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Abstract

Background: Knowing how consumers understand energy
labels is important for predicting behaviour and interpreta-
tions of environmental impact.

Aims: The present study evaluates how different visual cues
in the design of EU energy labels help consumers under-
stand the energy scale.

Method: In two preregistered behavioural experiments,
internet-based samples of participants from the UK general
population completed rating tasks. Two key types of energy
label designs were evaluated. One type of energy label, the
class arrow, highlights a colour-coded letter that represents
one of seven levels in the energy scale. The other type of en-
ergy label, the full scale display, shows a spatial layout where
all seven colour-coded letters are arranged.

Results: A scale that contains multiple ‘A’ and ‘A+ letter
symbols implied a skewed scale structure, leading to biased
overestimations. This skewness effect was found with the
class arrow, indicating that this label type is understood based
on its highlighted letter. However, with the full scale display,
these skewed letters were overshadowed by the linear spatial
layout which implied equidistance within the energy scale.
This mitigated cognitive bias as a skewed cue was overshad-
owed by a linear cue. Colour coding was an additional visual
cue in energy labels that had no measurable effect on ratings
in the presence of more dominant visual cues (letters and
spatial layout).

Discussion and Conclusion: Results indicate how cues
compete for visual attention when energy labels are evaluated.
We propose two design conditions that support a linear un-
derstanding of graded eco-label scales: Cue linearity and cue
dominance.
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Statement of Contribution

What is already known on this subject?

* Consumers sometimes evaluate eco-labels differently depending on visual design.
* Colours and symbols provide context that helps consumers understand graded eco-label scales.
* Cognitive bias can emerge when symbols (e.g. A+ and A++) imply a skewed scale structure.

What does this study add?

* Design features compete for attention, and some cues had the capacity to overshadow other cues.
¢ Cognitive bias was mitigated when skewed symbols were overshadowed by a linear spatial layout.
* Two design conditions support a linear understanding of scales: Cue linearity and cue dominance.

INTRODUCTION

Energy efficiency in electronic appliances is key to the European Union's (EU) energy strategy (Gonzalez-
Torres et al., 2023), and the energy labelling system has had a major positive influence on energy-saving
among both consumers and producers (Ecodesign Impact Accounting Overview Report, 2024; Schleich
et al.,, 2021). Energy labels are a type of eco-label designed to provide consumers with a simple and intuitive
representation of energy efficiency, and they help consumers make energy-saving choices within Europe
(Andor et al., 2020; Sammer & Wiistenhagen, 2006; Skourtos et al., 2021; Stadelmann & Schubert, 2018;
Thogersen, 2002) and around the world (Andika et al., 2025; Asif et al., 2023; Basiru et al., 2024; Davis &
Metcalf, 2016; Durmus Senyapar et al., 2024; Elmor et al., 2024; Kuhn et al., 2022; Newell & Siikamiki, 2014;
Wang et al., 2019). Eco-labels afford complexity reduction of environmental information that helps consum-
ers better understand otherwise challenging and unfamiliar quantitative concepts, such as carbon footprint
(e.g. kilograms of CO, emissions) or energy demand (kWh per year). When appliances are perceived as en-
vironmentally friendly or energy efficient, willingness to pay and demand increases (Beck & Toulouse, 2023;
Faure et al., 2021; Majer et al., 2022; Pichierri & Pino, 2023). Labelling policy is likely to become more effec-
tive with better knowledge of how consumers understand and use labels to form attitudes towards energy
efficiency, sustainability, carbon footprint or the environmental friendliness of products.

Studies on how energy labels are perceived, judged and used aim to better understand how people
engage with them as an informational source (Horne, 2009; Taufique et al., 2019). Thogersen et al. (2024)
evaluated how different types of eco-labels guide consumers towards more sustainable choices, finding
that graded labels which provide a scale that represents multiple levels of impact (e.g. A, B, C, D, E,
I and G) can be more effective than binary labels that only display the presence of an environmental
certification, such as ‘organic’ or ‘energy star’. The EU energy scale is an example of a graded scale, as it
contains seven levels of energy efficiency, represented by colour-coded letters. “Traffic light” colour cod-
ing can be an effective way of representing an energy scale (Bengart & Vogt, 2023; Grankvist et al., 2004;
Holenweger et al., 2023; Thogersen & Nielsen, 2016), and this green-to-red spectrum is intuitive for
most Western observers. The colour green is associated with environmental friendliness (Donato &
Adigtizel, 2024; Pancer et al., 2017; Pichierri & Pino, 2023; Seo & Scammon, 2017; Sucapane et al., 2021)
and is often used to represent the top of many different graded eco-label scales (Brand et al., 2020), as it is
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in EU energy labels. Yet, colour coding appears to be a relatively weak cue, as it has no measurable effect
when consumers interpret one type of EU energy label design that emphasizes both a salient colour and
a salient letter (Skog & Sérqvist, 20206). In this ‘class arrow’ label type, the letter in the energy label, for
example ‘B’, is a more dominant visual cue that tends to make the presence of colour unimportant. Here,
the letters appear to overshadow the colour when the labels are interpreted. The present study is situated
within this debate on how eco-labels are understood based on their visual design characteristics, with a
specific focus on visual attention and cue competition in energy label design.

The EU energy scale is made up of seven colour-coded letters. Central to the present investigation is that
there are two primary types of energy label designs that are used to represent this energy scale on the mar-
ket. The present study focuses on how these two designs might afford different interpretations of the same
energy scale. The first type of energy label is the ‘class arrow’ (Figure 1), which is often seen together with
retail electronic appliances. The class arrow emphasizes an appliance's energy class, defined by its letter and
colour, with a small ‘range arrow’ that shows the range of letters in the scale. The second type of energy label
is a “full scale display’ (Figure 1), which is often seen together with retail white goods or buildings. This energy
label type does not only show the singular energy class of the appliance but also display the full energy scale
simultaneously through a spatially arranged vertical stack of colour-coded energy classes. We expect European
readers to be familiar with both the ‘class arrow’ and the “full scale display’ types of energy labels. While both
label types represent the same scale of seven energy classes, they may be interpreted differently given their
palpable differences in design characteristics (Figure 1). The present study investigates how these two types
of energy labels shape consumers' understanding of the energy scale. Advancing knowledge on this topic can
reveal design conditions to control and mitigate biases and misperceptions with energy labels.

Interpretations based on letters
In a study on class arrow energy labels, Skog and Sérqvist (2026) showed that the letters in the scale are

a dominant label feature that people rely on more than other features (e.g. colour-coding) when judging
perceived environmental friendliness. While the letters are an important cue, they have been subject to

Class arrow Full scale display

New scale letters B

Attt
At A+
WA
Old scale letters A\ 6

FIGURE 1 Energy labels based on the between-participants conditions of Experiment 1, with a design of 2% 2 (Energy
label type X Scale letters). The energy label scale contains seven energy classes, and the illustrated example is the second
energy class in the scale.
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debate and changes over the years. For much of the past few decades, the EU energy scale was repre-
sented by the letter symbols A+++, A++, A+, A, B, C and D (Figure 1, bottom row). We call this the o/
scale, and it can produce undesirable consequences. These letters can be difficult to discriminate (Heinzle &
Wiistenhagen, 2012) which can cause an inflated, biased and skewed understanding of environmental impact
(Skog & Sorqvist, 2026; Stasiuk & Maison, 2022). This skewness effect—with its empirical signature of a
smaller perceived difference between the four ‘A’-classes and a larger perceived difference between the other
energy classes—is a key target in the present study. The skewness effect represents an instance where the
design of a graded label introduces cognitive bias, that is, skewed misperceptions of environmental impact.

In 2021, the EU decided to rescale the letters, switching to a new scale with letters A, B, C, D, E, Fand G
(Figure 1, top row). The new scale tends to stimulate a more linear understanding (Skog & Sérqvist, 2020).
The old scale is being gradually replaced by the new scale, but it is still present on the market. The EU's
new and old energy label scales are real-world examples where effects differ depending on design. The
present study investigates whether the effects of the two letter scales can be modulated by which energy
label type (class arrow vs. full scale display; Figure 1) is used to represent the scale.

To understand how energy efficient a ‘B’-labelled appliance is, it seems necessary to understand
whether it belongs to a scale that spans letters A, B, C, D, E, IF and G (new scale) or letters A+++,
A++, A+, A, B, Cand D (old scale). In the new scale, ‘B’ represents the second best level of energy ef-
ficiency, but in the old scale, ‘B’ only represents the fifth best level of energy efficiency. This speaks to
the importance of contextualizing the information, and several psychological theories can help explain
the mechanisms that people use to understand what a ‘B> means. According to the range principle in the
influential range-frequency theory, people understand a stimulus in relation to the full range of stimuli
(Parducci, 1965, 1968). Knowing the scale's range provides a powerful contextual cue that can help people
mentally organize an item in relation to its scale (Birnbaum & Rouvere, 2023; Choplin & Hummel, 2002;
Parducci, 1965, 1968; Skog et al., 2025; Skog & Sérqvist, 2025; Wedell, 1996; Wedell et al., 2020). A sim-
ilar context effect is provided by anchoring, where evaluations are adjusted based on a reference point
(Furnham & Boo, 2011; Joireman et al., 2010; Tversky & Kahneman, 1974). However, how does one gain
knowledge of the range of the scale or of anchoring reference points? People are familiar with letters, and
they can be intuitively organized based on the alphabet. Consistent with the representativeness heuristic
(Tversky & Kahneman, 1974), people may interpret the start of the alphabet (‘A’) as representing some-
thing ‘high’ or ‘good’. This ‘alphabet heuristic’ creates an anchoring reference point that represents the
upper range of the scale. Then, a ‘B’ is likely to be seen as something that is almost at the top of the scale,
and the observer is now able to contextualize and make sense of the symbol. In addition, experience helps
us learn about the scale. If people are exposed to multiple examples of energy labels in sequence, they can
organize an understanding of the scale through self-consistency in responses while keeping track of how
each label relates to the observed range of available labels within the scale (Haubensak, 1992).

