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Abstract
Likert Scales (5, 7, or 9-point) are in common use in energy 
efficiency (EE) evaluation, usually asking respondents to indi-
cate a selection along a linear scale marked with labels on the 
extremes (very dissatisfied and very satisfied, or with labels at 
each numeric point. EE work commonly assigns equal differ-
ences in scores for each numeric increment, even though the 
originators warned against the practice. The evaluation, survey, 
and literature research conducted in this paper shows equally-
spaced differences between the numeric or verbal extremes can 
be biased. This study provides an overview of Likert Scales, 
clarifies key analytical issues, and provides practical examples 
of more defensible approaches that should be considered in 
place of the simple analysis methods commonly applied with 
Likert scales. Specifically, we suggest adaptations of “labeled 
magnitude scaling (LMS)” or other Labeled Scales (LS) as more 
appropriate scoring values for the Likert increments. This pa-
per suggests improved practices in four example areas of evalu-
ation where Likert Scales are commonly used: 

•	 Process Evaluations: Likert scales are common in process 
evaluations (e.g., applied to “satisfaction”, and “ease of par-
ticipation”). LMS or other labeled scale values provide more 
robust information and defensible estimates of average like-
lihoods and other factors. 

•	 Net to Gross: The most sophisticated net-to-gross (NTG) 
methodologies use a combination of direct and corroborat-
ing questions to identify free ridership and spillover. Several 

questions involve Likert scales, and the current computations 
assume 25 %/50 %/75 %/100 % “likelihoods” in the NTG 
computations. Transitioning to LMS scaling would provide 
likelihood percentages that are defensible and would reduce 
bias.

•	 Quantifying Better/Worse Program Changes: In matrices 
used to analyze or score program options, Likert or linear 
scales are often used for those elements that cannot be mon-
etized. A LMS scale better represents differences than the 
“one unit” differences arising from Likert scales.

•	 Barriers Analysis: Assessment of program barriers in pro-
cess evaluations commonly rely on Likert scales. Changes 
in barriers from, say, 3.4 to 3.6 do not provide implementa-
ble information. Using an extension of LMS (non-energy 
benefits or non-energy impacts NEB/NEI) provides explicit 
recommendations on the dollar size of the barrier and the 
incentive/intervention value needed to erase the barrier.

While none of these changes may be large, the LMS approach 
allows for greater defensibility, may support additional compu-
tations and meaning from surveys and applications, and will 
lead to more robust and defensible Evaluation, Measurement, 
and Verification (EM&V) results. 

Introduction 
Likert Scales are straightforward and commonly used in En-
ergy Efficiency (EE) evaluation surveys to measure frequency, 
importance, quality, likelihood, agreement, and are extended 
to net-to-gross and other factors. However, analysts frequently 
apply scores of equal value between the Likert points, and this 
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simplification of linear response values is not an appropriate 
analytical technique for Likert scales. Likert scales were devel-
oped by psychologist Rensis Likert in 1932. Initially a 5-point 
scale (numbered 1–5)1, some studies use 7-point or sometimes 
9-point scales2. These scales present a bipolar response scale 
with negative options presented first and allow quick responses 
by requiring respondents to read more carefully.3 

Likert Scales, interpreted with equal-value differences, may 
fail to capture accurate values. Likert scales provide greater 
granularity and finer quantitative responses than yes/no, or 
agree/disagree. However, the “intervals between values cannot 
be presumed equal”4. Thus, for a scale where 1 = strongly agree, 
2 = agree, 3 = neutral, 4 = disagree, and 5 = strongly disagree, a 
mark of 4 would be more negative than either 3, 2, or 1 (direc-
tionality). However, it cannot be inferred that a response of 4 
is twice as negative as a response of 2. These scales do not say 
that the strength/intensity of an attitude is linear and can be 
measured using this ordinal scale response in a quantitative 
way, except to say that the responses can be ranked in order. 

Applying Likert scales in a linear way requires further cau-
tion, because some research also suggests that people tend not 
to select the extreme categories in large rating scales, perhaps 
not wanting to appear extreme5, so assigning unitary differ-
ences across the entire scale is particularly problematic. In ad-
dition, Likert-derived data may fail to meet other assumptions 
for parametric tests (e.g., a normal distribution).6 Since data are 
ordinal, non-parametric statistics are typically considered the 
most appropriate option for analysis. If the data are interval, 
then parametric statistics can be used.7 

Research indicates moving from strict Likert Scales to Visual 
Analog Scale (VAS) may better capture extremes. Some inves-
tigators have abandoned the Likert-type response in favor of 
a simple visual analog scale (VAS)8. The VAS typically has de-
scriptive anchors only at the two extremes. The participant is 
free to mark the scale at any point desired resulting in a contin-
uous interval measurement with scores constrained between 0 
and 100 (3). The scale can be scored by manually measuring the 
participant’s chosen mark from the left end. A modified meas-
ure using a VAS with verbal anchors only on the two extremes9 
has also been developed and used. Studies comparing Likert 
and VAS have found there appeared to be systematic end aver-

1. Scales truncated to an even number of categories (typically four) to eliminate 
the “neutral” option in a “forced choice” survey scale. Rensis Likert’s original paper 
clearly identifies there might be an underlying continuous variable whose value 
characterizes the respondents’ opinions or attitudes and this underlying variable 
is interval level, at best (4).

