: how 

people think about the "energy problem" and "energy efficiency" in general and about energy 
services (and their relationship to comfort, health and other environmental conditions), energy 
efficiency equipment. and energy efficiency programs in particular; how people decide on 
investing in energy efficiency equipment; how people operate and maintain energy efficiency 
equipment; and research design methodologies and techniques for addressing social.problems 
such as the inefficient use of energy (e.g., development of formal models and field experimenta­
tion) (Stem 1985). In addition to looking at the attitudes and behaviors of individual decision 
makers, the "human dimension" also examines energy use and decision-making by households 
(i.e., two or more individuals living in a dwelling unit) and by large organizations (e.g., commer­
cial customers, trade allies, utility companies, and manufacturers). 

Social scientists can play a valuable role in program evaluation by using their expertise in 
the following areas: (1) survey questionnaires for measuring attitudes and behaviors; (2) design­
ing sampling strategies for program evaluation; (3) creating experimental designs for studying, 
for example, different market delivery strategies or financial incentive mechanisms; (4) develop­
ing analytical models; (5) designing different measurement techniques for examining self­
reported behavior; (6) utilizing innovative interviewing techniques and case studies; and (6) pro­
viding general insights on individual and program dynamics based on their work in the fields of 
sociology, psychology, anthropology, human ecology, and economics. 

Importance of Behavior in Evaluation 
Past reports of the National Research Council's Committee on Behavioral and Social 

Aspects of Energy Consumption and Production found that "conservation policies and programs 
have been built on an inadequate understanding of how people respond to prices, information, 
incentives, and other stimuli. Some of the needed knowledge exists, but much still has to be 
developed in the process of designing and implementing energy policies and programs" (Stem 
1985). We would argue that the field of program evaluation also needs to develop this 
knowledge base. 

Attitudinal and behavioral variables play .an important role in both impact and process 
evaluation for improving (1) our understanding of key program design and evaluation issues, (2) 
the research design and analytical techniques used in analyzing energy use and savings, and (3) 
the utilization of program evaluation.results. 

Program design and evaluation· 

In designing and evaluating DSM programs, program designers, managers, and evaluators 
need to be aware of the following: (1) programs are conducted by individuals within organiza­
tions that have their own internal dynamics that may affect overall savings of a program (e.g., 
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the relationship between top management and middle and lower management, or the capability 
and inclination of field staff regarding the use of new· software tools in selecting energy 
efficiency measures and targeting customers) (Vine et al. 1992); (2) the adoption and diffusion 
of energy efficiency measures is dependent on key behavioral factors (e.g., customer aversion to 
risk, sociodemographics of participants, and maturity of the marketplace) (Braun and Williams 
1979; Claxton et al. 1981; Sharma 1983}; (3) the performance of energy efficiency measures is 
not only dependent on the proper design, installation and efficiency of a particular measure, but 
also, and perhaps more importantly, on how the measure is used and maintained (Vine 1992); 
and (4) the manner in which program participants respond to programs is diverse, ranging from 
receiving information to installing energy efficiency measures. 

These concerns are central in addressing specific evaluation issues, as noted below: 

1. How does an energy efficiency program affect people's decisions? (Important for 
calculating net energy savings, self-selection bias, free riders (program participants 
who would have adopted progfa.m recommended actions regardless of the existence 
of the program) and free drivers (customers that take energy efficiency actions 
recommended by DSM programs because of the program, bl;lt do not participate 
directly in the program - the "spill over" effect), and cream skimming (customers 
who install the lowest cost energy efficiency measures and do not install other cost­
effective measures); 

2. How do occupants/consumers operate . energy efficiency measures? (Important 
for determining baselines, persistence of savings, and the rebound (takeback) effect 
(changes in customer behavior resulting in greater energy use stimulated by partici­
pation in a DSM program), and for comparing measured and estimated savings); 

3. What is the experience and expertise of building managers and operators in 
operating and maintaining buildings and energy efficiency equipment? (Mportant 
for determining baselines and persistence of savings, and for comparing measured 
and estimated savings); 

