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ABSTRACT ARTICLE HISTORY
When asked to estimate the carbon footprint of a bundle of low carbon footprint and high carbon Received 29 May 2024
footprint items, people typically report a lower value compared to estimating the high carbon Accepted 29 September
footprint items alone. This finding is called the negative footprint illusion. Previous research 2024

suggests that people might be made less susceptible to this effect depending on whether they
are asked to evaluate how environmentally friendly or how environmentally damaging the items
are. In the current study, we used large instead of small stimulus sets (i.e. a more powerful
experimental manipulation than that in previous research) and show under these circumstances
it does not matter whether participants are required to make friendliness or damaging estimates.
The role of attribute substitution along with other conceptual and methodological issues to the
negative footprint illusion are discussed, particularly in relation to a recent paper by Gorissen
et al. [2024. Green versus grey framing: Exploring the mechanism behind the negative footprint
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illusion in environmental sustainability assessments. Sustainability, 16(4), 1411].

Introduction

When asked to estimate the carbon footprint of a bundle
of relatively low carbon footprint and relatively high
carbon footprint items, people typically report a lower
value than when estimating the high carbon footprint
items alone. This finding is called the negative footprint
illusion (Gorissen & Weijters, 2016) and has been
studied extensively during the last decade (see Sorqvist
et al., 2020; and Andersson et al., 2024 for reviews).

The negative footprint illusion resembles the nega-
tive calorie illusion (Chernev, 2011) which is the obser-
vation that when asked to estimate the calorific
content of a bundle of relatively low-calorie foods and
relatively high-calorie foods, people typically report a
lower calorie value than when estimating the high-
calorie food items alone. For example, a hamburger
(high-calorie food) together with some carrots (low-
calorie food) are assigned a lower calorific value
together in comparison with the hamburger alone.
This similarity between the negative footprint illusion
and the negative calorie illusion suggests that they are
both part of a family of cognitive effects that emerge
when people estimate the characteristics of bundles of
vices and virtues (Chernev & Gal, 2010).

One key finding is that the magnitude of the negative
footprint illusion (and thus the mechanism(s) that
produce the effect) depends on the characteristics of
the to-be-estimated stimuli. For example, when the to-
be-estimated items are distributed irregularly over the
visual field, the effect increases in magnitude, in com-
parison with when the high carbon footprint items are
presented in one group, spatially separated from
another group comprising the low carbon footprint
items (Sorqvist et al, 2022). Moreover, the effect is
larger for a set comprising many, as compared with
few, low carbon footprint items, regardless of whether
the number of high carbon footprint items in the set is
constant: As the number of low carbon footprint items
increases, the negative footprint illusion increases even
if the ratio between the number of low and high
carbon footprint items remains identical (Andersson
et al.,, 2024). The type of item also seems to matter to
some extent. When an organic apple (a low carbon foot-
print item) is added to a burger (a high carbon footprint
item) and people are asked to estimate the carbon foot-
print of the full meal comprising both items, the nega-
tive footprint illusion arises (Gorissen & Weijters, 2016).
The same thing happens when representations of
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green buildings (low carbon footprint items) are com-
bined with conventional buildings (high carbon foot-
print items) into a common set (Andersson et al., 2024;
Holmgren et al., 2018; Holmgren et al,, 2018; Sorqvist
et al, 2022; Sorqvist & Holmgren, 2022; Threadgold
et al., 2021); when hybrid cars are combined with
petrol cars (Holmgren et al., 2021; Threadgold et al.,
2021); but not when organic apples are combined with
regular apples (Threadgold et al., 2021).