2. The seven-point scale has been shown to reach the upper limits of the scale’s 
reliability (5).

3. Kunz 2015; DeCastellarnau 2017.

4. Jamieson, S, 2004.

5. Jamieson, S. 2004; Kunz 2015.

6. Jamieson, S. 2017.

7. Allen and Seaman, 2007.

8. Hayes and Patterson (1921) is usually cited as the origin of the VAS method. 
Its acceptability as a generic pain measure was demonstrated in the early 1970s.

9. One objection to the use of VAS responses is the challenges of doing this (“mak-
ing a mark”) on computerized questionnaires. For computerized surveys or other 
instruments Reips and Funke 2008 recommend their website, www.vasgenerator.
net, which generates VAS usable on the computer. They also offer information on 
the precision of these scales along with others (8, 22). This should alleviate some 
of the issues of large-scale computerized measurements.

sion bias in scorings on the Likert scales.10 (They noted that a 
larger percentage of the respondents tended not to mark the 
two extreme ends of the Likert scales as compared with scor-
ings on the corresponding VAS. Thus, on the Likert scales but 
not the VAS, respondents seemed to mark the three middle 
response categories more often, suggesting end aversion bias.

Overall, there is no conclusive evidence that either VAS or 
Likert based scales are superior to one another from a statistical 
point of view. Rather, the context of application and circum-
stances of use seems to be of greater importance. Some discus-
sion continues regarding whether VAS data are “interval”11, but 
it is suggested that, with VAS available, there seems little reason 
to use Likert-type, or other non-interval responses in most re-
search applications.12 

Research indicates there are better alternatives available that 
can avoid some of the weaknesses of Likert scales. Certainly, 
Likert scales can be used to collect data quickly, allowing re-
sponses from 1–5, 7, or 9. However, even though the literature 
warns against assigning equal value increments, users com-
monly treat a move from an average score of 4.2 to 4.0 the same 
as they would a move from 3.2 to 3.0. And in other applications 
(described below), evaluators routinely assign 1 as 25 %, 2 as 
50 %, 3 as 75 %, and 4 as 100 %. This is not justified by the sci-
ence, and comparisons presented later in this paper, show that 
the common treatment biases the resulting calculations and 
conclusions. VAS appears to provide some advantages over the 
Likert approach. It requests responses between 1 and 100 that 
allow unequal intervals; however, the larger and more flexible 
scale can be more troublesome for respondents (and potentially 
slow responses). However, VAS’s non-linear/ non-interval re-
sponses map to non-linear scores metrics, providing greater 
flexibility and the ability to reflect more nuanced gradations in 
intensity. 

VAS may be an improvement on Likert, but this paper sug-
gests adaptations of another approach – labeled scaling (LS) 
– may provide an even better alternative for Evaluation, Meas-
urement, and Verification (EM&V) applications that currently 
use Likert Scales. This approach is described below, along with 
a series of examples of suitable applications in which this ap-
proach can provide more robust and actionable recommenda-
tions than Likert or VAS. 

Identifying Labeled Scaling (LS) options as a More 
Robust Scaling Alternatives for EM&V Applications
Researching Non-Energy Benefits/Non-Energy Impacts (NEBs/
NEIs) revealed weaknesses in valuation questions. Starting in 
2002, the authors (Skumatz 2002, Skumatz and Gardner, 2005), 
were seeking a practical and robust option for asking NEI 
valuation questions. NEI research focuses on measuring and 
monetizing effects beyond energy savings that are delivered by 
energy efficiency programs (low income, residential, and com-
mercial programs). For a group of NEIs (like the dollar value of 
changes in comfort from EE measures), participant surveys are 
virtually the only source of the needed information. The tradi-

10. Hasson and Arnetz 2005; Bishop and Herron, 2015.

11.Reips and Funke 2008, Hayes, Allen, Bennet 2013.

12. Bishop and Herron 2015.
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tional literature suggested carefully-constructed willing-to-pay 
or willingness-to-accept (WTP/WTA) questions as the pre-
ferred option for obtaining monetized values for certain expe-
riences, public goods, and other hard-to-measure, non-market 
items. However, phone interviews with program participants 
made it clear that WTP/WTA approaches had major disadvan-
tages in actual practice. Even with clear and accessible wording, 
respondents were confused about what they were being asked, 
tried to ask for clarifications, and had difficulties providing 
and dealing with dollar values. This respondent difficulty and 
uncertainty led to extra time on each response, which nega-
tively affected survey completes, time, and as a result, project 
budgets13. This finding led the authors to explore other ques-
tion alternatives, including options related to Likert or VAS ap-
proaches, but ultimately, to a more robust approach that turned 
out to have applications beyond the initial NEB/NEI work. 