4. What is the experience and expertise of trade· allies in purchasing and stocking 
energy efficiency equipment? (Important for determining baselines); 

5. How reliable is the information supplied by consumers? (Important for determin­
ing baselines and comparing measured and estimated savings); 

6. How heterogeneous is behavior? (Important for designing evaluation samples 
and determining baselines). 

Additional evaluation issues will also require significant contributions from the social sci­
ences (Bronfman and Peters 1991): (1) attitudes and level of satisfaction of field. staff; contrac­
tors, and customers; (2) effectiveness and efficiency of program implementation delivery; (3) 
effectiveness of contractors and installers; (4) attitudes and level of satisfaction of building own­
ers and occupants; (5) barriers to program participation; (6) differences between program partici- · 
pants and nonparticipants; and (7) assessment of marketpotential. 
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Evaluation techniques , 

In designing and using the techniques and methodologies to evaluate programs, evaluators 
need to be cognizant of the following: (1) the evaluation issues noted above; (2) the modeling o( 
energy use in buildings relies on the use of key variables representing Important behavioral ele­
ments (e.g., thermostat settings, hours of building occupancy, and equipment usage) (Vine et al. 
1982; Gladhart and Weihl 1990); and (3) program evaluation is not simply a technical exercise 
that is ·objective and value-free, but can be quite subjective and value-laden (Spinney and 
O'Rourke 1992). For example, as discussed below, many assumptions need to be made regard­
ing key evaluation estimates (e.g., number of free riders, free drivers, rebound effect, measure 
lifetime, and hours of operation) that may be derived from studies using sound and/or sophisti­
cated research methodologies; however, for some utilities, these assumptions often rely on 
"expert opinion" at best and subjective impressions at worst. 

Integrating important behavioral variables into impact evaluation methodologies is very 
important. For example, in a recent comparison of engineering estimates of gross savings to 
impact evaluations of net savings, Nadel and Keating (1991) found large percentage differences 
between the two estimates in many kinds of DSM programs. Where engineering estimates and 
impact evaluations differed, a number of common explanations emerged, including the follow­
ing: (1) wrong assumptions in the engineering estimates (e.g., over-estimating lighting system 
operating hours); (2) "take-back" effects for some measures (air-conditioners in moderate cli­
mates, low-flow showerheads, and residential compact ftuorescents) were not adequately 
modeled in the engineering estimates; (3) quality control problems during measure installation, 
commissioning, and maintenance; and ( 4) greater than expected adoption of conservation meas­
ures by non-participating customers. 

Evaluation utilization 

The results of program evaluations will not be utilized without the effective communication 
of the major findings to key stakeholders within the utility as well as to outside parties (e.g., 
regulatory commissions, third-party intervenors, etc.). A clear identification of the objectives of 
each of the interested parties and their information needs is vital prior to the initiation of an 
evaluation. Once completed, the outcome of the evaluation must be effectively explained to 
these key parties. 

KEY EVALUATION ISSUES 

Table 1 lists some key evaluation issues that social science research needs to address. The 
issues are grouped into six categories: evaluation objectives, evaluation design, impact evalua­
tion, process evaluation, market evaluation, and evaluation utilization. These categories are not 
mutually exclusive; in fact, the amount of overlap among the categories is very large. 
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Evaluation Objectives · 

Table 1. Key Program Evaluation Issues 

Evaluation Design 
Resources available for evaluation 
Sample design 
Selection of evaluation methodology 

Impact Evaluation 
Net and gross energy savings 
Comparison (control) groups 
Self-selection bias 
Free riders 
Free drivers 
Persistence of energy savings 

Process Evaluation 
·Barriers to program participation 
Customer satisfaction with program 

Market Evaluation 
. Assessing market transformation 

Evaluation Utilization 
Utilization of evaluation results 

The first issue facing evaluators is both philosophical· and pragmatic: what are the objec­
tives of the evaluation? And whose objectives should the evaluation respond to? These are 
important questions that need to be addressed at the outset so that the evaluation) is useful for the 
key stakeholders interested in the outcomes of the evaiuation (see below). Focus groups and 
personal interviews are often used at the outset to help guide the evaluation in meeting its objec-
tives. 