Another general tendency emerging from the
growing body of literature on the negative footprint illu-
sion is that it appears to be resistant to variations in the
dependent measure. The effect seems to behave the
same way regardless of whether estimates are made of
the items’ carbon footprint or the items’ carbon
dioxide emissions (Holmgren et al., 2021). Further, the
effect behaves similarly when participants are asked to
make an indirect estimate of the carbon footprint of
the items, by estimating how many trees would be
needed to compensate for the emissions associated
with the construction of buildings, through the process
of carbon binding (Holmgren et al,, 2018). The effect
seems also to be insensitive to the colour of the
response scale (Gorissen & Weijters, 2016). Moreover,
most studies on the negative footprint illusion have
used a type of response scale that may promote a quali-
tative rather than a quantitative mindset when making
the estimates. Even so, when participants are asked to
make the estimate on a quantitative/objective response
scale (reporting a kilogram estimate to the question
“how many kilograms CO, do the items generate?”),
rather than a more qualitative/subjective response
scale (reporting a small-large estimate to the question
“how large is the item’s carbon footprint?”), the negative
footprint illusion still emerges (S6rqvist & Holmgren,
2022; see Biernat et al., 1991, for an influential paper
on the importance of the difference between subjective
and objective response scales in human judgment).

Against this background, the results from a recent
study by Gorissen et al. (2024) are at first glance surpris-
ing. They found that estimates of the environmental
friendliness of a set comprising a burger (high carbon
footprint) and an organic apple (low carbon footprint)
were higher than for a set comprising the burger
alone, whereas no difference was found between the
two sets when participants were asked to estimate
how environmentally damaging they were. The authors
argued that these results suggest an important differ-
ence between “green” and “grey” judgment scales.
Green scales refer to estimates of how good something
is for the environment, whereas grey scales refer to esti-
mates of how bad something is for the environment. The
authors argued that the difference arises because green

scales trigger an evaluative (qualitative) mindset,
whereas grey scales evoke a summative (quantitative)
mindset (cf. Holmgren et al., 2018). Here, an evaluative
mindset refers to a mindset wherein participants
attend to the items’ affective/qualitative value on a
goodness/badness dimension. In turn, a summative
mindset refers to a mindset wherein participants
attend to the quantitative values of the items and how
these add together. Thus, the idea is that a negative
footprint illusion, here represented by the difference in
estimates of the two sets (organic apple and burger vs.
burger alone), appears with the green scale, but not
with the grey scale, because the green but not grey
scale supposedly triggers an evaluative mindset
wherein the estimate results in an average of the good-
ness and the badness of the combined items rather than
their sum.

In view of past research on this phenomenon, several
issues arise from this line of thought. First, there is a con-
ceptual problem. It could be argued that a dish compris-
ing a burger and an organic apple is indeed more
environmentally friendly than the burger alone, because
the organic apple is perceived as an environmentally
friendly object. Assigning a higher estimate for this set
is thus normatively correct, even if the industrial pro-
duction of an organic apple has a carbon footprint.
This is different from the typical negative footprint illu-
sion paradigm, wherein estimates are made of carbon
footprint: A low carbon footprint house, in combination
with a high carbon footprint house, does not have a
lower carbon footprint in total than the high carbon
footprint house alone. Assigning a lower carbon footprint
for the combined set is therefore false. It can only
become true through an attribute substitution process
(Kahneman & Frederick, 2001), whereby participants
(subconsciously) replace the question “how large is the
carbon footprint of the items?” with the simpler one
(“how environmentally friendly are the items?”) of evalu-
ating the environmental friendliness of the items instead
of the items’ carbon footprint. In other words, to say that
a low carbon footprint house and a high carbon foot-
print house in combination are more environmentally
friendly than the high carbon footprint house alone
can indeed be correct, if the houses are evaluated on
this friendly-unfriendly dimension, but to say that the
combination has a lower carbon footprint would be nor-
matively incorrect.

Second, as the authors accurately point out (Gorissen
et al., 2024), past studies on the negative footprint illu-
sion have all used a grey scale, whereby the participants
have been asked to evaluate how environmentally
damaging the items are (in terms of, e.g. the items’
carbon footprint or how much CO, they generate).



However, a difference between the two sets (organic
apple and burger vs. burger alone) was not found in Gor-
issen et al.'s study using the grey scale. Given the broad
array of experiments that have incorporated grey scales
and have indeed observed a negative footprint illusion
with such scales, why did Gorissen et al. fail to observe
an effect? We believe the answer to this question lies
in the stimuli they adopt.