Exploring other valuation options indicated that questions 
asking relative valuations were easier for participants to an-
swer than WTP/WTA, and this can be accomplished with a 
version of Likert scales (extremely valuable, no value, etc.). 
Directionality is important in this application (four is greater 
or more valuable than three), but the inability to assign units 
or multipliers that measured the differences in intensity in a 
defensible way was a fatal flaw in this monetization approach 
and led to research of approaches that are several steps beyond 
Likert or VAS. A brainstorm on a ferry ride led to a possible 
solution. While participants might not be able to answer the 
dollar value of a less drafty window, or the comfort from the 
program, they might be able to answer a question about value 
of, for example, “comfort” in relative terms. Is “comfort” more 
or less valuable to them than another item “X” – and if we 
asked relative to an “X” that we did have a dollar value for, we 
might be able to calculate a monetary value for “comfort”. The 
authors tried asking about percentage multipliers to express 
the relative value (Pearson and Skumatz 1998, Skumatz 2002), 
but that required responses in number terms – the very thing 
identified as difficult for respondents. 

With that nugget of an idea, we researched the academic 
literature and found a field called “labeled magnitude scaling” 
(LMS) and later, labeled hedonic scaling (LHS), Labeled affec-
tive magnitude (LAM) and other related literature.14 This field 
match our basic, simple concept. And the research indicated 
that people assign consistent ratios to specific “labeled” relative 
terms – phrases similar to “like very much” vs. “like moderate-
ly”. Since these ratios are known from large populations (from 
numerous academic publications), then if the same language 
is adapted to valuing the NEIs, the researched “multipliers” 
might be able to be applied to the value of “X” to estimate the 
respondent’s dollar valuation for changes in comfort from an 
EE measure.

There are several key points about this LMS/LHS/LAM work 
(we will call it “Labeled Scaling” LS in this paper) that are im-
portant:

13. The authors note that the WTP/WTA responses were slowest among the three 
alternatives used in the surveys conducted for the 2002 study, and led to the most 
attempts by respondents to ask clarifying questions. Skumatz 2002, Skumatz and 
Gardner, 2005. 

14. Moskowitz HR. 1982; Green, et al. 1993; Schutz and Cardello, 2001; Lim, Wood, 
Green 2009.

1.	 These academic value ratios are well-estimated with confi-
dence intervals and other statistics, and are estimated and 
tested in multiple studies.

2.	 Our research on NEIs, in which we often ask both LMS and 
percentage values from within the same sample, has found 
that these academic values are extremely consistent with the 
within-sample LS multipliers.

3.	 The values are NOT linear; instead, the distances vary with 
different labeled modifiers.

4.	 The work for NEIs requires a few more adaptations, but this 
is not the focus of this paper.15

Table 1 shows the multiplier values associated with up to five 
positive and negative points and one neutral on several scales 
developed and in use (11-point scale). Notice they are non-lin-
ear, and also, that the negative and positive values differ slightly 
for similar labels. Figure 1 demonstrates the “non-linear” na-
ture of these labeled factors. Figure 1 shows how the values 
compare to linear Likert multipliers (the dashed line).

Scaling methodology work (in taste and other areas) was un-
dertaken to provide methods or scales for measuring degrees of 
difference or approximating magnitudes (the difficulty associ-
ated with Likert); to be able to apply the techniques to measur-
ing sensation (intensity) differences and hedonic experiences 
(experiences that cannot be shared directly with others), and 
ultimately; and to be able to permissibly substitute identifiers 
with numbers. The underlying approach depends on responses 
to stimuli as greater than or less than a standard. This is the 
fundamentally attractive metric that relates to NEIs, which at-
tempt to measure and value sensations that relate to comfort 
and other difficult-to-measure factors. 16 

A Stretch? Applying Labeled Scaling Outside its Usual 
Wheelhouse
With our work focus in energy efficiency and sustainability, 
the authors weren’t interested in relative “tastiness” of foods, 
severity of pain, or similar rankings in the food tasting, psy-
chology, and other fields; however, our review of this literature 
implied this concept might have properties that would be use-
ful in NEI work. Perhaps the same types of language could be 
applied to relative “value”, not just “liking” a taste. We adapted 
and applied labeled magnitudes, guided by this language, 
to NEI questionnaires for several programs. We conducted 
several tests of the concept, asking participants to identify 
whether the comfort they experience from the program was 
slightly more valuable than X17, moderately more valuable, 
and other “labeled magnitudes” along the scales. Within the 
same surveys and respondent groups, we also asked by what 
percent more or less valuable they assessed the value of “com-

15. See, for example, multiple other publications, including Skumatz et. al., 2009, 
Skumatz 2014, Skumatz et.al., 2019, and the works referenced therein.

16. For a longer description of development, differences and advantages/disad-
vantages, see Juyun Lim 2011. 

17. Pioneering this in 2002, we used “the energy savings from the program”, later 
“energy savings from the measure” for the X value for most of our EE work. We 
have used other X language as we adapted this work to other types of projects. 
(Skumatz 2002, Gardner and Skumatz 2005, Skumatz et. al., 2009, Skumatz et. 
al. 2019 and others.)
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fort” and other NEIs – a harder question, but necessary to be 
able to compare multipliers with academic values. The results 
for these NEI comparisons showed that the average multiplier 
assignments to labeled verbiage was remarkably close to these 
non-linear values. One example follows in Figure 2. The first 
two bars in each group are representative academic values, and 
the others reflect estimated in-sample average multipliers from 
different groups of respondents associated with a five-point 
Labeled Scale. 