Evaluation Design 
The next issue confronting evaluators is methodological: how should the evaluation be 

designed? Illustrative examples include the following: What, and how many, people should be 
interviewed, if any? What kind of, and how many, measures (and buildings) should be moni­
tored, if any? How many years should measurement last, if any? How often should data be col­
lected on people,· measures, and/or buildings, if any? What evaluation methodologies should be 
used, if any? Who should be involved in designing the evaluation study, if any? The proper 
design of a study of customer behavior, and particularly the design of the sampling and analysis 
plan to exclude bias (e.g., self-selection bias, survey response bias, recruitment bias, data quality 
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bias, and outlier bias), is considered by some to be the single most important element of program 
evaluation (Horowitz 1992). Thus, a sampling strategy, if required, needs to be implemented 
that considers, and corrects for, as many sources of potential bias as can be identified. Often, '-
steps can be taken to ensure that a study design is unbiased at little or no cost. 

Some guidance on evaluation design can be provided by management tools and profes­
sional publications. However, the answers to these questions will depend to a large degree on 
the attitudes of key people involved in the evaluation, affected by the evaluation, or simply 
interested in the evaluation: e.g., the sponsors of the evaluation (who are typically resource con­
strained), regulators, and the people responsible for conducting the evaluation. Thus, one needs 
to assess: (1) the availability of expertise for conducting the evaluation; (2) the level of preci­
sion, risk, and uncertainty the key stakeholders are willing to accept; (3) the amount of financial 
resources available for conducting the evaluation; and ( 4) the incremental value of information 
gained in obtaining additional evaluation information. There is no absolute standard for when to 
be confident in study findings; acceptable precision leyels depend on the conventions of the field 
of study. The costs of error, the costs of measurement, what is technically achievable given the 
available measurement tools, and finally, the tolerable level of uncertainty, all play a role in 
establishing reasonable and prudent standards (Horowitz 1992) .. The field of DSM impact 
evaluation has yet to agree on standards for confidence or required precision levels, although 
people have their own opinions. Numerous tradeoffs need to be made. As regulators and third­
parties to the evaluation become more involved at the design stage of the evaluation (as evident 
in recent attempts at "collaborative evaluations"), we believe the role of the evaluator will be 
that of a facilitator with a social science background. 

Impact Evaluation 

Net and gross energy savings 

Gross savings are the changes in annual energy use and peak demand experienced by parti­
cipants in DSM programs. In contrast, net savings are typically the total savings that can be 
directly attributed to a DSM program. In other words, net savings are the difference between 
_gross savings and the change in consumption and demand that participants would have achieved 
had the program not existed. Nonprogram savings (or energy increases) reflect customer 
responses to changes in electricity and fossil-fuel prices, changes in economic activity or per­
sonal income, introduction of new electricity-using technologies, and other nonprogram factors. 
Table 2 lists some of the key adjustments that need to be made to determine net energy savings, 
including such behavioral factors as the thermostat schedule and settings and the hours of opera­
tion (of a building, or a· particular measure). 

7 
,_ 



Baseline 

Table 2. Energy Savings Adjustments 

Weather 
Daylight/day length 
Building occupancy 
Building function 
Installation of additional equipment 
Repair, replacement, removal, or retrofit of existing equipment 
Thermostat schedule and settings · 
Hours of operation 
Power outages and other supply disruption 
Free riders 
Free drivers 
Industrial production 
Agricultural production 

In order to measure changes in energy use (for both participants and nonparticipants), a 
baseline must be identified from which a change can be measured or estimated. Unless baseline 
construction practices can be accurately determined, a correct assessment of energy and demand 
savings is_ not possible. Determining this baseline is a critical step, but fraught with difficulties. 
Unlike retrofit programs where there is a clear before and after, the determination of the before 
(no DSM or non-participant case) is less straightforward in new construction. Furthermore, 
determining the correct baseline is even· more complicated when incentives are provided to ven­
dors or manufacturers: the baseline will shift as dealers stock equipment to meet rebate oppor­
tunities. The lack of data is the most important problem in determining baselines, especially for 
new construction. As discussed below, three additional problems are associated with the selec­
tion of an appropriate baseline: self-selection bias, free riders, and free drivers. 