A small set size produces a small negative footprint
illusion. Sometimes small set sizes result in no negative
footprint illusion at all, but rather a “zero footprint illu-
sion” (or a quantity insensitivity effect; Kim & Schuldt,
2018) whereby estimates for a small set comprising
low and high carbon footprint items are no different
from those of a small set comprising just the high
carbon footprint items (Andersson et al., 2024). Esti-
mates of similar magnitude for the two sets do not
reflect a negative footprint illusion but parity of esti-
mates is not normatively correct either. Such findings
might reflect a weak effect from small experimental
manipulations. When comparing estimates of a single-
item set with a two-item set, as in Gorissen et al.s
(2024) study, a very small negative footprint illusion is
thus expected. Consistently, the difference in the
environmental damage estimates of the two sets was in
the same direction as would be expected for a negative
footprint illusion (i.e. a lower environmental damage esti-
mate for the burger and apple combined as compared
with the burger alone), but the difference was very
small and not statistically significant. A larger set size
might hence paint a different picture.

The purpose of this study was to critically test
whether it matters to ask participants to estimate how
environmentally damaging versus how environmentally
friendly a set of items is, through using a comparably
large stimulus set. Specifically, in this study participants
viewed sets comprising a couple of dozen (sketched)
houses, for which their degree of environmental friendli-
ness varied. This variation was communicated by the
colour of the houses whereby green indicated a low
carbon footprint (low environmental impact), red illus-
trated a high carbon footprint (high environmental
impact), and yellow depicted an intermediate carbon
footprint (moderate environmental impact). It was
hypothesised that participants would assign (1) a lower
environmentally damaging estimate to a set comprising
yellow and green houses in combination, in comparison
with the estimate of the yellow houses alone; (2) a
higher environmentally friendliness estimate to a set
comprising yellow and green houses in combination,
in comparison with the estimate of the yellow houses
alone; and (3) that these two effects would be similar
in magnitude. Furthermore, all possible combinations
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of yellow, green, and red houses were included to
thoroughly explore the similarities in response patterns
across the two judgment scales and across stimuli that
varied in their environmental impact.

Methods
Participants

An a priori power analysis (using G*Power; Faul et al,
2007) based on the effect size of Cohen’s d,=0.53 for
the negative footprint illusion reported in Sérqvist and
Holmgren (2022) revealed that 49 participants would
be enough to detect the effect in a within-participants
design with power (1 — [ error probability) set to 0.95
and assuming a two-tailed hypothesis. A total of 59 indi-
viduals took part in this study (70% women, 29% men,
and 1% who either did not want to reveal their gender
or identified with another gender). Thus, the study was
adequately powered. The participants’ mean age was
26.04 years (SD =7.20). They all received a small honorar-
ium for their participation. The participants were
recruited from the student pool at the University of
Gavle and the data collector’s social networks. The data
collection adhered to the Declaration of Helsinki and
the ethical guidelines given by APA. Written informed
consent was obtained from all participants prior to par-
ticipation and the study was approved by the Swedish
Ethical Review Authority (Dnr 2023-01109-01).

Materials

Sketched houses were used as stimuli and were identical
except that they were depicted in either green, yellow, or
red colour. These houses were distributed across an invis-
ible 9 x 8 matrix to create 7 pictures (see Figure 1 for
examples): green-coloured houses only (24 green
houses, pseudo-randomly distributed, such that each
row had 3 houses), yellow-coloured only (24 yellow
houses, distributed as the green houses in the matrix),
red-coloured only (24 red houses, distributed as the
green houses in the matrix), green and yellow houses
(24 of each), red and yellow houses (24 of each), green
and red houses (24 of each), and a picture with all three
types of house (24 of each, thus all cells in the matrix
were filled). These 7 pictures were also all inverted over
the x-axis, to create another set of 7 pictures with the
same contents but with the houses distributed differently.