Note that we have selected some or all of the various scaling 
language options in different projects. For phone surveys, we 
selected fewer options; for web surveys we have been able to 
include most or all of the labels (up to extremely, not “most 
imaginable”), with similar capabilities to closely match the aca-
demic values. Whether or not these LS options are strictly ap-
plicable to NEIs, they do seem to work, they offer a simple link 
to get monetized values for NEIs (and multipliers and ratios for 

other applications), and they offer options that participants can 
answer – a very big advantage. 

We have now applied this approach to more than 50 pro-
grams – initially using the g-LMS multipliers, and later tend-
ing to apply language and multipliers for the LHS multipliers; 
however, based on more recent literature,18 we now tend to use 

18. See Juyun Lim, 2011. The 9-point Labeled Hedonic Scale is widely used, and is 
considered a simple an effective measuring device, but there are concerns about 
its performance at extreme values. The gLMS is a similar scale, with similar con-
cerns about end points. Because some researchers were concerned about the 
suitability of the gLMSs adjectives and their suitability for pleasantness/unpleas-
antness applications, the Oral Pleasantness and Unpleasantness Scale (OPUS) 
was developed. A final hedonic category-ratio scale that was designed to address 
specific limitations of each of the existing scales is the Labeled Affective Magnitude 
(LAM) scale. Research asserts the LHS appears to have strong properties (better 
discrimination and better resistance to ceiling effects). However, reliability and 
sensitivity studies suggest that the LAM has equal reliability and sensitivity, greater 
discrimination at the extremes, and is judged by consumers to be as easy to use as 
hedonic scales and easier than magnitude estimation.

Table 1. Semantic Phrases and Scale Values for Multiple Positive/Negative Descriptors.

  Labeled 
Hedonic 
Scale 
(LHS)

Labeled 
Affective 
Magnitude 
(LAM)

Oral Pleas-
antness and 
Unpleasantness 
Scale (OPUS)

  Generalized 
Labeled 
Magnitude 
Scaling 
(g-LMS)

(Like) Greatest Imaginable 100.00 100.00 100.00 Strongest Imaginable(Like) => 100.00

Extremely 65.72 89.58 82.29 Very Strong=> 52.08

Very much 44.43 56.25 63.54 Strong=> 35.42

Moderately 17.82 37.50 42.71 Moderate=> 18.75

Slightly 6.25 10.42 22.92 Weak=> 6.25

Neutral 0.00 0.00 0.00 Neutral=> 0.00

(Dislike) Slightly -5.92 -9.38 -20.83 Weak=> -6.25

Moderately -17.59 -29.17 -38.54 Moderate=> -14.58

Very much -41.58 -54.17 -64.58 Strong=> -31.25

Extremely -62.89 -83.33 -83.33 Very Strong=> -48.96
(Dislike) Greatest Imagin-
able -100.00 -100.00 -100.00 Strongest Imaginable (dislike)=> -100.00

Language / Use => Like/Dislike Like/Dislike Pleasant/Un. Strength

Source: Skumatz calculations (2021) from multiple sources.

 
 

-150

-100

-50

0

50

100

150

-150 -100 -50 0 50 100 150

Likert LHS LAM OPUS gLMS
Extremely       Very Much     Moderately       Slightly      Neutral Slightly         Moderately      Very Much       Extremely

Figure 1. Semantic Phrases and Scale Values for Multiple Positive/Negative Descriptors.
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the LAM scale. Our early choice of the g-LMS multipliers was 
initially made for two reasons: one, because the fit seemed most 
important based on the academic underpinnings, and two, be-
cause the multipliers were more conservative than others, and 
we were interested in (consciously biased toward) making sure 
the NEI multipliers didn’t overstate the valuation of NEIs (es-
pecially in the field’s early years). 

As we have applied versions of LS to our EM&V work, we 
find the following compelling advantages worth considering:

•	 Labeled magnitudes – words – are easy for respondents to 
answer, and presumably at least as easy as a number scale. 

•	 The ratios associated with the labeled magnitudes are di-
rectly translatable to numbers, allowing less biased esti-
mates of intensity, proportions, etc.

•	 These ratios are justified based on academic literature, and 
are more defensible than ad hoc assignments of 25 %, 50 %, 
etc.

In the paragraphs below, we have applied these various Labeled 
Scaling (LS) scale values to a number of topics in energy effi-
ciency evaluation to illustrate some of the performance advan-
tages and some of the complexities. 

Effects of Moving from Likert to Labeled Scaling in Key 
EM&V Applications

PROCESS EVALUATIONS THAT BETTER REFLECT INTENSITIES 
Likert scales are routinely used to estimate awareness, satisfac-
tion, and other values in EE process evaluations, commonly us-
ing a 5-point scale (very, somewhat, and neutral). Performance 
scores across populations are presented and compared as sim-
ple averages of values from 1 to 5. Using LS values provide more 
robust interpretation of the ratios of intensity associated with 
the factors. For example, in the 5-point scale selected below in 
Table 2 related to satisfaction with the program’s application 
process, “extremely” is more than twice as large a multiplier 
as “moderately”. Similarly, if a 7- or 9-point scale was selected, 

the “distances” or intensity ratios between any pair of labeled 
scales is non-linear. Using a labeled magnitude approach is 
fairly straightforward and nearly as easy to include or code as a 
Likert scale, the questions are clearer to the reader, and the in-
terpretation is quite clear and the multipliers are defensible and 
presumably less biased than ad hoc values.19 Average partici-
pant scores are calculated by multiplying the percent responses 
for each response category times the weight or score for each 
response category. Under the Likert scale, 3.0  is commonly 
“neutral”; under the Labeled scales, 0 is “neutral”.