Approaches that can be used in establishing new construction baselines include the follow­
ing (Reed 1991): (1) examination of state and local building codes; (2) review of national and 
state appliance standards; (3) interviews and focus groups with local design professionals, code 
officials, vendors, and manufacturers; (4) on-site inspections of new and existing construction; 
and- (5) mail surveys of builders and contractors' current building practices. 

Comparison groups, self-selection bias,free riders, and free drivers 

Self-selection bias occurs when program participation is voluntary: systematic differences 
may occur between program nonparticipants, who either chose not to participate or were 
unaware of the program, and participants. A key analytical issue .confronting the evaluator is the_ 
determination of an appropriate control group. In educational, psychological, and medical stu­
dies, it is often possible to select individuals randomly into control and treatment groups. How­
ever, randomization of observations is usually not possible in the evaluation of energy-efficiency 
programs. Accordingly, without strict control over selecting the different study groups, many 
researchers balk at the term "control" group, preferring "comparison" or "non-participant" group. 
Furthermore, in some regions of the_ country, energy efficiency programs have been implemented 
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over ten years or more, so that everyone who has access to a newspaper, radio, or television has 
probably read or heard about the program, although they may not have participated. Finally, 
certain types of customers (e.g., large industrial firms) may have unique facilities that have no 
comparative buildings. Accordingly, finding a proper control group may be very difficult, if not 
impossible; in this case, modeling of energy use before and after retrofit may be the only method 
to estimate energy savings. Thus, a challenge for social science researchers is defining and 
selecting an appropriate comparison group. 

The comparison group may be similar to the group of program participants or may be more 
representative of the population (assuming that program participants are "not typical"- e.g., pro­
gram participants may have higher energy use, higher incomes, higher levels of education, or 
higher process loads): the researcher may use a comparison group that is representative of the 
population in general when thinking about future program participants. Many comparisons of 
control and participant groups focus on income, education, dwelling size, geographic location, 
and pre-program energy use. However, in only a few cases are key attitudinal and behavioral 
characteristics compared, needed for examining such issues as self-selection bias. Accordingly, 

. an important social science research need is to identify those attitudinal and behavioral factors 
that might affect the results of the evaluation and to design the evaluation so that these parame­
ters can be incorporated into the evaluation design and analysis. 

Free riders are defined as those participants in a conservation program who would have 
installed the same energy conservation measures even if there had been no program. Free rider­
ship can be viewed as a subset of self-selection bias. Customer surveys of different types of util­
ity programs report free rider fractions ranging from 3 to 89% (Saxonis 1991a). Utilities need to 
minimize the effect of free riders if they do not wish to pay for DSM actions that would have 
been installed without the program. Furthermore, utilities need to measure this effect if they 
wish to examine net energy. savings (although free riders is only one issue in the net/gross energy 
problem). Because free riders represent a cost to the program but offer no direct benefits to the 
utility in return, DSM programs that are highly successful from a gross savings perspective may 
prove to be less attractive when free riders are considered. Accordingly, the accurate measure­
ment of free ridership is a significant issue for evaluators and program managers of DSM pro-

1 

grams. , 

Violette (1991) discusses the pros and cons of various data analysis methods for estimating 
the impact of DSM programs on kW or kWh consumption with regard to self-selection, and Sax.:. 
onis (1991a) examines the various options for measuring free riders (surveys, marketplace data, 
comparison groups, and statistical models). The measurement of free riders can be enhanced 
with social science techniques in the following manner. Surveys can be improved by targeting 