Design and procedure

A within-participants experimental design was used. The
participants sat alone, in a lab, in front of a desktop



4 P.SORQVIST AND J. E. MARSH

fififs o fif
i fAff B
ffta of
& it 4

i)
& A a0t
)

(A)

B)

©

Figure 1. Examples of the stimulus material used in the experiment: only green houses (Panel A), yellow and red houses (Panel B), and

a picture with all three types of houses (Panel C).

computer during the data collection. The computer con-
trolled the presentation of instructions, stimulus
material and response collection. At the onset, the par-
ticipants read instructions about the environmental
impact of buildings and how this environmental
impact can be represented by a colour system ranging
from green to red. They were also shown a picture illus-
trating a building environmental impact evaluation
scale, ranging from dark green (lowest environmental
impact), to red (highest environmental impact), with
yellow (intermediate environmental impact) in the
middle of the 7-point scale. Participants were also told
that their task would be to view pictures of houses
with varying environmental impact, corresponding to
their colour as explained by the rating scale, and to
make estimates of the houses’ combined environmental
impact in two ways: either by judging how environmen-
tally friendly the houses in the picture are, or by judging
how environmentally damaging the houses in the
picture are. After reading the instructions, the partici-
pants pressed a button to proceed to the estimation
task. The task was divided into two blocks. In one
block, the computer presented each of the 7 pictures
in random order and asked participants to estimate
how environmentally friendly the items are, one
picture/estimate at a time. Estimates were made on a
seven-point scale (similar to Gorissen et al., 2024)
ranging from 1 (not environmentally friendly) to 7 (envir-
onmentally friendly). The participants were allowed as
much time as they needed to make an estimate and
pressed a button to proceed to the next picture. The
other block was identical, with the exception that here
participants were asked to estimate how environmen-
tally damaging the items are. Estimates were made on
a seven-point scale ranging from 1 (environmentally
damaging) to 7 (not environmentally damaging). Note

that a low number for both scales represents “bad for
the environment” and a high value represents “good
for the environment”. Seven estimates (out of 826 esti-
mates in total) were missing, probably due to omissions.
These missing data points were replaced by the average
of the estimates of the corresponding item set. The order
of the two blocks was counterbalanced between partici-
pants, so that half began with making damaging esti-
mates in the first block they encountered, while the
other half began with making friendliness estimates in
the first block they encountered. At the switch
between blocks, participants read a brief instruction of
the change in the judgment scale. The regular pictures
were presented in the first block, and the inverted ver-
sions of the pictures were presented in the second
block. The whole experiment took 5-10 min to com-
plete. The data can be accessed from doi.org/
10.17605/0SF.10/SXMQC.

Results

As can be seen in Figure 2, judgments made on the
“green” scale were similar to judgments made on the
“grey” scale. A 7(stimulus set)x2(judgment scale)
repeated measures analysis of variance was conducted
first, as an overarching test of whether the judgment
scale generally influenced participants’ estimates and
whether it interacted with stimulus sets. The analysis
revealed a significant effect of stimulus set, F(6, 348) =
305.84, p <.001, r]f,=.84, BFio= 0. There was no effect
of scale, F(1, 58)=0.47, p=.497, n;=.008, BFy, =13.14,
and no interaction between the factors, F(6, 348)=1.57,
p=.156, n3=.03, BFy; =28.42. Thus, we conclude that
participants’ estimates were consistent across all stimulus
conditions, regardless of the judgment scale used
(environmental friendliness or environmental damage).
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Figure 2. Mean estimates of different clusters of stimuli across two judgment scales: estimates of how environmentally friendly the
items are and estimates of how environmentally damaging the items are. The colours of the bars represent the colours of the stimuli in
the estimated set. Note that higher values for the environmental friendliness estimates (left) represent higher environmental friendli-
ness, and higher values for the environmentally damaging estimates (right) represent lower environmental damage as the latter scale
was inverted. Error bars represent standard error of conditional means.

Next, we turned to hypothesis testing. The first thing
to note is that participants assigned a lower environ-
mental damaging estimate to an item set comprising
green and yellow houses in comparison with a set com-
prising the yellow houses alone, t(58) =8.30, p <.001,
Cohen’s d=1.08, BF;,=478x10% This confirms
Hypothesis 1 and corresponds to the typical pattern
found in the negative footprint illusion literature, but
in that literature as opposed to here, participants have
been requested to estimate the carbon footprint of the
items.

The second thing to note is that participants also
assigned a higher environmental friendliness estimate

to an item set comprising green and yellow houses in
comparison with a set comprising the yellow houses
alone, t(58)=4.13, p<.001, Cohen’s d=0.54, BFo=
190.70. This confirms Hypothesis 2.