The suggestion that people use an alphabet heuristic to anchor their judgements to the top of the al-
phabet has consequences for how the old scale of letters (A+++, A++, A+, A, B, C and D) and the new
scale of letters (A, B, C, D, E, F and G) are interpreted (Skog & Sérqvist, 2026). Previous studies have
shown that products are generally seen as more environmentally friendly when labelled with the old scale
(A+++ to D) than with the new scale (A to G) (Stasiuk & Maison, 2022). This inflated, biased and skewed
understanding of the old scale comes from there being four ‘A-rated’ classes in the old scale (A+++, A++,
A+ and A) which are all seen as environmentally friendly (Heinzle & Wiistenhagen, 2012) with only small
differences between them (Skog & Soérqvist, 2026; Sérqvist & Skog, 2026). Under the representativeness
heuristic, all these “A-rated’ classes are seen as representing good energy efficiency as the start of the al-
phabet is assumed to represent the top of the scale. When judgements are organized, the four A-classes
then receive high ratings when contextualized against the assumed scale range (Parducci, 1965, 1968).
Here, the four A-classes are close in mental space as they suffer a high degree of perceived similarity,
making their mental representations less distinct from one another. Consistent with this mental organiza-
tion framework, memory for the ‘A+ classes’ is less accurate and more confused than memory for other
classes, suggesting poor distinctiveness and much compression in mental space (Skog et al., 2026a). In
contrast, the old scale also uses unique letters towards the bottom of the scale (B, C, D) which are mentally
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organized with a larger perceived difference, indicating less compression in mental space. Together, the
compressed part and the less compressed part of the old scale create a skewed organization of the scale in
mental space. Importantly, the new scale (A to G) does not suffer the same skewness problem as the old
scale. The new scale, beginning with ‘A’ and then moving down the alphabet with one unique letter per
energy class, fits the alphabet heuristic better and produces a more linear response function when people
rate the environmental friendliness of class arrow labels (Skog & Sérqvist, 2026). The energy classes in
the new scale are perceived as belonging to a linear interval scale with roughly equal step sizes, indicating
no skewness or compression in the mental representation of the energy scale. Cognitive bias with class
arrow energy labels can thus be mitigated by replacing the old scale of letters with the new. The old and
new scale of letters vary in their mental organization, which has consequences for eco-label cognition and
susceptibility to confusion and bias (Skog et al., 2026a; Sérqvist & Skog, 2026).

Can the spatial layout overshadow the letters?

The present study builds upon this mental organization framework to investigate if the other type of
energy label design has the potential to mitigate this cognitive (skewness) bias. While the class arrows are
primarily understood and organized based on their letters (Skog & Sérqvist, 2026), we expect that the
‘full scale display’ label type may encourage a different strategy for interpretation and mental organiza-
tion. Specifically, we expect that the full scale display will be primarily interpreted based on its spatial
organization rather than its letters. The full scale display shows a spatially arranged vertical stack of all
energy classes in the scale, where linear height may be interpreted as representing interval steps of energy
efficiency (Figure 1). Given that height is linear, and if participants organize their responses based on the
spatial layout more than the letters, then we expect this energy label type to mitigate the skewness effect
found with the old scale (A+++ to D), despite it containing four ‘A-rated’ classes which are all rated high
when class arrows are used. This is our main hypothesis (H1): a scale with letters A+++ to D should be
perceived as skewed when represented by the class arrow type of energy label, but less skewed when rep-
resented by the full scale display. The basis of this hypothesis is that the spatial layout will overshadow the
letters, in cue competition for visual attention. Then, while the letter ‘A’ is often seen to represent very
good energy efficiency, this interpretation may be overshadowed by a strong and conflicting visual cue
that stresses that ‘A’ is only the middle of the scale (A+++, A++, A+, A, B, C, D).

No previous study on eco-labels has shown that spatial layout can be a more dominant visual cue than
letters. The hypothesis was motivated by theory on visual attention and supported by pilot evaluations
among the authors where the visible spatial layout seemed like it might be a more competitive visual cue
compared to the letters, when the full scale is displayed. We encourage the reader to look at Figure 1 and
decide for themselves. Of course, with the full scale display, the letters are still highly salient. But we sus-
pected that the old scale of letters (A+++ to D) would run into conflict with the spatial cue because seeing
the ‘A’ so explicitly belonging in the middle of the scale should break any assumption that the scale begins
with the alphabet (Figure 1). Thus, the main hypothesis is framed as a prediction that the two energy label
types will be organized based on different contexts, following the availability of a more competitive visual
cue (spatial layout). In the case of the class arrow type of energy label, we expected participants to orga-
nize their judgements based on the letters, with a top-down assumption that the beginning of the alphabet
approximates the top of the scale (Skog & Sorqvist, 2026). But in the case of the full scale display type of
energy label, we expected participants to organize their judgements based on the spatial layout, more so
than the letters. This prediction is grounded in theory on visual attention and cue competition (Desimone
& Duncan, 1995), as the spatial cue is a salient and available bottom-up feature of the stimulus display
which situates energy classes within a spatially organized image area. This provides an excellent contextual
cue that clearly represents the top and bottom of the scale and how energy classes fit within the scale
(Figure 1). Such context is instrumental to the organization of judgements (Parducci, 1965, 1968). Here, a
‘B’ in the old scale of letters (A+++ to D) should not appear to represent anything close to the top of the
scale since it is cleatly located in the lower middle of the spatial layout (see Figure 1).
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Notable theory on visual attention and cue competition, such as biased competition theory (Beck &
Kastner, 2009; Desimone & Duncan, 1995), predicts that if two cues are available at the same time, the
physically stronger cue may overshadow the other and receive more attention. The spatial layout should
be a physically stronger cue than the letters because the spatial ordering explicitly reveals that the top of
the alphabet (‘A’) does not correspond to the top of the scale, violating the alphabet heuristic. In addition,
the alphabet heuristic is itself not a bottom-up feature in the stimulus, but merely a top-down assumption
that may be applied as an organizational principle. From a perspective of visual attention, a readily avail-
able and salient bottom-up cue appears likely to overshadow such a top-down strategy (Theeuwes, 2018).
Ignoring the spatial layout would require an observer to treat it as a distractor, so that an ‘A’ may be seen
as ‘high’ even if it is visibly in the middle of the scale. However, it is difficult to ignore a salient signal
that is relevant to the task, as it provides a strong cue that matches goal-oriented attention (Desimone
& Duncan, 1995; Theeuwes, 2023). Attention is likely to favour lower processing costs, and the spatial
cue should be utilized because it is a salient cue that helps achieve the task objective of evaluating the
label. This also fits the heuristics framework as consumers may prioritize thinking fast over thinking slow
(Kahneman, 2011; Tversky & Kahneman, 1974). That is, spontaneous attention will favour the organiza-
tion implied by the salient bottom-up cue compared to an alternative, more complicated process where
the bottom-up cue must be ignored in favour of a top-down strategy for organization based on the letters'
relationship to the alphabet. Against this theoretical background, the letter ‘A’ appears to represent very
good energy efficiency until there is a salient visual cue that stresses that ‘A’ is only the middle of the scale.

The main hypothesis (H1) can thus be construed as a prediction that the bottom-up cue (organization
based on the spatial layout) will overshadow the top-down cue (letter organization based on the alpha-
bet heuristic). The skewness effect seen with the old scale of letters (A+++ to D) should therefore be
attenuated if the letter cue is overshadowed by the spatial cue. The empirical signature of this effect (H1)
should be that class arrows produce the skewed response function with the old scale, as judgements of
class arrows are organized based on the letters, but the full scale display should produce a more linear
response function as the skewed letters are overshadowed by organization based on linear spatial layout.
This hypothesis can be rejected if the data should indicate that both types of energy labels produce com-
parable skewness effects, as the top-down cue (skewed letters) has then overshadowed the bottom-up cue
(linear spatial organization). While top-down cues can bias selection (Beck & Kastner, 2009; Desimone
& Duncan, 1995), this outcome seems unlikely when energy labels are judged spontaneously, given the
expected strength of the spatial cue and its relevance to the task. The main hypothesis (H1) therefore
favours the prediction that spontaneous attention will be prioritized towards the salient bottom-up spatial
organization over the letter organization (based on the alphabet heuristic).