, questions to address (1) free ridership, (2) net program impacts, and (3) types of programs (e.g., 
by type of appliance or market delivery mechanism). In addition to developing a positive rela­
tionship with manufacturers and distributors, market data can be obtained by requiring dealers to 
provide sales data as a prerequisite for participating in a program. Monitoring activity of a non­
participating region with similar characteristics to the test market is a practical and efficient 
option for analyzing free riders (see below). Also, a number of modeling techniques are avail­
able for evaluating self-estimation bias and free riders (see Violette 1991), but few studies have 
used these new techniques. Finally, program designs can be improved to reduce the impact of 
free ridership: (1) require preinstallation inspections to ensure that potential participants do not 
have the efficient equipment promoted in the program; (2) encourage the use of very efficient 
(advanced technology) equipment; and (3) target customer groups with, historically, low free 
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rider rates (e.g., low-income households): 
A free driver contributes to the,goals of the program (e.g., reduced energy consumption) 

but is not formally a program participant (Saxonis 1991a). A free driver is affected by the pro­
gram either through a conscious awareness of the program or because of program-induced 
changes in the marketplace (e.g., a customer who purchases a product that qualifies for a rebate 
but does not claim the rebate, or a builder who constructs a home to program standards for com­
petitive reasons (since all others are building to this level) but does not choose to participate in 
the program). Free .drivers are more likely to be a significant problem for program evaluators 
when programs have been in existence for se~eral years and have achieved high participation 
levels. Also, free drivers may become a more visible research area if utilities receive financial 
incentives for the savings achieved by free drivers. 

Research on free drivers is limited. A study of one of the oldest residential conservation 
programs in the United States (i.e., the Davis Energy Conservation Building Code) revealed a 
15% reduction in electricity consumption that was attributed to both the structural features of the 
cod~ and to the energy conserving behavior of the residents of the city (fret? drivers) (Dietz and 
Vine 1982). 

Three approaches are available to address the issue of free drivers (Saxonis 1991a). First, 
use a historical baseline from the early years of the program. Second, use survey methods to 
determine whether nonparticipants have changed their energy use as a result of the program and 

· to determine (via trade ally interviewing) if the market for the DSM actions promoted by the 
program has moved in such a way that nonparticipants are impacted. And third, use a commun­
ity (or set of communities) outside the area in which the program is offered, and compare the 
distribution of efficiencies for program-sponsored measures in the participating area with those 
in the compari~on area (see below). 

Persistence of energy savings 

The persistence of energy and demand savings is an important issue to all stakeholders: 
e.g., building owners, architects and engineers, utility program managers and evaluators, regula­
tors, utility shareholders, resource planners, forecasters, researchers, and consumers. Until 
recently, persistence was assumed to be relatively constant, and most analyses of persistence 
relied on engineering estimates of measure life and judgement (with adequate justification). For 
example, most planners assumed that knowing the physical life of a measure installed was 
sufficient to determine persistence: i.e., first-year savings continued for the life of the measure 
(e.g., 20 years). Recently, this assumption has been challenged as the issue of persistence has 
gained more prominence in ·the evaluation of energy efficiency programs .. In fact, the limited 

· empirical research conducted so far raises questions about the validity of using manufacturer's 
claims for physical measure lives as a basis for projecting persistence. 

Two dimensions of persistence exist: measure persistence and program persistence (Keat­
ing 1991). The former focuses on measure lifetime and operation, while the latter emphasizes 
gross and net program impacts (Vine 1992). The two dimensions are interrelated in that pro­
gram persistence includes measure persistence variables as well as other factors. Key parame­
ters affecting the different dimensions of persistence are noted in Table 3. Both technology and 
behavior affect ·persistence, often interact, and are difficult to separate, particularly for 
"behaviorally dependent" measures, such as cleaning of refrigerator condenser coils and the 
resetting of HVAC time clocks to accommodate occasional, unplanned occupancies (Keating 
1991). 
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Table 3. Factors Influencing the Persistence of Energy Savings 
(Program persistence factors include measure persistence factors plus those listed in the table.) 