NET TO GROSS WITH MORE DEFENSIBLE MULTIPLIERS 
Net-to-Gross (NTG) calculations20 often includes elements re-
lying on Likert scales.21 In the most sophisticated NTG meth-
odologies, exemplified by the array of questions and corrobo-
rating elements for estimating free ridership and spillover in 
Massachusetts, several inputs rely on Likert scales. The inputs 
and steps assigned for the Massachusetts NTG methodology 
are included in Table 3. In the MA methodology, 25 % incre-
ments are assigned to the Likert scores in steps in the Free 
Ridership portions of the NTG calculation; these ad hoc in-
crements introduce inaccuracies or unsupported assumptions 
into the NTG results. The authors reviewed the methodology, 
recognized the bias introduced by use of these Likert scales 
and recommended use of an improved methodology for NTG 
computations being used going forward for Connecticut NTG 
work. The Labeled scaling approach has the potential to pro-
vide clearer questions and more defensible percentages and 
NTG results. 

19. And recall that the foundational literature for Likert Scales states up-front that 
differences between rankings are only more vs. less, and implies that ratios be-
tween the values cannot be assigned (and are not linear).

20. The NTG ratio represents the share of gross program savings that are attribut-
able to the program. 1-NTG is the share of savings that would have happened with-
out the program (but incentives were paid). The ratio is the combination of Free 
Ridership (participants and incentive recipients that would have bought the EE 
measure even without the program), and spillover (savings added without incen-
tive payments, e.g., induced by gained knowledge, word of mouth, etc.).

21. Skumatz, et. al., 2009, NMR 2020.

 
 Figure 2. Comparison of Academic LS multiplier Values with In-Sample Values for a SERA NEB/NEI study of LEDs for Multiple Categories of 

Interviewees. Source: Skumatz et.al., 2020.
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This change forces recalculations of several parameters. The 
“timing”, “efficiency level”, and “quantity” questions for the Free 
ridership questions rely on scales of “not at all likely (scored 
at 0), slightly likely (scored at 0.25), somewhat likely (scored 
at 0.5), very likely (scored at 1), and 0.5 for don’t know or re-
fused.22 While the system appears to have adopted some of the 
language of Labelled Scaling (LS), it has not adopted the scor-
ing. According to Figure 1, if a 4-point scale is preferred (and 
we use the LAM scale), then the language and scores should 
be revised to Slightly likely (.10), moderately likely (0.38), Very 
(much) likely (0.56), and Extremely likely (.90). Not at all likely 
could remain with a 0. The scores may differ somewhat based 
on the relative appropriateness of LAM, gLMS, etc., but LAM 
has appeared to reduce bias in some of the extremes, as noted 
elsewhere in this paper. The assignments of do not know and 
refused can be set using a weighted average if those respondents 
are “random” or non-systematic, or another value; however, a 
pre-determined value of 0.5 (as currently included in the MA 
calculations) seems inappropriate/ad hoc. IF, to provide conti-
nuity in NTG values over time, the minimum and maximum 
must be set to 0 and 1, then the intermediate scores can be re-set 
to LS ratios using 1/0.9 times the in-between values.

Two elements of the spillover questions also rely on Lik-
ert-type scales and equi-distant valuations. These are “influ-
ence” and “actions in the absence of program participation”23. 
The former phrases the increments as Not at all important 
(score  0), slightly important (score  3), somewhat important 
(score 6), and very important (score 10). Under a LS system, 
which recognizes the increments intended or expressed by 
respondents are not equidistant, better labels and scores for 
these elements would be revised to not at all important (0), 
slightly important (1.04*10/8.96=1.16), moderately important 
(3.75*10/8.96=4.18), very important (5.6*10/8.96=6.25), and 
extremely important (10) – including an adjustment to make 
sure the scale still ranges from 0 to 10 to not introduce discon-

22. For MA responses to question about timing: ‘Without the <incentives (etc.)> 
how likely is it you would have installed any type of equipment at the same time’; 
efficiency: ‘Without the <incentives etc.> how likely is it that you would have in-
stalled the exact same high efficiency level of equipment?’, and quantity: ‘Without 
the <incentives, etc.> how likely is it that you would have installed the exact same 
quantity of/amount of high efficiency measures/?

23. For MA responses to question about influence: ‘On a scale of 0–10 where 0 is 
not at all influential’ and 10 is ‘very influential’, how influential was <program at-
tribute> in your decision to install the high efficiency measure’. Program attributes 
include program rebate, marketing materials, etc. the question for actions in ab-
sence of program: ‘How likely is it you would still have purchased/installed energy 
efficient <equipment> that did not receive a rebate from <program sponsor>? 

tinuity in the time series of spillover values and calculations 
by introducing an entirely new range. Finally, the language for 
“actions in the absence of program participation” is phrased as 
not at all likely (score 10), slightly likely (score 6), somewhat 
likely (score 3) and very likely (score 0). The improved verbi-
age and scores would be revised to (here, again, assuming the 
same range is needed, but going from 10 to 0): not at all likely 
(10-0=10), slightly likely (10-(0.94*10/8.3)=8.87), moderately 
likely (10-(2.9*10/8.3)=6.5), very likely (10-(5.4*10/8.3)=3.5), 
and extremely likely (0). Note that initial calculations indicate 
that substituting LAM values for the intensity values (but not 
timing values) changes the NTG results by about 5.5 %.24