A third thing to note is that the difference between
the two key conditions (i.e. stimulus comprising green
houses and yellow houses versus yellow houses only)
was similar in magnitude across the two scales. The
mean difference scores for the estimates of a set with
green + yellow houses and a set with yellow houses
were 0.96 (SD=0.89) for the grey scale and 0.64 (SD =
1.18) for the green scale, respectively. Although these
means differed statistically, t(58)=2.05 p=.045,
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Cohen’s d =0.24, BFy; =1.32, the Bayes Factor favours
the null over the hypothesis. Hence, the empirical
marker that corresponds to a negative footprint illusion
seems similar across the green and grey judgment
scales, confirming Hypothesis 3, but as the frequentist
and the Bayesian analysis were inconsistent, this con-
clusion must be interpreted with caution. If anything,
the difference was larger for the grey (environmentally
damaging) than for the green (environmentally friendli-
ness) ratings, which contradicts the findings of Gorissen
et al. (2024).

It is also noteworthy that the typical “negative foot-
print illusion” effect pattern, observed when estimates
of a stimulus set comprising low environmental impact
(green) items and intermediate environmental impact
(yellow) items are compared with estimates of the
items with intermediate environmental impact alone,
was also found with other stimulus combinations. For
example, intermediate environmental impact (yellow)
and high environmental impact (red) items, in combi-
nation, were rated as more environmentally friendly
and less environmentally damaging, than items with
high environmental impact (red) alone. A statistical
analysis confirmed these conclusions. A 2(stimulus set:
red and yellow versus red only) X 2(response scale:
green versus grey) repeated measures analysis of var-
iance revealed a significant effect of stimulus set, F(1,
58) =418.05, p <.001, BF;,=1.50%10"?, but no effect
of scale, F(1,58) = 1.86, p =.178, BFy; = 3.34, and no inter-
action between the factors, F(1, 58) =0.73, p =.396. BFy,
=2.88. This suggests that the typical pattern of judg-
ment, with lower environmental impact estimates of an
item set with low and intermediate carbon footprint
items in comparison with estimates of an item set com-
prising only the intermediate carbon footprint items, is
not restricted to estimates of items with a specific
degree of environmental impact. It generalises to
stimuli with other degrees of environmental impact as
well. The findings also provide further evidence of the
similarity between the two judgment scales.

A control analysis of potential effects of the order of
judgment scale condition (i.e. making green ratings
first versus making grey ratings first) was conducted,
by running an analysis of variance with scale order as a
between-participants independent variable, scale
(green versus grey ratings) as a within-participants inde-
pendent variable, and stimulus conditions (green and
yellow houses versus yellow houses only) as a within-
participants independent variable. The analysis found
no three-way interaction, F=0.99, p=.323, BFy =
10.87, with a Bayes Factor in strong favour of the null-
hypothesis, confirming that it did not matter whether
participants made green or grey estimates first.

Perhaps more importantly, an independent samples t-
test revealed no difference in the magnitude of the
difference between the key stimulus conditions (as cal-
culated by taking estimates of green and yellow
houses minus estimates of yellow houses only) among
participants who made estimates on the green scale
first (M=0.77, SD=0.94) and participants who made
estimates on the grey scale first (M =0.68, SD=1.10), t
(57)=0.34, p=.736, Cohen’s d =0.09, BFy, = 4.85, confi-
rming that the difference between the two key stimulus
conditions was similar regardless of judgment scale.

Discussion

The experiment reported here revealed estimation pat-
terns very similar for estimates of items’ environmental
friendliness and estimates of how environmentally dama-
ging the items are. Specifically, the results revealed that a
lower environmentally damaging estimate was assigned
to a set comprising yellow and green houses in combi-
nation, in comparison with the estimate of the yellow
houses alone (confirming Hypothesis 1 and at odds
with the results reported by Gorissen et al., 2024); a
higher environmental friendliness estimate was
assigned to a set comprising yellow and green houses
in combination, in comparison with the estimate of the
yellow houses alone (confirming Hypothesis 2); and
this effect was similar in magnitude across the two
scales (confirming Hypothesis 3, and also at odds with
the results reported by Gorissen et al., 2024).