In addition to the main hypothesis, we introduce two ancillary hypotheses that fit the same theoretical
rationale and make predictions on the effects of other visual cues in the energy labels. Our second hy-
pothesis (H2) predicts that, when the new scale of letters (A to G) is shown, there will be no skewness in
the response functions with either energy label type. H2 is partly supported by previous evidence that the
new scale does not produce a skewness effect with class arrows (cf. Skog & Sérqvist, 2026). In addition
to this, we expect no skewness with the full scale display, as participants are expected to organize their
judgements based on the linear representation of height in the spatially arranged energy scale. Two linear
cues—height and letters that begin with the alphabet—offer no conflict, and both types of energy labels
should stimulate linear response functions across the energy classes A, B, C, D, E, IF and G.

Our third hypothesis (H3) predicts that colour coding within the labels does not explain the effect pre-
dicted by H1. A second experiment was conducted to test H3. It served to evaluate whether the effects of
the full scale display (seen in Experiment 1) could be partially attributed to the showing of the full range
of ‘traffic light’ colours. Colour coding with a ‘traffic light” spectrum is theoretically a linear cue, where
people may intuitively associate green as representing the top of the scale, with yellow in the middle and
red as the bottom of the scale. If the effect predicted by H1 is the same under both conditions of colour
coding and when energy labels are presented in strictly black and white, then this would indicate that the
effects of the full scale display are not attributable to the displayed colour scheme but rather the spatial
layout of the scale. Skog and Sérqvist (2026) showed that colour coding has no measurable effect on
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how the old and new scale letters are perceived with EU class arrows, indicating overshadowing where
the letters are a stronger cue than the colours. In turn, since H1 predicts that the spatial layout will be a
stronger organizational cue than the letters, H3 logically follows that any effect of colour should also be
overshadowed by the spatial cue.

METHOD

We begin with a joint declaration of the methods of two experiments, as Experiment 1 and 2 shared a
high degree of methodological similarity. Both experiments used the same task and procedure, but their
design varied as the two experiments used different energy labels as stimulus material. Experiment 1 ma-
nipulated the presentation of energy label types and letter scales to test the main hypothesis (H1: a scale
with letters A+++ to D is perceived as skewed when represented by the class arrow type of energy label,
but less skewed when represented by the full scale display) and the second hypothesis (H2: a scale with let-
ters A to G produces no skewness in the response functions with either energy label type). Experiment 2
evaluated whether the observed effects of the first experiment (H1) could be partially explained by colour
coding (H3), in a test that used both colour-coded and black and white energy labels. Both experiments
wete preregistered, and the study's data are publicly available, via the Open Science Framework (https://
doi.org/10.17605/OSF.IO/TGWEFA).

Participants

Participants were recruited via Prolific (www.prolific.com) in this internet-based study. All partici-
pants were adult native English speakers who resided in the United Kingdom, who reported no
colour-blindness and normal or corrected-to-normal vision. The sample size for Experiment 1 was
determined with an a-priori power analysis in G¥*Power (FFaul et al., 2007). We assumed that a medium
effect size would be sufficient to detect the hypothesized difference in how label types may moderate
the skewness of the response function with the old scale of letters. As the skewness effect tends to be
largest for the middle (“A’) energy class, we based the preregistered power analysis on a contrast for
this energy class. We assumed a generic effect size of ‘medium’ (¢/=.5) as we had no prior evidence
on the hypothesized difference between label types (class arrow vs. full scale display). Our goal was
to obtain .80 power (two-tailed) to detect a medium effect size of Cohen's d=.5 at the standard .05
alpha error probability. This power analysis estimated the required sample size to N= 64 in each label
type condition (old scale). Since the new scale was another experimental factor, we matched the cell
sizes in its two label type conditions, such that there were N =064 in each of the four experimental
groups. We thus collected and analysed data from 256 participants (146 female, 110 male, Mean
age=406.3years, SD=13.2) in Experiment 1. This sample was larger than what may otherwise be esti-
mated for an omnibus mixed analysis of variance. One benefit of a conservative sampling plan is that
rating response functions should be more stable, with the potential to more reliably characterize the
effects of the conditions. Three other participants were recruited, but their data were replaced as they
fulfilled at least one of our preregistered exclusion criteria, for example, mistaking the implied direc-
tion of energy efficiency, as seen with inverse responses in relation to the energy labels. The relatively
few participants who were excluded had been assigned to different conditions, and a control analysis
found that results were unchanged by their inclusion or exclusion from the dataset. The study was
conducted in accordance with the Declaration of Helsinki and was reviewed by the Swedish Research
Ethics Authority (Dnr 2026-01332-01). Participants were compensated with £.60 for a total study
time of around 4 min.

Participants in Experiment 2 were treated with the same procedure. For Experiment 2, we recruited 256
participants who had not participated in Experiment 1 (152 female, 104 male, Mean age=42.7 years, SD=14).
Nine other participants were recruited, but their data were replaced as they fulfilled at least one of our
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preregistered exclusion criteria, for example, giving only the same rating response to all energy classes. A con-
trol analysis found that the outcomes were unchanged by the exclusion of these participants from the dataset.
We matched the previous experiment's sample size of N=04 in each between-participants condition. This is
powered to detect a possible effect of colour coding at #=.352 when considering the full design (IN=256). Or,
when analysing only one energy label type (IN=128), it is powered to detect an effect of colour coding at 4= 5.

Materials

The experiment was created using PsychoPy (version 2026.1.1, Peirce et al., 2019) and ran online with
Pavlovia. Participants accessed the experiment via a hyperlink on Prolific. The experiment ran in the partici-
pants' browser on their own desktop computers, and a mouse and keyboard were required for participation.

The stimulus material presented on each trial was an ‘appliance-label pait’, consisting of an image of an
oven paired with an energy label. Each group of participants encountered seven ovens and seven energy
labels. The pairing of the ovens and labels was random, and a new random pairing was implemented for
every participant. Seven PNG images of ovens were created with the assistance of a web-based artificial
intelligence service. The ovens were similar in appearance; all had a steel-coloured exterior, a dark glass
window on the door and a black electric stove top. All ovens were shown in ‘canonical’ viewpoints, gen-
erally seen from the front with visible tops. See Appendix A: Figure A1 for the seven oven images.

Energy labels were of two types, as shown in Figure 1. One label type was the ‘class arrow’ type,
made available by the EU in PNG format on the file exchange tool CIRCABC. The class arrow dis-
plays one energy class's letter but also shows the range of letters with the ‘range arrow’ (small arrow
within the label illustrating lowest to highest class; Figure 1). The other label type was a ‘full scale
display’ which shows all classes in the scale simultaneously in a spatial layout. The full scale display
labels were created by an author in Microsoft PowerPoint and followed design regulations. To suit our
experimental manipulations, we created versions with colour coding and versions in strictly black and
white. We also used two letter scales, representing the new and old eco-design scales. The new scale
had letters A to G (energy classes A, B, C, D, E, F and G), and the old scale had letters A+++to D (en-
ergy classes A+++, A++, A+, A, B, Cand D). The full set of labels is shown in Appendix A: Figure Al.

The stimulus size was standardized based on each participant's monitot's height. Oven images occu-
pied a square 40% of the participant's monitor's height, shown in the centre of the screen. An energy label
was shown to the immediate right of it. The two energy label types were of different sizes, and the image
proportions are preserved in Figure 1. Class arrows were smaller than the full scale display, reflecting
typical energy label presentation. Class arrow images occupied 10% of the monitot's height with an aspect
ratio of 5:3. Full scale display images occupied 31.45% of the monitor's height with a width the same as
an oven image. The rest of the screen had a mid-grey background.

Design

Both Experiment 1 and 2 were repeated measures, mixed factorial designs. The design of Experiment 1
was 2 (Energy label type: class arrow, full scale display [between-participants factor]) X 2 (Scale letters: new
scale [A to GJ, old scale [A+++ to D] [between-participants factor]) X7 (Energy class: 1st, 2nd, 3rd, 4th,
5th, 6th, 7th [within-participants factor]). The energy label type factor determined what type of energy
label participants saw. Half of all participants saw the class arrow, and the other half saw the full scale
display (Figure 1). Participants were randomly assigned into groups that made up the between-participants
conditions, and participants were not told which group they had been assigned to or that there were other
groups. The Scale letters factor determined which letters were used in a scale. Half of all participants saw
the new scale, with letters A, B, C, D, E, F and G, and the other half saw the old scale, with letters A+++,
A++, A+, A, B, C and D (Figure 1). All participants encountered seven energy classes, and this energy
class factor was the only within-participants factor.
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The general design of Experiment 2 was similar to the first experiment, but it used a different set of
energy labels where colour coding was manipulated, and all energy labels were based on the old scale of
letters (A+++ to D). The design of Experiment 2 was 2 (energy label type: class arrow, full scale display
[between-participants factor]) X 2 (Colour-coding: traffic light, black and white [between-participants fac-
tor]) X7 (Energy class: 1st, 2nd, 3rd, 4th, 5th, 6th, 7th [within-participants factor]). The colour-coding
factor determined whether the energy labels were shown in the typical ‘traffic light’ colour coding, with a
green-to-red spectrum with yellow in the middle, or whether the energy labels were shown in strictly black
and white. Figure 2 represents the design of the energy labels in Experiment 2.