The existing Connecticut (CT) NTG elements rely on slightly 
different language, and contains some similar elements, but also 
includes elements of the NTG computations that are assigned 
without strongly-defensible links to the scores (for instance, 
the influence and timing scores).25 Using revised scoring that 
directly link to justifiable scoring of likelihoods, is probably 
worth considering in other states. If fewer response options are 
desired, options can presumably be skipped. Although not all 
NTG, free ridership, or spillover questions are phrased or used 
exactly as MA, the calculations above provide an example of 
how to translate Likert or equi-distant scales to less biased ver-
sions. 

QUANTIFYING BETTER/WORSE PROGRAM CRITERIA MORE MEANINGFULLY 
In matrices used to analyze or select among program options, 
criteria often include both quantitative data and qualitative 
factors. Some of these qualitative factors may be “pass/fail” or 
“satisfactory/unsatisfactory”. However, many of these qualitative 
factors can be relative – better, worse, much worse, than another 
option or the status quo. Likert or linear scales are often used for 
those elements that cannot be monetized; for example, options 
are scored better or worse on a 5, 7, or 9-point Likert scale, or 
may be simply assigned a rank from 1st to last. As noted above, 
both of these scoring systems are unable to reflect the non-linear 
nature of how much better or worse an option may be. Extreme-

24. Lisa Wilson-Wright and Melissa Meeks, NMR, 2020.

25. The CT logic for Influence is 1–5 for “no influence” to “had a great influence” 
and a 3 or higher is associated with “influenced by the program”. The CT logic for 
efficiency levels is asking if participants would have installed more efficient model, 
same efficiency, less efficient, would not have installed/purchased, or don’t know/
refused. The calculation treats “if more or same” scored as 0 to 1.0; if less, 0–0.75, 
and if none, score of 0. Both options would likely be improved by a move in the 
direction used in MA.

Table 2. Applying Labeled Scaling to Process Evaluation Questions.

A. 5-Point Likert 
Label for ”Satisfied with 

Program Application 
Process”

B. Common 
Likert % 
values

C. Suggested Labeled Scaling 
Labels for ”Satisfied with Pro-
gram Application Process” – 5 

point*

D. g-LMS 
values

E. LHS 
values

F. LAM 
values

G. OPUS 
values

Very Dissatisfied – 1 0 % Extremely dissatisfied -0.52 -0.66 -0.90 -0.82

2 25 % Moderately dissatisfied -0.15 -0.19 -0.29 -0.39

3 50 % Neither satisfied nor dissatisfied 0.00 0.00 0.00 0.00

4 75 % Moderately satisfied 0.19 0.18 0.10 0.23

Very Satisfied – 5 100 % Extremely satisfied 0.52 0.66 0.90 0.82

(*) Note that Labeled options support 5, 7, 9-point scales, with special wording.
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ly better (say, on hassle factor or complexity to install a meas-
ure), is not simply “one unit” better than Very much better – the 
LS table indicates a move from “moderately” to “very much” is 
a 1.5 to 2.4 times increase in value, and from “moderately” to 
“extremely” is an increase of 1.3–3.7 times. A LMS scale better 
represents differences in intensity of difficulty or ease than the 
“one unit” differences arising from Likert scales.

In our very simple example (Table 4), we show differences 
that might arise when using a Labeled Scale vs. a simple Lik-
ert Scale. The example is for a city identifying what strategies 
– from among a limited set of energy/energy efficiency and 
solid waste strategies – might be most suitable when consider-
ing what options to use to move toward greenhouse gas (GHG) 
reduction goals.26 The criteria weights are included near the 
bottom of the table. Criteria A, B, and C are all quantitative. 
Column  A is the ratio of the cost-per-metric ton of carbon 
equivalent, normalized to have the cost for Commercial light-
ing be “1”. Column B is also numeric, and calculated in a simi-
lar way. Column C is expressed in years. Finally, Column D (or 
Column E) is used as an example of a non-quantitative factor 
that is important for a City the options. Note our case assumes 
a community without a City Municipal Energy Utility. In that 
case, then, it is very difficult for a City to get a commercial light-
ing in place at their servicing utility. Presumably they would 
need to go through influencing the state-level PUC to influ-
ence the utility to develop such a program (assuming these 

26. Note this example comes from a Skumatz ACEEE paper from 2010. Therefore, 
some of the ratios of dollars-per-MTCE are now outdated; solar/wind are likely less 
expensive (Skumatz, 2010).

programs do not exist). However, a city has the ability to pass 
an ordinance for a special trash rate program, or to put out an 
RFP to contract for new curbside recycling service, and so on. 
It is harder for cities to gain authority in the commercial trash 
sector, but not very difficult, and that is reflected in the scores 
below. With a Likert scale, we find the ratio from easiest to 
hardest is only 5:1. However, using the labelled scale, extremely 
difficult is actually something that is about 9 times worse than 
“slightly difficult”. And the scores in-between are also not lin-
ear. Looking for the lowest score among the weighted scores on 
the far right, we find a difference in the lowest (best) scoring 
option (largely constructed by our large weight on “difficulty), 
but the point of the example is to note that a simple Likert or a 
High/Medium/Low assignment for some qualitative factors is 
easily replaced by a more robust, meaningful, and defensible 
labelled magnitude system and it can better reflect unequal, 
and non-linear (almost exponential) differences between “low” 
and “high” associated with qualitative factors. This refinement 
is very easy to substitute and we use it all the time.