There are several methodological differences
between the current study and the study by Gorissen
et al. (2024) that could contribute to this difference in
results. For example, Gorissen et al. deployed a
between-participants design whilst a within-participant
design was adopted here. It is possible that the choice
of study design was a driver for the difference in
findings reported. We adopted a within-participants
design to optimise the comparison of how people
respond using the two judgment scales, making sure
that differences between conditions/scales could not
be attributed to individual differences between partici-
pants, which is often a source of confounding factors
in between-participants designs. However, an interpret-
ation of our results that would align with Gorissen et al.
(2024) is that, in our within-participant design, the differ-
entiation between qualitative and quantitative mind-
sets, arguably evoked by the green and grey scales (cf.
Gorissen et al., 2024), may have been reduced with par-
ticipants exposed to both types of scales somehow
blending their responses. This might, for example, be
due to participants becoming more familiar with the
scales as they progress through the experiment and/or



through comparing their estimates on certain stimuli
with those made to previous stimuli. If the two judgment
scales produce different mindsets, the responses by par-
ticipants who began with the green judgment scale
should differ from the responses by participants who
began with the grey judgment scale, especially in the
first stimulus block they encounter, since this is when
their mindsets became differently activated by the two
judgment scales. This should be the case even if the
effect of different mindsets is not seen in the overall
analysis across all stimuli conditions. However, this
idea was not supported by the results of our control
analysis. In contrast, the control analysis suggests that
the response pattern was similar regardless of which
judgment scale was used first.

Another difference between the current study and
the study by Gorissen et al. (2024) is the stimulus sets,
both regarding the identity of the items (i.e. houses of
different colours corresponding to the environmental
impact of the items versus a burger and an apple with
or without an eco-label) and the quantity of the items
(i.e. several items versus just one or two items). As
argued in the introduction, the negative footprint illu-
sion is often small in magnitude when few to-be-esti-
mated items are used and becomes larger in
magnitude as a function of increasing number of items
(Andersson et al., 2024). A possible explanation of the
absence of an effect with the grey scale in the study
by Gorissen et al. (2024) is, hence, the small stimulus
set size.

In relation to the difference in identity of the stimulus
items, past research suggests that the negative footprint
illusion can be found with different stimulus identities,
such as when estimates of a burger is compared with
estimates of a burger and an organic apple (Gorissen &
Weijters, 2016), when estimates of petrol and hybrid
cars are compared with estimates of petrol cars (Holmg-
ren et al., 2021), when estimates of regular and green
buildings are compared with estimates of regular build-
ings alone (Holmgren et al., 2018), and so forth. Different
stimulus identity between the current study and the
study by Gorissen et al. (2024) seems, therefore, to be
an unlikely explanation of the difference in results.
However, one study failed to find a negative footprint
illusion when estimates of regular apples were com-
pared with estimates of regular apples and organic
apples in combination (Threadgold et al., 2021). One
possibility is that different stimuli trigger different mind-
sets, and this interacts with the judgment scale, which
might explain the difference in results between the
current study and that of Gorissen et al. (2024). Even
though the current study provides evidence against
the assumption that different judgement scales trigger
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different mindsets, mindset seems to play a role in the
negative footprint illusion in other ways. For example,
when a summative mindset is triggered by a priming
technique, the negative footprint illusion is attenuated
(Holmgren et al., 2021). Because of this, a discussion of
the results in relation to this mindset framework might
be informative.