Procedure

The study was advertised on Prolific as a study on ‘Environmental impact and household appliances’.
Participants provided informed consent by button press before starting. Upon beginning the experiment,
participants encountered instructions on the experimental task. Here, participants were told that they
would rate the environmental impact of ovens. Participants were told that, while the ovens have similar
appearances, they are different in their energy efficiency. Each oven would have an energy label that in-
dicates how energy efficient the oven is. Here, participants were told that the most efficient energy rating
is At++ (or A, depending on scale letter condition), shown in green colour, and that the least efficient
energy rating is D (or G, depending on scale letter condition), shown in red colour.

Once past this initial instruction screen, participants were told to be prepared to rate the environmental
friendliness of the ovens. The experiments used three sequential rating tasks; all related to energy demand
and environmental impact. Fach rating task contained seven trials representing the seven energy labels
in a given condition. The seven appliance—label pairs were the same pairs across all three tasks, but these
stimuli were presented in different random orders in the three tasks. The three rating tasks asked partic-
ipants to rate the: (1) environmental friendliness, (2) energy efficiency and (3) sustainability of the ovens,
for a total of 21 rating trials. Participants were not forewarned about how many trials they would complete
or that there were multiple rating tasks. We did not randomise the orders of the three rating tasks because
we considered ratings of environmental friendliness to best match with previous studies, and we therefore

Class arrow Full scale display
A+ At
"Traffic light A A
color-coding D
A
-
Black and white A ! (A >

FIGURE 2 Energy labels based on the between-participants conditions of Experiment 2, with a design of 2% 2 (Energy
label type % Colour-coding).
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wanted this to be the first measure. The dependent variable was the rating responses, and we constructed
a composite index representing the average of the three rating tasks. The composite index is used as the
primary dependent variable, and the outcomes of the three individual rating tasks (for Experiment 1) are
shown in Appendix B: Figure B1. Each trial started with a pause screen with text prompting participants
to be prepared to rate the following oven along the current rating task's response scale. Another pause
screen was used when rating tasks changed, with instructions to rate the ovens according to: (1) environ-
mental friendliness, (2) energy efficiency and (3) sustainability.

Below the stimulus images was a clickable rating response scale which had 11 response options. The
first (leftmost) scale response option read: ‘Not environmentally friendly’, ‘Not energy efficient’ or ‘Not
sustainable’, depending on rating task. The 11th (rightmost) scale response option read: “Very environ-
mentally friendly’, “Very energy efficient’ or “Very sustainable’, depending on rating task. Stimuli were
shown until a rating response was given. Upon responding to all 21 rating trials, participants were de-
briefed on the study's aims then taken back to Prolific.

Open science, preregistration and data availability

The present article declares two preregistered experiments whose datasets and preregistrations are
publicly available via the Open Science Framework (https://doi.org/10.17605/OSF.I0/TGWFA).
We declare preregistered hypotheses, materials, designs and procedures, analyses, sample size esti-
mates and statistical analysis procedures. Statistical analyses were conducted using Jamovi (version
2.3.28.0). Appendix A: Figure Al provides a full declaration of the stimulus materials (ovens and
labels) used in the present study. Appendix B: Figure B1 provides a full visualization of all rating
responses observed in Experiment 1. Key results are visualized in the article and declared numerically
in Appendix C.

RESULTS AND DISCUSSION

We analysed rating responses from the three rating tasks using a composite index that represents their
average as the dependent variable. Rating outcomes were highly similar in all three rating tasks, and the
full data from each rating task in Experiment 1 are shown in Appendix B, Figure B1.

Results of Experiment 1

The results of Experiment 1 are visualized in Figure 3. Numeric representations of these data are provided
in Appendix C, Table C1. To formally analyse how the experimental factors influenced ratings, we used
a repeated measures 2 (Energy label type: class arrow, full scale display) X 2 (Scale letters: new scale [A to
G, old scale [A+++ to D]) X7 (Energy class: 1st, 2nd, 3rd, 4th, 5th, 6th, 7th) mixed analysis of variance
(ANOVA) that was adjusted with a Greenhouse—Geisser correction. All effects and interactions were
significant at p=.001 or smaller, indicating that all the experimental factors influenced judgements, and
they interacted with each other.

The main effect of energy class, I(2.6, 654.9)=3363.84, p<.001, ;7;:.930, shows a basic finding that
participants understood that the seven energy classes conveyed different levels of energy efficiency. The
main effect of scale letters, I(1, 252)=143.4, p<.001, 11;:.363, shows that the old scale was rated higher
than the new scale, consistent with previous studies (Stasiuk & Maison, 2022). This effect was further
qualified by a two-way interaction between energy class X scale letters, F(2.6, 654.9)=53.21, p<.001,
which revealed the expected skewness effect where the old scale (A+++ to D) produced a skewed re-
sponse function and the new scale (A to G) produced a more linear response function, consistent with
previous studies (Skog & Sorqvist, 2020).
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1 Class arrow Full scale display
10 A
9 4
8 4
w 71
g
5 61
©
& 5]
4 4
3 4
2 —$— Old scale letters
New scale letters
1 1t ond  31d gth  sth gth  gth 1t  ond  3d  gth sth gth  qth
Energy class Energy class

FIGURE 3 Results of Experiment 1. The dependent variable ‘ratings’ reflects a composite index; the average responses
to the three rating tasks (environmental friendliness, energy efficiency and sustainability). These data points are also expressed
numerically in Appendix C, Table C1. Error bars show the standard errors of the means.

Importantly, as Figure 3 shows, this skewness effect was found with the class arrow label type (panel A
in Figure 3), and much less so with the full scale display label type (panel B in Figure 3). The main effect of
label type, F(1, 252)=27.1, p<.001, 11;:.097, shows that the full scale display was rated lower than the class
arrows. This effect was further qualified by a two-way interaction between label type X scale letters, F{(1,
252)=47.4, p<.001, 11;:.158, which revealed that label type modulated ratings for the old scale, while the
new scale appeared largely unaffected by label type (Figure 3). There was also an interaction between energy
class % label type, F(2.6, 654.9)=5.65, p=.001, nﬁZ.OZZ. In support of our main hypothesis (H1), there was
a three-way interaction between all factors, (2.6, 654.9)=14.45, p<.001, p:'054’ which revealed that the
skewness effect of the old scale was mitigated, thus producing a more linear response function, when en-
ergy efficiency was represented with the full scale display compared to the class arrows (Figure 3). Thus, a
skewness bias found with class arrows can be mitigated with a full scale presentation format, complement-
ing previous research that has shown that this bias can be mitigated with the new scale of letters (Skog &
Sorquist, 2026). For class arrows, the letter ‘A’ appears to represent very good energy efficiency, as explained
by the alphabet heuristic. However, the letters appear to be overshadowed by a spatial layout that stresses
that ‘A’ is only the middle of the scale. We return to discuss this in more detail in the General discussion.

The results also reveal that the letters mattered, as the new scale (A to G) did not produce the skewed
response function with either the class arrows or the full scale display (Figure 3), in support of H2. This con-
clusion was supported by a complementary and targeted analysis of only the new scale condition that found
no interaction between energy label type X energy class, F(2.29, 288.87)=1.27, p=.284, 11]7;:.010, indicating
that the new scale was approximately understood as a linear interval scale with both energy label types.

While the full scale display made the response function of the old scale less skewed (Figure 3), it was
not made exactly the same as the new scale's response function, as revealed by a significant interaction
between energy class X scale letters, F(2.1, 264.79)=5.26, p=.005, r/;: .040, targeting the full scale display
condition (Figure 3b). The difference across the letter scales maximizes at the intermediate energy classes,
where the new scale contains a yellow-coloured ‘D’ class, and the old scale contains a yellow-coloured ‘A’
class. A Mann—Whitney U-test found that these classes significantly differed in ratings of the full scale
display condition (4th energy class in Figure 3b), with a mean difference of .974 on the 11-point response
scale (95% confidence interval, .64—1.31), U=9006, p<.001, rank biserial correlation=.558. However, we
note that this difference was comparatively small compared to the class arrows condition (4th energy
class in Figure 3a), mean difference=3.03 (95% CI, 2.63-3.43), #(126)=14.9, p<.001, Cohen's d=2.63,
indicating that energy label type (class arrow vs. full scale display) caused a major shift in participants'
interpretations of energy classes, with a potential to mitigate skewness and biases in judgement.
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A limitation of Experiment 1 is that we cannot rule out that the bias-mitigating effect of the full scale
display was produced by the simultaneous display of the full range of colours, as the full colour scheme
was always co-present with the spatial layout of energy classes in the full scale display condition (see
Figure 1). We, therefore, continue with a follow-up experiment aimed at replicating the effects of energy
label type while controlling the possible effect of colour coding.