BARRIERS ANALYSIS – MOVING TO IMPLEMENTABLE RESULTS 
Process evaluations often involve analysis of barriers. Likert 
scales are the most common method used to assess the impor-
tance of barriers. Using a scale similar to Column A in Table 4, 
respondents mark a 1–5 (or 7 or 9) in response to the question, 
and the weighted average response is reported as the “score” 
for the particular barrier. Recognizing that a numbered is most 
useful when compared to another number, the list of barri-
ers may be ranked by their score, indicating that, perhaps, the 
paperwork barrier is a 3.2 and other barriers score from, say, 

Table 3. Steps in MA NTG Calculations (Free Ridership and Spillover).

 
 

Subject Sub-Element Key Differences
Uses Likert 
25%/50% etc.

Prior intentions
 Uses prior intentions only to resolve respondent inconsistencies; not part of primary FR 
algorithm No

Timing

 Respondents who say they are slightly or somewhat likely to have installed the 
equipment at the same time in the absence of the program are asked about doing it 
within six months, between six months and a year, or more than a year later. They are 
not given the option of doing it sooner.  Those who say they would have done it more 
than a year later skip the efficiency and quantity questions (max FR of 0.25) Yes

Efficiency levels
 Examines the likelihood of purchasing the same efficiency level and does not allow for an 
option of purchasing a more efficient model Yes

Quantity  Examines the likelihood of purchasing the same quantity in the absence of the program Yes
Influence  Uses a scale of 0 to 10 to rate program influence No

Screening
 Examines only purchases or changes where the respondent believes program 
participation influenced their decision No

Identifying measures  Uses general categories to prompt respondents on possible spillover measures No
Ascertaining 
measure efficiency  Uses detailed, open-ended questions to examine spillover measure efficiency No

Influence
 Offers four options (not at all important, slightly important, somewhat important, very 
important) to rate program influence Yes

Actions in the 
absence of program 
participation

 Examines likelihood of taking actions (not at all likely, slightly likely, somewhat likely, 
very likely) in the absence of program participation Yes

Consistency check
 Examines if the measure would have qualified for the program and limits spillover to 
only those measures. No

Source:  adapted from 2020 document prepared by NMR Group.  Likert notes added by authors.

Free-ridership

Spillover

(*) – CT uses many similar steps, but based on this research, is modifying MA’s methods to change from Likert to Labeled scaling for  
three steps. 

Source: NMR and Tetra Tech 2020. Likert notes added by this paper’s authors.
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1–4.3. Unfortunately, using a Likert scale does not allow the 
analyst to suggest that the barrier with a score of 1 is twice as 
bad or dire as the barrier receiving a score of 2. Comparisons 
over time can also be made. The paperwork barrier may have 
been 3.0 last year, and is 3.2 this year. This 0.2 change in score 
can indicate the situation is worse (assuming the confidence 
intervals show a difference), and its change could be compared 
to changes in score for other barriers to identify those that 
worsened most dramatically in a year. However, the differences 
are not meaningful in ratio form, and provide no information 
about how much more or less important some barriers are than 
others to the participant or non-participant respondents, and 
do not directly identify remedies that would resolve the issue or 
get potential participants to “neutral”. The first two difficulties 
could be resolved if Labeled Scales were used instead.

To go a step further, Likert (and simple Labeled Scale) re-
sponses do not provide much implementable information about 
what to do next, or how much value respondents associate with 
the barrier. This question can be answered, however, with an 
enhancement on the Labeled Scale system. If a well-designed 
NEI set of questions27 were incorporated into the process eval-
uation survey and used to assess barriers28, the resulting NEI 
value would represent a direct estimate of the monetary value 
associated with the barrier. Assume the estimate is $75 per busi-
ness. This value could be interpreted to mean that, on average, 
this barrier (e.g., maintenance of high-tech HVAC equipment) 
is a $75 barrier to participation.29 The clear and direct program 
recommendation would be that if the utility It could be inter-
preted to indicate that, on average, the barrier could be erased 

27. Which employ questions that use Labeled scales as a key component, as de-
scribed above.

28. A negative NEB/NEI can be interpreted as a barrier; and a not uncommon neg-
ative NEI from SERA NEI studies are concerns that maintenance for very high-tech 
energy efficient HVAC equipment in (small) commercial buildings might be beyond 
the capabilities of in-house custodial staff or local HVAC contractors.

29. or to selection of this measure or one measure vs. another, or however the NEI 
questions are posed.