Let us first consider the assumption that the stimulus
sets used here trigger a quantitative mindset. Whilst our
results revealed evidence for a difference in estimates of
green and yellow houses versus yellow houses only (i.e.
the empirical signature of the negative footprint illusion,
if the estimates had concerned the items’ carbon foot-
print) for the green and grey scales, the effect was some-
what more pronounced for the grey (environmentally
damaging scale). This difference between the two
scales was statistically weak and can possibly be attribu-
ted to chance but may still deserve an in-depth discus-
sion within the mindset framework proposed by
Gorissen et al. (2024). One possibility for the more pro-
nounced effect of the grey scale is that the sketched
houses in the study are inherently more quantifiable
with characteristics such as colour, number and their
assigned environmental impact being more easily com-
pared and calculated. For example, participants might
mentally subtract the number of green houses from
yellow ones to estimate a lower overall impact in line
with “zero-sum game” reasoning (cf. Rozycka-Tran
et al, 2015) whereby participants believe the total
environmental damage to be fixed such that if one
aspect increases (e.g. adding eco-friendly houses) so
too must another aspect (e.g. the carbon footprint of
the conventional houses) decrease by an equivalent
amount. On this line of reasoning the stimuli set (apple
and burger) deployed by Gorissen et al. (2024) does
not lend itself so easily to such quantitative reasoning
because it involves just one apple and one burger
without explicit quantities, apart from the apple’s bio-
label. The difficulty in comparing these dissimilar items
might thereby promote adoption of a more evaluative
and qualitative mindset than a quantitative one. On
this view, the greater as opposed to lesser effect with
the grey scale found here might be attributed to a
mindset explanation similar to the one proposed by Gor-
issen et al. (2024). Yet, this line of thought—suggesting a
larger negative footprint illusion when participants
approach the task with a quantitative mindset—is incon-
sistent with Gorissen et al.'s (2024) suggestion that the
negative footprint illusion should rather be smaller
with a quantitative mindset. Furthermore, the idea that
a mindset focused on numerical processing and calcu-
lation should produce a larger rather than smaller nega-
tive footprint illusion is also at odds with previous
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research suggesting the opposite (Holmgren et al., 2021;
Sorqvist & Holmgren, 2022). In relation to comparing the
magnitude of effect across the two scales, it should also
be noted that the Bayes Factor favoured the null hypoth-
esis at odds with the frequentist statistic and as such a
theoretical interpretation of this result is only treated
tentatively.

Let us instead consider the possibility that the stimuli
used here trigger a more qualitative mindset rather than
a quantitative mindset. The variety engendered through
using multiple objects with varying carbon footprints
(arguably a complex stimuli) in our study could favour
the adoption of a qualitative mindset, irrespective of
the judgment scale type. In contrast, the study by Goris-
sen et al. (2024), which utilised only two items without
explicit visual cues communicating their environmental
impact, may have fostered a clear-cut qualitative
mindset only when a green scale was employed. If the
stimulus sets used here triggers a qualitative mindset
regardless of scale type, but the stimulus sets used by
Gorissen et al. (2024) only triggers a qualitative
mindset with a green scale, this could explain the
different pattern of results across the two studies.

A key consideration in future research will thus be the
nature of stimuli—whether they are easily quantifiable
and comparable—which can modulate the cognitive
processes responsible for computing environmental
impact, and possibly interact with the type of judgment
scale. The distinction between the types of stimuli
(similar and quantifiable versus dissimilar and qualitat-
ive) could be an important factor in understanding
how the negative footprint illusion manifests in
different contexts. However, the emergence of a nega-
tive footprint illusion with the deployment of a quanti-
tative/objective response scale (e.g. kilograms of CO;
Sorqvist & Holmgren, 2022) as well as a qualitative/sub-
jective response scale (e.g. carbon footprint estimates;
Gorissen & Weijters, 2016) suggests the effect may not
be strictly dependent on the adoption of qualitative
reasoning or a qualitative mindset.

While judgment scale could possibly interact with
stimulus characteristics to produce different magnitudes
of the negative footprint illusion, we propose in contrast
to Gorissen et al. (2024) that the magnitude of the nega-
tive footprint illusion is not highly dependent on the
judgment scale, and the reason for this is attribute sub-
stitution (Kahneman & Frederick, 2001). There is a clear
resemblance between the pattern of results obtained
with the two judgment scales used here and the judg-
ments of carbon footprint used in the typical negative
footprint illusion paradigm (e.g. Gorissen & Weijters,
2016; Holmgren et al., 2018). This suggests that a
driving force behind the negative footprint illusion is

indeed attribute substitution (Kahneman & Frederick,
2001), whereby participants replace the more difficult
question (“how large is the carbon footprint of these
items?”) that requires them to assign a carbon footprint
value to the objects with the easier question (“how
environmentally bad are these items?”) that requires
them to evaluate the object on a good vs. bad conti-
nuum and assign a value based on that instead (cf.
Holmgren et al., 2018). This assumption also coheres
with the idea that many judgments under uncertainty
are guided by an affect heuristic (Slovic et al., 2007)—
the tendency to base judgments on the perceived posi-
tive (“goodness”) or negative (“badness”) qualities of a
stimulus instead of their quantitative properties, often
at the expense of more analytical information proces-
sing (cf. Evans & Stanovich, 2013a, 2013b).