Results of Experiment 2

Experiment 2 used the same task and procedure as the first experiment, but it used a different set of en-
ergy labels where colour coding was manipulated (Figure 2), and all energy labels were based on the old
scale (A+++ to D). The results of Experiment 2 are shown in Figure 4. Numeric representations of these
data are provided in Appendix C, Table C2. In formal analysis, we used a repeated measures 2 (Energy
label type: class arrow, full scale display) X2 (Colour coding: traffic light, black and white) X7 (Energy
class: 1st, 2nd, 3rd, 4th, 5th, 6th, 7th) mixed ANOVA that was adjusted with a Greenhouse—Geisser
correction. All effects and interactions that did not involve colour coding were significant at »<.001, but
neither effects nor interactions that involved colour coding were significant (all p>.05). This indicates that
energy class and label type influenced judgements, but colour coding did not.

The ANOVA found no main effect of colour coding (F'<1), and no two-way interactions between
label type x colour-coding (F'<1), or energy class X colour-coding, F(2.63, 662.64)=1.86, p=.143,
n;:.007. There was also no significant three-way interaction between all factors, F(2.63, 662.64)=1.16,
p=.321, 71]2):.005. Colour coding had no measurable effect, in support of H3. As can be seen in Figure 4,
the two panels produced similar outcomes regardless of whether the energy labels were presented with
the full ‘traffic light’ colour scheme or in black and white.

In addition, there was a main effect of label type, F(1, 252)=111.59, p<.001, n>=.307,and a two-way
interaction between energy class X label type, F(2.63, 662.64)=29.02, p<.001, ;15
that support for our main hypothesis (H1) was replicated as the full scale display produced a less skewed

=.103, demonstrating

response function than the class arrows (Figure 4). There was also a main effect of energy class, I'(2.63,
662.64)=3573.39, p<.001, nﬁz .934, which is less theoretically relevant on its own.

Experiment 2 shows that the bias-mitigating effect of the full scale display is not explained by the
fact that this label contained a full view of the colour scheme. Our explanation of the data is instead that
participants mostly organized their judgements based on the spatial layout of energy classes. This linear

n ‘Traffic light' color-coding Black and white
10 1
9 -
8 -
b
.7 (b)
g
5 61
©
< 5
4_
3 -
24 —§— Class arrow
—4— Full scale display
1 1t ond  3rd gth  sth gth  gth 15t ond  3d  gth sth gth  qth
Energy class Energy class

FIGURE 4 Results of Experiment 2. The dependent variable ‘ratings’ reflects the composite index. These data points
are also expressed numerically in Appendix C, Table C2. Error bars show the standard errors of the means.
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cue stimulates more linear interpretations of the energy scale. Consistent with this, the response function
of the old scale (A+++ to D) became less skewed with the full scale display, despite it containing four A-
lettered classes which are all rated high when class arrows are used (Figure 4).

GENERAL DISCUSSION

Interpretations of energy labels vary with available design features. A letter scale that contains multiple ‘A-
rated’ energy classes implied a skewed scale structure. The skewness effect appears driven by an alphabet
heuristic; an assumption that letters should be organized based on the start of the alphabet. This strategy
awards high ratings to all A-lettered energy classes. The skewness effect emerges with ‘class arrow’ energy
labels because judgements are based on the skewed letter cue (A+++ to D) more than other cues (e.g.
colour). However, the results of two preregistered experiments show that this skewness effect can be
mitigated with a different energy label design that contains a spatial layout that implies a linear scale struc-
ture. This introduces cue competition as the full scale display explicitly reveals that the top of the alphabet
(*A’) does not correspond to the top of the scale, violating the alphabet heuristic. Results showed that
the spatial cue was more dominant than the letter cue, as it had the potential to overshadow its effects,
making the letters less important. Participants thus used different strategies for the two energy label types.
Consequently, the skewness effect was mitigated as judgements became organized primarily based on the
linear spatial cue instead of the skewed letter cue, in support of the main hypothesis (H1).

The results also showed support for H2, as both energy label types (class arrow vs. full scale display)
had the same effects on ratings of the new scale (A to G). From a cue-integration perspective, two cues
that imply the same (linear) scale structure—spatial layout and a letter scale that begins with the alpha-
bet—offer no conflict. Finally, the presence or absence of ‘traffic light’ colour coding had no measurable
effect on how the energy labels were judged in this rating task. Skog and Sérqvist (2026) have suggested
that the letters are the primary cue when consumers interpret class arrows, and the present study suggests
that the spatial layout is the primary cue when consumers interpret the full scale display.

Competing visual cues within energy label design

Different cues can imply different scale structures. A linear understanding of a scale depends on the
availability of a linear cue to scale structure. The present study demonstrates two conditions for achieving
this with eco-label design. The first design condition is that the cue itself needs to be linear. This can be
represented by, for example, a ‘traffic light” colour code across energy classes, class letters that run from
A to G or alinear spatial representation of energy classes. Our discovery that people used different strat-
egies for interpreting the two energy label design types suggests that cues compete for visual attention,
where some cues have the potential to overshadow others. Therefore, the second design condition is that
the cue needs to be dominant, meaning that people spontaneously rely on it more than other cues when
interpreting the scale structure. This cue dominance condition is only relevant in case of cue conflict (i.e.
not relevant if two cues are both linear). The present study identifies instances of cue competition which
suggest how visual attention is oriented towards the eco-design of EU energy labels.

Letters are a dominant visual cue when people interpret class arrows, as demonstrated by the present
study and consistent with previous research (Skog & Sorqvist, 2026). The alphabet heuristic provides a
context where the top of the alphabet is a reference point for the top of the energy scale. With class arrows,
A-lettered appliances are thus seen as high on environment-related dimensions, and the old scale produces
a skewed response function as it contains four A-letter classes. The new scale, beginning with ‘A’ then mov-
ing down the alphabet with one unique letter per class, in turn produces a linear response function. This is
consistent with the proposed alphabet heuristic and shows that class arrows are judged based on the letters.

“Traffic light’” colour coding, while a theoretically linear cue, is not a dominant cue, as it did not miti-
gate the skewness effect produced by the letters of the old scale (A+++ to D). That colour was a weaker
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cue than letters may be considered surprising given that ‘traffic light’ colour coding can be an effective
way of representing a graded eco-label scale (Brand et al., 2026; Holenweger et al., 2023; Thogersen &
Nielsen, 2016). However, the strength of a cue can depend on the availability of other cues. When mul-
tiple cues are available, they are integrated to support a decision (Cox, 1962; Sullivan & Burger, 1987).
Pancer et al. (2017) showed that a dual-cue green eco-label had a larger effect than any one isolated part
of its design. Skog and Sérqvist (2026) showed that letters from the old or new scale are a dominant cue
when class arrows are used, as the labels are evaluated similarly almost regardless of the presence or ab-
sence of other cues (i.e. colour coding or the range arrow). However, in one experiment reported in Skog
and Sérqvist (2026), an invented scale was used with the unintuitive letter range K to Q. This letter scale
is not anchored at the beginning of the alphabet, and the letters are therefore a weaker cue to scale struc-
ture as they do not match the alphabet heuristic. Here, complementary contextual information, such as
‘traffic light’ colour coding, was influential and helped people mentally organize an understanding of the
scale structure. This shows how cue dominance is a relative attribute, with some cues (e.g. colour coding)
becoming more utilized in contexts where other cues (e.g. letters) become weaker.

In the present study, the premier example of a dominant visual cue is the spatial layout of energy
classes. This cue fulfils both design conditions as its equidistant spatial layout of energy classes implies a
linear scale structure which has the capacity to overshadow competing cues. For this energy label type,
judgements are contextualized based on each energy class's place in the spatial layout. In the spatial layout,
linear height is perceived as representing interval steps of energy efficiency, which stimulates a linear re-
sponse function. The spatial cue overshadowed the letter cue because it made response functions almost
linear, despite there being four A-lettered appliances in the old scale which otherwise imply a skewed
scale structure. Figure 5 shows a conceptual summary of our results in relation to energy label types and
letter cues (2% 2). When the full scale display label was matched with the old scale of letters, there was

Class arrows Full scale display
Dominant cue: Letters Dominant cue: Spatial layout
D
New scale
Letters form a
linear cue
Scenario 1: Class arrow, new scale Scenario 2: Full scale display, new scale
Perceived environmental impact: Medium Perceived environmental impact: Medium
Perceived energy efficiency: Medium Perceived energy efficiency: Medium
Scenario 3: Class arrow, old scale Scenario 4: Full scale display, old scale
Perceived environmental impact: Low Perceived environmental impact: Medium
Perceived energy efficiency: High Perceived energy efficiency: Medium
Old scale
Letters form a
skewed cue

FIGURE 5 Conceptual illustration of our main results. A biased understanding of the intermediate energy class
(class 4 out of 7) is mostly seen when the letters form a skewed cue to scale structure (old scale of letters, A+++ to D) and
when the letters are the dominant cue (class arrows). This affects Scenario 3 the most, whereas the other scenarios produce
approximately ‘medium’ ratings of the labelled appliances. Actual rating data are visualized in Figures 3 and 4.
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cue conflict, as the scale structure implied by the spatial layout (linear cue) clashed with the scale structure
implied by the letters (skewed cue). The cue conflict was resolved by the spatial layout overshadowing the
letters, making them a weaker cue. Here, we note that the full scale display mitigated but did not com-
pletely eliminate the skewness effect, as the letters (skewed cue) still had some influence on judgements,
leading to a response function that was less skewed but not quite as linear as that of the new scale of letters
(where both the letters and the spatial organization provide congruent linear cues).