(or customers brought to “neutral”) with an increase in incen-
tive of $75, or a similarly-valued “free” warranty visit, or other 
such incentive relevant to the program and measure/barrier. A 
drill-down on the NEI value would also provide information on 
the distribution, not just the average, value of the NEI. Program 
staff could potentially find that 50 % of the customers could be 
brought to neutral with an incentive of perhaps $20, and other 
findings and recommendations could be derived that would be 
far more specific than the information derived from a Likert 
(or VAS) or sampled Labeled Scale analysis. These values can 
be – and have been – calculated using a version of the question 
framework presented in Table 530, 31.

Conclusions and Recommendations
Likert-based survey questions are common in EM&V work, 
including process evaluations, barriers analysis, and net-to-
gross applications. Simple rankings or Likert scales are also oc-
casionally applied to the non-quantitative elements of program, 
measure, or project analysis on a wide variety of topics. Proper 
analysis of Likert scales allows the researcher to identify that 
a score of 4 is higher than a score of 3, but does not support 
estimating how much higher with any confidence, and analysis 
techniques are limited. VAS approaches offer an improved op-
tion, but this paper suggests that one of a set of Labeled Scales 
(LAN is our most preferred as stated earlier32) provides advan-
tages in a number of EM&V analyses. 

30. Skumatz, 2015a and other citations.

31. “What, if any, positive, negative, or no effects did you receive from <measure / 
program> above and beyond what you would have received from installing a stand-
ard efficiency measure”: Note the proper baseline should be used for replacement 
on failure vs. early replacement, etc. baselines.

32. LAM was shown to have equal reliability and sensitivity to the hedonic scale, 
provided somewhat greater discrimination among highly liked foods, and resulted in 
data that were similar to magnitude estimation in terms of the obtained ratios among 
rated stimuli. The LAM scale was also judged by consumers to be as easy to use 
as the 9-pt hedonic scale and significantly less difficult than magnitude estimation.

Table 4. Example of Refined Options for ”Better/Worse” in an Options-Comparison Context with some Qualitative Indicators.

 
 

City Selecting Strategy for GHG Reduction - Energy vs. Recycling-Related

1 is fastest / best / cheapest
A. Ratio 
$/MTCE

B. Relative 
Jobs/$ 
spent

C. Relative 
Speed to 
implement

D. Difficulty 
for City to 
Implement 
(Likert, 
1=easy; 
5=difficult)

E. Difficulty for City 
to Implement (LS 
words)

F. Labeled 
Scaling 
score/10

G. 
Weighted 
Final Score 
- Columns 
A, B, C, D - 
Using 
Likert

H. 
Weighted 
Final Score 
- Columns 
A, B, C, F - 
Labeled 
Scale

Commercial Lighting Program 1 1 3 5 Extremely difficult 9 3.4 5.4
LI Weatherization 3 2 3 5 Extremely difficult 9 3.9 5.9
Wind 7 3 10 5 Extremely difficult 9 6.2 8.2
PV 17 11 10 5 Extremely difficult 9 9.0 11.0
Pay As you Throw Trash Rates 0.5 5 0.5 1 Slightly difficult 1 1.2 1.2
Curbside Recycling 0.7 2 1 1 Moderately difficult 3.8 1.0 2.4
Curbside Yard Waste 0.7 0.5 1 1 Moderately difficult 3.8 0.9 2.3
Commercial Recycling 2 1 3 3 Very difficult 5.6 2.6 3.9
Commercial Food Scraps 9 0.5 3 3 Very difficult 5.6 4.0 5.3
Criteria Weights 0.2 0.1 0.2 0.5 0.5
(Based on study from 2010; some values no longer accurate

Rationale for Extremely difficult for City to implement energy programs - assumes city does not have municipal energy utilty and can only influence through PUC

Source: Skumatz 2010.
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nlm.nih.gov/pmc/articles/PMC4833473/

DeCastellarnau, A., 2018. “A classification of response scale 
characteristics that affect data quality: a literature review”. 
Qual Quant 52, 1523–1559. 2018. https://doi.org/10.1007/
s11135-017-0533-4; https://link.springer.com/content/
pdf/10.1007/s11135-017-0533-4.pdf

Green, B.G., Shaffer, G.S., Gilmore, M.M., 1993. “Derivation 
and Evaluation of a Semantic Scale of Oral Sensation 
Magnitude with Apparent Ratio Properties”, Chemi-
cal Senses, 18 (6), 683–702 December, 1993. https://doi.
org/10.1093/chemse/18.6.683

Hasson, Dan, Arnetz, Bengt B., 2005. “Validation and Find-
ings Comparing VAS vs. Likert Scales for Psychosocial 
Measurements”, International Electronic Journal of Health 
Educations, 2005; 8: 178–192. https://files.eric.ed.gov/full-
text/EJ794094.pdf

Hayes, M. H. S. & D. G. Patterson, “Experimental develop-
ment of the graphic rating method”. 1921. Psychological 
Bulletin, 18, 98–9.

The refinements suggested in this paper will not lead to 
dramatic differences in calculated results, but the suggested 
approach is more robust and the calculations more defensible 
and justifiable than the more common Likert methods used 
for these process and evaluation analyses. We suggest that 
readers consider modifying their current EM&V surveys to 
incorporate Labeled Scaling verbiage and approaches in lieu 
of Likert options where feasible. This paper illustrates the LS 
approach in a number of examples, but we suspect analysts will 
be able to expand these examples to many more evaluation ap-
plications offering improvements over traditional linear scale 
methods.
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