Measure Persistence 

Technical lifetime 

Measure installation 

Measure performance or efficiency decay 

Measure operation (behavior) 

Measure maintenance, repair, commissioning 

Measure failure 

Measure removal 

Changes in the building stock (renovations, 
remodels, alterations, additions) 

Occupancy changes (turnover in occupants; 
changes in occupancy hours and 
number of occupants) · 

Pro am Persistence 

Rebound (snap-back, take-back) effects 

Surge effect (additional measures added by 
customer after initial program participation) 

Replacement effect (replacing efficiency 
measures with less or more efficient measures) 

Changes in energy use by control group 

One key finding of persistence research is that the reliance on technical or average service 
lifetime may overestimate DSM measure savings, particularly in the commercial and industrial 
sectors where renovations and remodels occur frequently and where removal or deactivation of 
energy conservation measures occurs often. In addition, certain building types appear to be 
more susceptible to frequent remodeling and turnover: e.g., office, retail, restaurant, and ware­
house sectors. Another finding is that typically, certain measures in the residential sector are 
prone to removal by the occupants: e.g., low-flow showerheads, compact fluorescent bulbs, and 
door weatherstrips. 

Process Evaluation 

Process evaluations examine program operation during implementation and can provide: 
(1) prompt feedback to help improve program design and implementation; (2) important insights 
that can be used to interpret findings from impact evaluations and for changes in the design of 
future programs; and (3) a stimulus for collecting appropriate monitoring and tracking data. Pro­
cess evaluations typically focus on program goals, history, and activities, and are often based on 
interviews with utility program staff, program managers, participants, and trade allies. The 
rewarding of financial incentives for utility investment in energy efficiency measures has 
elevated impact evaluation to a higher level of importance than before (which had already been 
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considered by many to be more important than process evaluation). Unfortunately, process 
evaluation has been relegated to a second order of importance when, in fact, process evaluation 
can serve many important objectives that can complement (not just supplement) impact evalua­
tion (Schueler and Quaid 1992). · 

The goal of process evaluation is program optimization through: improvement in imple­
mentation efficiency, assessment of market segments and targeting of specific segments, 
improvement in quality of measure installation, identification of program-design issues, interim 
accounting of program progress through reviews of the program database, and examination of 
special issues (e.g., measure life and program comprehensiveness) (Bronfman and Peters 1991). 

As DSM-program performance becomes more closely tied to integrated resoUrce planning 
and DSM incentive regulation, process evaluation will assume more importance (Bronfman and 
Peters 1991 ). First, because many programs are designed and implemented quickly, early pro­
cess evaluations will be critical to fine-tune programs, assess the market potential, and identify 
market segments not reached. Second, because process evaluations are in the field early and 
because impact evaluations often do not produce results for a year or two, process evaluations 
will· be instrumental in producing early reports on program effectiveness: e.g., assistance in 
designing the program database, assessing the reliability of program data, and periodic reporting 
of implementation data (e.g., the number of installations, estimated and actual costs, and pro­
jected savings). And third, the resultS of process evaluations will need to be reported in the con­
text of other evaluation findings within the same utility, so that the results of different evaluation 
components will provide a complete, integrated.evaluation, and so that impact data are interpret­
. able in light of the implementation of the program. 

The analysis of barriers to program participation and the level of satisfaction (by customers 
and trade allies) with the program are two key process evaluation issues requiring the attention 
of social scientists. Barriers to program participation often include the following (BEEPRG 
1992): (1) information gaps; (2) split incentives (plant engineer versus financial officer, owner 
versus tenant, etc); (3) the large number of decision makers involved; (4) difficulty of computing 
actual energy savings (see above); (5) lack of trust in vendors; (6) lack of trained service and 
maintenance personnel; and (7) misconceptions about energy efficiency. Program satisfaction is 
critical for determining the willingness of consumers to participate in future programs and for 
assisting the marketing of a program to others. Reasons for customer dissatisfaction include the 
following: (1) actual energy savings were lower than estimated energy savings; (2) actual pay­
back levels were longer than estimated; (3) thermal comfort, aesthetics, and other indoor 
environmental conditions were less than desired; (4) rebate application process was burdensome 
and slow; and (5) interactions with utility program staff were unfriendly and disruptive to. work 
and home life. 