Attribute substitution could explain why the nega-
tive footprint illusion seems to be driven by an aver-
aging bias (Holmgren et al, 2018)—that is, the
tendency to assign the average carbon footprint
rather than the sum to combination of items. For
example, if the task is to estimate the carbon footprint
of a set comprising high and low carbon footprint
houses, but the participants replace the task with esti-
mating how environmentally bad the items are instead,
then assigning a lower value to the combined set of low
and high carbon footprint houses in comparison with
the high carbon footprint houses alone becomes a
true (normatively accurate) response. As the average
of “environmentally good” and “environmentally bad”
items would correspond to something like “intermedi-
ate environmental impact”, this response can in this cir-
cumstance be seen as a true response. When
participants adopt this interpretation, they can be
thought of as providing a normative response to a
problem that is different from what was intended in
the study (Toplak, 2021). Indeed, the averaging bias
can also explain related phenomena seen in studies
on environmental impact estimates such as the quan-
tity insensitivity effect (Kim & Schuldt, 2018; Kusch &
Fiebelkorn, 2019). For example, environmental impact
estimates of a set comprising two low-carbon footprint
items (two hybrid cars) are no different from estimates
of one low-carbon footprint item (one hybrid car) (Kim
& Schuldt, 2018). This quantity insensitivity effect can
be perfectly explained by the averaging bias account,
as the average of two identical items is the same as
the average of one item alone.

Yet, attribute substitution (and the averaging bias)
seems not to offer a full explanation of the mechanisms
driving the negative footprint illusion. For instance, attri-
bute substitution by itself can hardly explain why stimulus
distribution across the visual field influences the



magnitude of the effect (Sorqvist et al., 2022). An irregular
stimulus distribution of the low carbon footprint items
might increase the perceived environmental friendliness
of the items, but it is unclear why the irregular distribution
of the high carbon footprint items—following the same
line of thought—does not compensate for this by increas-
ing the perceived environmental unfriendliness of these
items. Likewise, attribute substitution cannot explain
why larger sets receive smaller carbon footprint estimates
than smaller sets, even when the ratio between high
carbon footprint and low carbon footprint items in the
sets are held constant (Andersson et al, 2024). Larger
sets of low carbon footprint items could increase the per-
ceived environmental friendliness of the set, thereby
leading to a lower carbon footprint estimate for these
sets, but it is unclear why this would not be contradicted
by the corresponding increase in the number of high
carbon footprint items. One possibility is that there is a
positivity bias involved, wherein more weight is assigned
to the environmentally friendly than to the environmen-
tally unfriendly items during the judgment formation
process. When an irregular distribution makes the stimu-
lus sets become perceived as larger, or when objects in
the stimulus sets increase in number, this could interact
with a positivity bias to produce a larger negative foot-
print illusion. This might be worthwhile exploring in
future studies.

In conclusion, attribute substitution and the concep-
tual problems raised in the introduction section above
stress the importance of a careful consideration of
whether the selected response scale measures the
negative footprint illusion, or whether it measures
something else. In other words, if participants are not
asked to estimate the carbon footprint of the items
(or at least something related to the items’ carbon foot-
print, e.g. CO, emissions or the number of trees needed
to compensate for emissions), but instead how environ-
mentally friendly the items are, is the negative footprint
illusion then actually studied? In any case, participants’
response pattern is highly similar when requested to
evaluate the items’ environmental friendliness or how
environmentally damaging the items are. The current
study shows that using a grey judgment scale does
not attenuate the effect, which is consistent with a
large body of past research (Sérqvist & Holmgren,
2022), and speaks against the policy implications of
Gorissen et al.s (2024) study. The negative footprint
illusion appears to be relatively insensitive to the type
of response scale used, but it is influenced by stimulus
characteristics that may interact with what participants
are asked to evaluate. Future studies on the negative
footprint illusion could explore those interactions in
more detail.
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