The results of the present study reveal cue competition in how EU energy labels are interpreted.
This raises questions about mechanisms that more general literature on visual attention and cue
competition might help answer. Key questions concern why and when some cues become more
competitive than others (from a bottom-up perspective), and whether cues can be selectively prior-
itized or ignored (from a top-down perspective). According to biased competition theory (Beck &
Kastner, 2009; Desimone & Duncan, 1995), capacity limitations lead competing stimuli to vie for
representation. This process is biased by both bottom-up saliency and top-down goal-oriented atten-
tion. We have characterized the mental organization of the letter cue and the spatial cue as relying
on different contexts. The letter cue is organized based on the alphabet heuristic, where attention is
oriented towards the goal of matching letters against a top-down representation where the top of the
alphabet represents the top of the energy scale. The spatial cue, on the other hand, is characterized
by a salient bottom-up signal that provides a physically strong cue. When the old scale of letters is
used (where ‘A’ is the middle of the scale), the spatial layout can explicitly reveal that the alphabet
heuristic is incorrect, introducing cue conflict. Results show that the salient bottom-up cue (spatial
layout) can overshadow the top-down strategy (based on letters), revealing priorities for how the EU
energy scale is interpreted. So, why does spatial organization overshadow letter-based organization?
For an observer to employ the alphabet heuristic when judging the ‘full scale display’ label type, they
must effectively ignore the salient spatial cue, so that an ‘A’ may be seen as ‘high’ even if it is visibly
in the middle of the scale. It seems unlikely, in the first instance, that the spatial layout would be
ignored given that it bears on the task of evaluating the label, thus matching goal-oriented attention
(Desimone & Duncan, 1995; Theeuwes, 2023). Using the alphabet heuristic when judging the full
scale display should demand a convoluted and cognitively effortful process that requires the observer
to ignore a highly salient and task-relevant cue. For quick choices, such as evaluating an energy label
image, it seems likely that people would favour thinking fast over thinking slow (Kahneman, 2011;
Theeuwes, 2018). Spontaneous visual attention should then be awarded to the more readily available
cue that can help consumers mentally organize a representation of the energy scale's structure.

Cognitive bias with eco-labels

Environmental judgements can make consumers susceptible to heuristic thinking, and cognitive bias
is a relevant concern for understanding perception of climate change (Zhao & Luo, 2021), and for
implementing pro-environmental behavioural interventions (Habib et al., 2021). Studies on eco-label
cognition have found memory biases in how people process and remember information from eco-
labels (Sorqvist et al., 2025). Memories for the A+ classes’ in the old scale are less accurate and more
confused, suggesting that the skewed letters are processed with less distinctiveness in memory (Skog
et al., 2026a). Environmental judgements are also biased by contextual reference points (Joireman
et al., 2010; Skog et al., 2025; Skog & Sorqvist, 2025). In a study on environmental context effects,
Tanner (2008) showed that spatial and temporal features of how environmental information is pre-
sented can influence whether the context produces assimilation or contrast. Similarly, when eco-
labelled items act as context, effects can depend on how the eco-labelled context is presented (Skog
et al., 2026b, 2026¢).

Heuristic thinking also affects how physical properties are seen. Cowen and Gatersleben (2017)
found that the size of appliances positively correlates with their perceived energy demand, despite
this ‘size heuristic’ often being inaccurate. Biases not only merge with size as a physical property but
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also with product quantities. Adding ‘green’ items can lead to no perceived additional impact (Kim &
Schuldt, 2018), or even a negative footprint illusion, where the sum environmental footprint is per-
ceived to reduce with ‘green’ additions (Gorissen & Weijters, 2016; S6rqvist & Marsh, 2024). S6rqvist
and Skog (2026) showed that the magnitude of this cognitive bias can vary with the design of EU en-
ergy labels, as the old and new letter scales imply a skewed and linear representation in mental space,
respectively. In sum, cognitive biases are widespread and influence how we understand environmental
information, for example, EU energy labels (S6rqvist & Skog, 2026). As we have also demonstrated in
the present article, the visual design of energy labels influences perception and judgement. The skew-
ness effect is an instance of a cognitive bias characterized by skewed misperceptions of environmental
impact. The source of this bias is overshadowed by a spatial layout that stresses a linear interpretation,
illustrating a case where eco-design can control and mitigate cognitive bias.

Implications for design, policy and management

Different types of energy label designs lead consumers to comprehend the energy scale in different ways.
We argue that eco-labels that support a linear understanding of scale structure are superior, as they mitigate
cognitive bias that may otherwise produce skewed over- or under-estimations of what the label is meant to
represent (e.g. over- or under-estimations of energy efficiency, environmental impact, healthiness, etc.). We
have proposed two design conditions that support a linear understanding of scales: cue linearity and cue dom-
inance. The present study thus adds to the ongoing discussion of how labelling systems should be designed to
reduce confusion and best support consumers' understanding (Boe-Lillegraven & Demmers, 2025; Donato
& Adigitizel, 2024; Sejas-Portillo et al., 2025; Skog & Sorqvist, 2026; Stadelmann & Schubert, 2018; Taufique
etal., 2019; Thogersen et al., 2024; Torma & Thogersen, 2024; Waechter et al., 2016; Zhong et al., 2025). Our
results especially bear on the design of graded eco-label scales, as the present study used EU energy labels: a
graded scale with seven categories. We favour design that provides a stable and linear representation of the
graded scale. This can be achieved with the ‘full scale display’ type of label. However, the ‘class arrow’ type of
label may often be preferred in retail and marketing because it requires less space in the display. Fortunately,
the EU's new letter scale (A to G) also implies a linear representation of the graded scale, and class arrows
based on letters A to G can facilitate a linear and unproblematic understanding (Skog & Sérqvist, 2026).

Beyond energy, graded eco-labels often represent environmental friendliness; an index that considers
resources, manufacturing, transportation and other factors that influence the environmental impact of
products and consumption (Pancer et al., 2017; Pichierri & Pino, 2023; Thogersen, 2002). Graded labels
are also used outside environmental labelling, for example with food labelling. The Nutri-Score label
represents nutritional value with a horizontally arranged scale of letters A, B, C, D and E with ‘traffic-
light’ colour. We predict that consumers' understanding of the Nutri-Score label is linear. That is, when
consumers interpret its scale categories, the steps in the scale will be seen as belonging to an interval scale
with equal step sizes. This is because the Nutri-Score label fulfils our design recommendations with its
three linear cues (and zero skewed cues).

Limitations and future studies

A limitation in the present study is the use of behavioural experiments where participants rated energy
labelled appliances, a task different from more ecological consumer scenarios. A rating task can be ef-
fective in measuring how energy labels are perceived and judged, but future research might benefit from
studies of consumer choice or behavioural intentions (e.g. willingness to pay). While the stimulus material
resembles scenes of visual advertisement in online shops, future research should evaluate the generaliz-
ability of the results to more ecologically valid contexts that may also include stimulus features such as
price and other aspects of product performance. For example, simulated shopping or field experiments
where other variables (e.g. price) are considered together with the energy labels.
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There were also limitations regarding the stimulus material. The present study only used a single product
category, namely ovens. The data, therefore, offer no measurements of possible interactions between labels
and products. Furthermore, the two label types were presented in different sizes which may confound their
visual saliency. We note that this choice in our experimental procedure matches policy and real-world market
convention where class arrows tend to be smaller in displays. We also note that visual attention was strongly
guided towards the label in the stimulus display, as the task was to evaluate environment-related aspects of
each oven. Furthermore, the two label types also differ in that the full scale display shows all seven steps in
the energy scale, in a triple-cue label with colour, letters and spatial layout. We do not attribute the reported
effects to the vertical arrangement of these energy classes and expect other types of similar arrangements
to have similar effects. Compare, for example, the Nutri-Score, which stacks its five colour-coded letters
horizontally rather than vertically. Finally, our results also show that colour had no measurable effect in the
present task settings, but this conclusion does not necessarily generalize beyond task contexts where labels
are closely attended. In other scenarios, where visual attention is less guided towards the label, colour may be
‘eye catching’ and increase visual saliency and detection rates. Therefore, results do not suggest that colour is
superfluous in energy labelling. Instead, results show that when energy labels are closely attended during rat-
ings, any effect of colour is overshadowed by stronger cues. In terms of cognitive functions, we have framed
the present study within theory on visual attention and cue competition, but it must be noted that the present
set of experiments measured ratings, with no direct measurements of attentional processes. While the results
show that some cues receive priority over others in rating decisions, we have not traced the cognitive func-
tions that are responsible for the effects. This remains a target for future research that could, for example, ex-
amine the time course of processing for the two label types or their saliency in naturalistic marketing displays.