Market Impact Evaluation 

Very little research has been devoted to examining the impact of DSM programs on the 
marketplace ("market transf9rmation"). Compared to DSM resource acquisition, the impacts 
resulting from market transformation are likely to be larger over the long run, but also more gra­
dual, less documentable, and harder to predict and control (Schlegel et al. 1993). However, as 
more research is devoted to the analysis of net energy savings and free riders and free drivers, 
the impact of programs on the market place will receive increasing attention. 
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Schlegel et al.(1993) have developed a useful conceptual framework for understanding 
~arket transformation and for systematically classifying the ways in which DSM programs may 
transform energy efficiency markets. The framework is based on three perspectives: economic, 
social psychological, and sociological. For this paper, the latter two perspectives are of import. 
The social psychological perspective views market transformation as a basic change in attitudes 
or awareness of consumers sufficient to change their behavior with regard to energy conservation 
measures. The sociological perspective sees market transformation as a complex mixture of 
changes in social norms, institutional relationships, and social sanctions which act together to 
encourage energy efficiency. 

As part of the evaluation of market transformation, the distribution infrastructure and 
market intermediaries for efficient technologies need to be studied. The decisions made by 
manufacturers, suppliers, and other distributors of efficiency can clearly affect the choices of end 
users, for example, by restricting their range of options, or by promoting very efficient equip­
ment. For example, attitudinal and behavioral studies on the distribution infrastructure of 
energy-efficient residential refrigerators and water heaters have beeq recently completed in the 
Pacific Northwest (Pope et al. 1992; Gordon et al. 199la, 1991b). 

Utilization of Evaluation Findings 

Effectively communicating the results of evaluations is crucial for ensuring that evaluation 
findings are utilized (rather than "sitting on a shelf') (McRae et al. 1992). Because of the diverse 
group of potential users of evaluations, it is important to identify those stakeholders who will 
use, will be affected by, or will have an interest in the program or the evaluation results. These 
people include utility staff (e.g., from load forecasting, resource planning, demand-side program 
planning, rate design, supply system operation, corporate communications, finance, and policy 
making/corporate strategic planning), customers, trade allies, and regulators. Each stakeholder 
has different information needs that evaluations can potentially meet, such as consumption data 
(e.g., energy use, peak demand, load profile, and coincidence), end use data (e.g., appliance and 
equipment stocks, locations, vintage, and time of use), operational data (e.g., how the customer 
uses the equipment and its controls), and customer data (e.g., attitudes, level of satisfaction, per­
ceptions, and sources of information). The likelihood that evaluation results are used can be 
increased if this need is addressed in the entire evaluation process: during the scoping period of 
the evaluation, while conducting the analysis, in describing the findings, and in disseminating the 
findings. This is particularly important as attribution of changes and reconciliation of results is 
unlikely to occur without the stakeholders' agreement on methodologies and techniques used in 
the early phases of the project. 

Spinney et al. ( 1991) note that the organizational structure, management orientation, and 
traditional culture of an electric utility (a large-scale organization) can create formidable obsta­
cles for the effective utilization of evaluation results. For example, electric utilities tend to be 
large, hierarchical organizations with many departments and highly specialized functions, lead­
ing to different perspectives on the problems surrounding program evaluation and to time­
consuming and resource-intensive resolution processes. Also, the cultural context of these utili­
ties often reflects an "engineering orientation," preferring hands-'on technical know how and rela­
tively precise and predictable technical systems. This type of culture can often leave little room 
for an appreciation of human behavior and the key program evaluation issues noted previously. 
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Because the effective utiliza.!ion of evaluation results requires good planning, good data, 
and a positive working relationship with program managers, executive management, regulators, 
and other concerned parties (Saxonis 1991b), research in energy use decision making in organi­
zations is critical for the program evaluation field. Effective .communication is essential to elim­
inate any potential misunderstandings prior to the beginning of the evaluation, because it is 
difficult to change course once the evaluation process has begun and impossible after the report 
is released. Because the lines of communication in organizations are often weak or sometimes 
non-existent, the evaluator must be a negotiator and a diplomat, and evaluations must be flexible. 

