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Both our study (1) and the follow-up described by Frederick
et al. (2) indicate that people know relatively little about how
much energy is used by different devices and appliances. In our
view, the additional data strengthen rather than weaken our
original conclusions.
It is well known that numerical judgments are subject to anchoring effects, with initial values having substantial inﬂuence on
ﬁnal answers (3). In our article, we noted that the compressed
range of respondents’ energy estimates “almost certainly resulted
from an anchoring bias in which the reference point provided in
the task served as an anchor for participants’ estimates, causing
those estimates to be too similar to the reference point”
(p 16057). This compression, combined with a relatively low
reference point (a 100-W light bulb used for 1 h), contributed to
the underestimation of energy use. We also predicted that “it
would be possible to eliminate this underestimation (or even
generate overestimation) by using a higher reference point”
(SI Text, p 2). The follow-up study replicates our results for the
light-bulb reference point and conﬁrms the expected effects of
other reference points on means and ranges, thereby verifying
our account.
Before implementing our survey, we conducted several interviews in which participants thought out loud while estimating the
energy use of different appliances, as commonly suggested in
the survey-design literature (4). Without a reference point,
interviewees found it hard to judge the energy use of different
devices; however, using a light bulb as a reference (as opposed
to other devices) made the quantitative judgments easier.
Frederick et al. (2) report that the most common response to
the prompt “name something that uses energy to operate” was
“computer” (30%). Although these participants were not necessarily selecting a reference point for energy estimates, the
average 1-h energy use of a laptop and desktop computer [about
(48 + 140)/2 = 94 Wh] is remarkably close to our light-bulb
reference point (100 Wh). Any reference point in this range
would lead to similar estimation results.
Because many people do not know what constitutes a watt or
kilowatt, Frederick et al.’s two no-reference-point conditions

www.pnas.org/cgi/doi/10.1073/pnas.1019040108

were presumably difﬁcult. The kilowatt condition seems particularly hard: because half the devices listed are rated as
less than 1 kW, correct responses would have to be typed as
decimals. Thus, we are not surprised that the 51-fold overestimation with kilowatts was larger than the sixfold underestimation with watts. More telling is that the average
numerical responses in the two conditions differed by a factor
of only (1,368/6)/(1.368 × 51) = 3.3 rather than 1,000.
Therefore, what looks like a huge difference is actually insensitivity to the change of units.
In summary, we agree with Frederick et al. that estimates of
energy use are labile. This instability follows from the lack of
available information and people’s lack of knowledge about
energy use. However, when people choose their own (typically
low) reference points, they underestimate the energy use of
home appliances and underestimate the range of energy use
among appliances. Correcting such misperceptions may be
a necessary precursor to narrowing the US energy efﬁciency
gap (5).
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Wändi Bruine de Bruind
a
The Earth Institute and Center for Research on Environmental
Decisions, Columbia University, New York, NY 10027; bDepartment of Psychology, Ohio State University, Columbus, OH 43210;
c
Syracuse Center of Excellence in Environmental and Energy Systems and Department of Civil and Environmental Engineering,
Syracuse University, Syracuse, NY 13244; and dDepartments of
Engineering and Public Policy and Social and Decision Sciences,
Carnegie Mellon University, Pittsburgh, PA 15213
1. Attari SZ, DeKay ML, Davidson CI, Bruine de Bruin W (2010) Public perceptions of
energy consumption and savings. Proc Natl Acad Sci USA 107:16054–16059.
2. Frederick SW, Meyer AM, Mochon D (2011) Characterizing perceptions of energy
consumption. Proc Natl Acad Sci USA, 10.1073/pnas.1014806108.
3. Tversky A, Kahneman D (1974) Judgment under uncertainty: Heuristics and biases.
Science 185:1124–1131.
4. Converse J, Presser S (1986) Survey Questions: Handcrafting the Standardized Questionnaire (Sage Publications, Thousand Oaks, CA).
5. Dietz T (2010) Narrowing the US energy efﬁciency gap. Proc Natl Acad Sci USA 107:
16007–16008.

Author contributions: S.Z.A., M.L.D., C.I.D., and W.B.d.B. wrote the paper.
The authors declare no conﬂict of interest.
1

To whom correspondence should be addressed: E-mail: shahzeen.attari@gmail.com.

PNAS Early Edition | 1 of 1