Another limitation in the present study is that we only sampled participants from the general popula-
tion of the United Kingdom, without testing their familiarity with the labels. Measurements might have
been subject to less noise with control measures of participants' environmental concern, their energy
literacy, familiarity with the labels or education. Despite uncontrolled individual variability, the results
appear reliable as the hypothesized effects of label type were replicated in a follow-up experiment with an
independent sample of participants.

CONCLUSION

The present study finds that design with linear cues helps consumers towards a better understanding of
graded eco-label scales. If some eco-label cues (e.g. energy classes which are based on the same letters;
‘A, ‘A1) prime a skewed representation of the label scale, this bias can be mitigated with more domi-
nant design features that stress a linear representation.

AUTHOR CONTRIBUTIONS

Emil Skog: Conceptualization; investigation; writing — original draft; methodology; visualization; writing —
review and editing; software; formal analysis; data curation; resources. Patrik S6rqvist: Conceptualization;
methodology; writing — review and editing; funding acquisition; project administration.

FUNDING INFORMATION
This research was financially supported by a grant from Magnus Bergvall's foundation (2025-235) awarded
to Sérqvist. Skog was supported by a grant from Riksbankens jubileumsfond (P25-0932).

CONFLICT OF INTEREST STATEMENT
The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT
The data and preregistration for both experiments are publicly available via the Open Science Framework
(https://doi.org/10.17605/OSF.1I0 /TGWEFA).

d 'y '9202 '6829.90€

Jwouy

SUORIPUOD PU. SLUIB L 84} 885 *[9202/0T/20] U0 A%iq1T8UIIUO AB1IM ‘BISIPAIUN BISILP L B9INT AQ £Z00L Z105/200T OT/10P/W00" A3 |1

oI Arelq L

pue-sw

B5U017 SUOWILLIOD dAIER.1D a|qedt|dde ay) Ag peusenob are ssp e YO ‘asn Jo Sajni 1) ARiqi auljuQ A8|Im uo


https://doi.org/10.17605/OSF.IO/TGWFA

18 of 24 | SKOG and SORQVIST

ETHICS STATEMENT
The study was conducted in accordance with the Declaration of Helsinki and was reviewed by the Swedish
Research Ethics Authority (Dnr 2026-01332-01).

ORCID
Emil Skog @ https:/ /otcid.org/0000-0003-2492-9933
DPatrik Sorgvist @ https:/ /orcid.org/0000-0002-7584-2275

REFERENCES

Andika, A., Maslikhah, M., Tampubolon, N. K. T., Wahyudi, D., Dwiwinarno, T., & Amirullah, M. A. K. (2025). Exploring con-
sumer transition to energy-efficient household appliances in Indonesia: The mediating role of curiosity in a push-pull-mooring
framework. International Journal of Energy Economics and Policy, 15(2), 9-22. https://doi.org/10.32479 /ijeep.17744

Andor, M. A, Gerster, A., & Sommer, S. (2020). Consumer inattention, heuristic thinking and the role of energy labels. The Energy
Journal, 41(1), 83-112. https://doi.org/10.5547/01956574.41.1.mand

Asif, M. H., Zhongfu, T., Irfan, M., Ahmad, B., & Ali, M. (2023). Assessing eco-label knowledge and sustainable consumption
behavior in energy sector of Pakistan: An environmental sustainability paradigm. Environmental Science and Pollution Research,
30(14), 41319-41332. https://doi.org/10.1007/511356-023-25262-8

Basiru, L., Xu, Y., Atkorful, V. E., Lugu, B. K., & Ibrahim, A. H. (2024). Energy efficiency labels and urban residents' intention to
purchase energy-efficient household appliances: An empirical study based on the theory of planned behavior. Clean Technologies
and Environmental Policy, 27, 3433-3448. https://doi.org/10.1007 /s10098-024-03070-2z

Beck, D. M., & Kastner, S. (2009). Top-down and bottom-up mechanisms in biasing competition in the human brain. IZsion
Research, 49(10), 1154-1165. https://doi.org/10.1016/j.visres.2008.07.012

Beck, M., & Toulouse, N. O. (2023). Assessing the impact of energy labels on attitude and behavioral intention: An empirical inves-
tigation. Journal of Cleaner Production, 415, 137751. https:/ /doi.org/10.1016/j.jclepro.2023.137751

Bengart, P., & Vogt, B. (2023). Effects and interactions of labels' color scheme and the individual difference variable lay rationalism
on pro-environmental choices. Jourmal of Environmental Psychology, 87, 101998. https://doi.org/10.1016/j.jenvp.2023.101998

Birnbaum, M. H., & Rouvere, |. (2023). Contextual effects in salary satisfaction. Judgment and Decision Making, 18, €31. https://doi.
org/10.1017/jdm.2023.26

Boe-Lillegraven, S., & Demmers, J. (2025). Leveling up on labels? Consumer preferences for firm-level eco-labels as substitutes for
or complements to product-level eco-labels. Corporate Social Responsibility and Environmental Management, 32, 1920~1944. https://
doi.org/10.1002/csr.3051

Brand, B. M., Grunert, K. G., Dintner, L. K., & Stoltenberg, B. (2026). Mapping the sustainability labels jungle in the food con-
text: An analysis of multi-dimensional multi-level labels. British Food Journal, 128(13), 505-528. https://doi.org/10.1108/
BEFJ-09-2025-1242

Choplin, J. M., & Hummel, J. E. (2002). Magnitude comparisons distort mental representations of magnitude. Journal of Experimental
Psychology: General, 131(2), 270-286. https://doi.org/10.1037/0096-3445.131.2.270

Cowen, L., & Gatersleben, B. (2017). Testing for the size heuristic in houscholders' perceptions of energy consumption. Jourmal of
Environmental Psychology, 54, 103—-115. https://doi.org/10.1016/j.jenvp.2017.10.002

Cox, D. F. (1962). The measutement of information value: A study in consumer decision-making. In W. S. Decker (Ed.), Emerging
concepts in marketing (pp. 413—421). American Marketing Association.

Davis, L. W., & Metcalf, G. E. (2016). Does better information lead to better choices? Evidence from energy-efficiency labels.
Journal of the Association of Environmental and Resource Economists, 3(3), 589—-625. https:/ /doi.org/10.1086/686252

Desimone, R., & Duncan, J. (1995). Neural mechanisms of selective visual attention. Annual Review of Neuroscience, 18(1), 193-222.
https://doi.org/10.1146/annurev.ne.18.030195.001205

Donato, C., & Adigtzel, F. (2024). The effects of visual design on eco-labels evaluations: Guidelines for effective green advertising.
Journal of Marketing Theory and Practice, 33, 271-288. https:/ /doi.org/10.1080/10696679.2024.2307889

Durmus Senyapar, H. N., Duzgun, B., & Boran, F. E. (2024). Energy labels and consumer attitudes: A study among university staff.
Sustainability, 16(5), 1754. https:/ /doi.org/10.3390/su16051754

Ecodesign Impact Accounting Overview Report. (2024). Downloaded on September 4th 2025 from (2024). https://circabc.curopa.
cu/ui/group/418195a¢-4919-45f2-2959-3b695c¢9aab28/library / c2c3ef00-75a1-46d0-8bce-ad4116236e0a

Elmor, L., Ramos, G. A., Vieites, Y., Andretti, B., & Andrade, E. B. (2024). Environmental sustainability considerations (or lack
thereof) in consumer decision making. International Journal of Research in Marketing, 42(4), 1203-1228. https://doi.org/10.
1016/j.ijresmar.2024.08.003

Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007). G*Power 3: A flexible statistical power analysis program for the social,
behavioral, and biomedical sciences. Behavior Research Methods, 39, 175-191. https://doi.org/10.3758/bf03193146

Faure, C., Guetlein, M. C., & Schleich, J. (2021). Effects of rescaling the EU energy label on household preferences for top-rated
appliances. Energy Policy, 156, 112439. https://doi.org/10.1016/j.enpol.2021.112439

Furnham, A., & Boo, H. C. (2011). A literature review of the anchoring effect. The Journal of Socio-Economics, 40(1), 35-42. https://
doi.org/10.1016/j.s0cec.2010.10.008

d 'y '9202 '6829.90€

wouy

SUORIPUOD PU. SIS L 84} 885 *[9202/0T/20] U0 A%iq1T8UIIUO AB1IM ‘BISIBAIUN BXSILR L 891N AQ £200L 2105/200T OT/10p/W00" A1 A)