As an example, B.C. Hydro has developed a multi-department evaluation team, represent-
. ing all the stakeholders of evaluation information (El-Ramly 1993). The ~sponsibility of the 

team is to jointly agree on an evaluation approach, validate assumptions, and identify the type 
and format of information required. B.C Hydro asserts that integrated information gathering and 
analysis is necessary for maximizing benefits and minimizing costs and this type of integrated 
planning represents a "corporate culture," not simply a planning activity. 

Finally, we need to evaluate the evaluators to see what difference specific program evalua­
tions have made on energy efficiency policies and on other energy efficiency programs. We may 
find that there are real limits to evaluation utilization, reflecting the lack of unambiguous and 
clear results from program evaluations. 

CONCLUSIONS AND RECOMMENDATIONS 

Although behavioral rese·arch still remains relatively underemphasized in the DSM evalua­
tion arena, the situation is changing. Social science researchers should be poised to expect a. 
greatly expanded role of behavioral research in evaluation for the following reasons. As increas­
ingly sophisticated modeling techniques are developed and perfected on non-technical aspects, 
accurate and reliable behavioral inputs will be of increasing value. Even more importantly, as 
the flood of impact evaluations which have been initiated in the last couple of years begin to pro­
duce results--results that will undoubtedly be lower than predictions/expectations--there will be a 
clamor to provide information to "explain" those results. Research regarding the "human dimen­
sion" will be a crucial aspect of the necessary response. Finally; if market transformation is 
accepted as an appropriate policy goal, then a large amount of research will need to be con­
ducted to see if this occurs and this will entail a fair amount of behavioral research. 

We believe the role of the evaluator will be that of a facilitator and negotiator. Communi­
cation will be a key activity throughout all phases of the evaluation process. And social science 
skills will be at a premium for management type of activities as well as for analysis. In fact, as 
evaluation becomes more of a team effort and more multidisciplinary, and as the evaluation field 
grows, the value of social scientists is expected to increase. Similarly, the need for educating 
and training evaluation professionals is likely to grow, with courses and material in the social 

· sciences playing a prominent role. 

In order to highlight. the importance of the human· dimension of program evaluation, certain 
barriers to social science research need to be overcome: e.g., fear of experimentation, fear of 
making mistakes, a predominant engineering orientation in evaluation, diminished academic 

~ 

interest in energy and energy program evaluation, fewer social scientists familiar with these 
areas, and fewer graduate students trained in these areas (Lutzenhiser 1993). We need to pro­
vide better financial support for students and faculty in academia and better training of utility 
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and government staff involved in managing, designing, implementing, and evaluating DSM pro­
grams. The development of "centers of excellence" is needed to: (1) encourage more behavioral 
research, teaching, and graduate training; (2) improve contact between academic researchers, 
utilities, government, and manufacturers; and (3) facilitate cooperative research ventures that 
combine the resources and talents of academic, government, and private sector researchers 
(Lutzenhiser 1993). 
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ENDNOTES 

1. Key references on behavioral work include the following: the proceedings from the 
Behavior (Human Dimensions) panel of the American Council for an Energy-Efficient 
Economy's Summer Study on Energy Efficiency in Buildings (published every even year, from 
1980-1992); Kempton and Neiman 1987; Lutzenhiser 1993; Stem 1985; and Gladhart et al. 
1986. A recent collection of articles on the behavioral aspect of residential cooling is found in 
Energy and Buildings, Vol. 18, 1992. 

2. During this time period, many states, the U.S. Department of Energy (DOE), and the 
Bonneville Power Adminstration did examine impacts of their programs, as part of the first wave 
of impact evaluation. For example, DOE required (and still does) an energy-savings report 
reflecting energy savings for all State Energy Conservation Program-funded programs (Collins et 
al. 1985). . 

3. Some utilities are noteworthy in being the exception to this trend and have spent 
significant resources in examining customer attitudes, satisfaction, and market segmentation. 
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