Ao Im

B5U017 SUOWILLIOD dAIER.1D a|qedt|dde ay) Ag peusenob are ssp e YO ‘asn Jo Sajni 1) ARiqi auljuQ A8|Im uo


https://orcid.org/0000-0003-2492-9933
https://orcid.org/0000-0003-2492-9933
https://orcid.org/0000-0002-7584-2275
https://orcid.org/0000-0002-7584-2275
https://doi.org/10.32479/ijeep.17744
https://doi.org/10.5547/01956574.41.1.mand
https://doi.org/10.1007/s11356-023-25262-8
https://doi.org/10.1007/s10098-024-03070-z
https://doi.org/10.1016/j.visres.2008.07.012
https://doi.org/10.1016/j.jclepro.2023.137751
https://doi.org/10.1016/j.jenvp.2023.101998
https://doi.org/10.1017/jdm.2023.26
https://doi.org/10.1017/jdm.2023.26
https://doi.org/10.1002/csr.3051
https://doi.org/10.1002/csr.3051
https://doi.org/10.1108/BFJ-09-2025-1242
https://doi.org/10.1108/BFJ-09-2025-1242
https://doi.org/10.1037/0096-3445.131.2.270
https://doi.org/10.1016/j.jenvp.2017.10.002
https://doi.org/10.1086/686252
https://doi.org/10.1146/annurev.ne.18.030195.001205
https://doi.org/10.1080/10696679.2024.2307889
https://doi.org/10.3390/su16051754
https://circabc.europa.eu/ui/group/418195ae-4919-45fa-a959-3b695c9aab28/library/c2c3ef00-75a1-46d0-8bce-ad4116236e0a
https://circabc.europa.eu/ui/group/418195ae-4919-45fa-a959-3b695c9aab28/library/c2c3ef00-75a1-46d0-8bce-ad4116236e0a
https://doi.org/10.1016/j.ijresmar.2024.08.003
https://doi.org/10.1016/j.ijresmar.2024.08.003
https://doi.org/10.3758/bf03193146
https://doi.org/10.1016/j.enpol.2021.112439
https://doi.org/10.1016/j.socec.2010.10.008
https://doi.org/10.1016/j.socec.2010.10.008

LINEAR CUES IN LABELS MITIGATE BIAS | 19 of 24

Gonzalez-Torres, M., Bertoldi, P., Castellazzi, L., & Perez-Lombard, L. (2023). Review of EU product energy efficiency policies:
What have we achieved in 40years? Journal of Cleaner Production, 421, 138442. https:/ /doi.org/10.1016/j.jclepro.2023.138442

Gorissen, K., & Weijters, B. (2016). The negative footprint illusion: Perceptual bias in sustainable food consumption. Journal of
Environmental Psychology, 45, 50-65. https://doi.org/10.1016/j.jenvp.2015.11.009

Grankvist, G., Dahlstrand, U., & Biel, A. (2004). The impact of environmental labelling on consumer preference: Negative vs. pos-
itive labels. Journal of Consumer Policy, 27, 213-230. https:/ /doi.org/10.1023/B:COPO.0000028167.54739.94

Habib, R., White, K., Hardisty, D. J., & Zhao, J. (2021). Shifting consumer behavior to address climate change. Current Opinion in
Psychology, 42, 108113 https://doi.org/10.1016/j.copsyc.2021.04.007

Haubensak, G. (1992). The consistency model: A process model for absolute judgments. Journal of Experimental Psychology: Human
Perception and Performance, 18(1), 303-309. https://doi.org/10.1037/0096-1523.18.1.303

Heinzle, S. L., & Wiistenhagen, R. (2012). Dynamic adjustment of eco-labeling schemes and consumer choice—the revision of the
EU energy label as a missed opportunity? Business Strategy and the Environment, 21(1), 60=70. https://doi.org/10.1002/bse.722

Holenweger, G., Stockli, S., & Brigger, A. (2023). Carbon footprint labels involving traffic lights foster sustainable food choices.
Food Quality and Preference, 106, 104813. https://doi.org/10.1016/j.foodqual.2023.104813

Horne, R. E. (2009). Limits to labels: The role of eco-labels in the assessment of product sustainability and routes to sustainable
consumption. International Journal of Consumer Studies, 33(2), 175-182. https://doi.org/10.1111/j.1470-6431.2009.00752.x

Joireman, J., Barnes Truelove, H., & Duell, B. (2010). Effect of outdoor temperature, heat primes and anchoring on belief in global
warming. Journal of Environmental Psychology, 30, 358-367. https://doi.org/10.1016/j.jenvp.2010.03.004

Kahneman, D. (2011). Thinking, fast and slow. Farrar, Straus and Giroux.

Kim, B., & Schuldt, J. P. (2018). Judging the environmental impact of green consumption: Evidence of quantity insensitivity. Journal
of Environmental Psychology, 60, 122-127. https:/ /doi.org/10.1016/j.jenvp.2018.10.005

Kuhn, S., Kutzner, F., & Thegersen, J. (2022). How to make energy efficiency labels more effective: Insights from discrete choice ex-
periments in Ghana and The Philippines. Energy Research & Social Science, 84, 102320. https://doi.org/10.1016/j.erss.2021.102320

Majer, J. M., Henscher, H. A., Reuber, P., Fischer-Kreer, D., & Fischer, D. (2022). The effects of visual sustainability labels on
consumer perception and behavior: A systematic review of the empirical literature. Sustainable Production and Consumption, 33,
1-14. https://doi.org/10.1016/j.spc.2022.06.012

Newell, R. G., & Siikamiiki, ]. (2014). Nudging energy efficiency behavior: The role of information labels. Journal of the Association of
Environmental and Resource Economists, 1(4), 555-598. https://doi.org/10.1086/679281

Pancer, E., McShane, L., & Noseworthy, T. J. (2017). Isolated environmental cues and product efficacy penalties: The color green
and eco-labels. Journal of Business Ethics, 143, 159-177. https:/ /doi.org/10.1007/s10551-015-2764-4

Parducci, A. (1965). Category judgments: A range-frequency model. Psychological Review, 72, 407-418. https://doi.org/10.1037/
h0022602

Parducci, A. (1968). The relativism of absolute judgments. Scientific American, 219, 84-93. https:/ /doi.org/10.1038/scientificameri
can1268-84

Peirce, J., Gray, J. R., Simpson, S., MacAskill, M., Héchenberger, R., Sogo, H., Kastman, E., & Lindelov, J. K. (2019). PsychoPy2:
Experiments in behavior made easy. Bebavior Research Methods, 51, 195-203. https://doi.org/10.3758/s13428-018-01193-y

Pichierri, M., & Pino, G. (2023). Less saturated, more eco-friendly: Color saturation and consumer perception of product sustain-
ability. Psychology & Marketing, 40, 1830-1849. https://doi.org/10.1002/mar.21858

Sammer, K., & Wiistenhagen, R. (2006). The influence of eco-labelling on consumer behaviour—results of a discrete choice analysis
for washing machines. Business Strategy and the Environment, 15(3), 185-199. https:/ /doi.org/10.1002/bse.522

Schleich, J., Durand, A., & Brugger, H. (2021). How effective are EU minimum energy performance standards and energy labels for
cold appliances? Energy Policy, 149, 112069. https://doi.org/10.1016/j.enpol.2020.112069

Sejas-Portillo, R., Moro, M., & Stowasser, T. (2025). The simpler the better? Threshold effects of energy labels on property prices and
energy efficiency investments. Awmerican Economic Jonrnal: Applied Economics, 17, 41-89. https://doi.org/10.1257 /app.20220329

Seo, J. Y., & Scammon, D. L. (2017). Do green packages lead to misperceptions? The influence of package colors on con-
sumers' perceptions of brands with environmental claims. Marketing Letters, 28, 357-369. https:/ /doi.org/10.1007/s1100
2-017-9420-y

Skog, E., Marsh, |. E., & Sérqvist, P. (2026a). Which energy label did that appliance have again? A memory test reveals confusing
eco-label design. Journal of Applied Research in Memory and Cognition. Advance online publication. https://doi.org/10.1037/
mac0000284

Skog, E., Marsh, |. E., & Sérquist, P. (2026b). Out of sight, out of mind? How discarded items shape environmental judgments.
Cognitive Research: Principles and Implications, 11, 37. https://doi.org/10.1186/s41235-026-00743-9

Skog, E., Marsh, . E., & Sorqvist, P. (2026¢). Carbon footprint judgments in context: Does surrounding context produce assimila-
tion or contrast? Journal of Cognitive Psychology, 38(4), 345-360. https://doi.org/10.1080/20445911.2026.2705191

Skog, E., Sandlund, 1., & S6rqvist, P. (2025). Cognitive bias in perceived concern with rainfall: Implications for climate adaptation.
Journal of Environmental Psychology, 106, 102737. https:/ /doi.org/10.1016/.jenvp.2025.102737

Skog, E., & Sorquist, P. (2025). Context foreknowledge can make emissions seem more environmentally friendly or harmful:
Evidence from distribution-density effects in human judgment. Journal of Applied Research in Memory and Cognition, 14(2), 288—
299. https://doi.org/10.1037/mac0000213

Skog, E., & Sorquist, P. (2026). Consumers' understanding of energy labels: Perception of eco-design with scale range and color-
coding. Psychology & Marketing, 43(4), 934-952. https:/ /doi.org/10.1002/mar.70095

d 'y '9202 '6829.90€

wouy

SUORIPUOD PU. SIS L 84} 885 *[9202/0T/20] U0 A%iq1T8UIIUO AB1IM ‘BISIBAIUN BXSILR L 891N AQ £200L 2105/200T OT/10p/W00" A1 A)

Ao Im

B5U017 SUOWILLIOD dAIER.1D a|qedt|dde ay) Ag peusenob are ssp e YO ‘asn Jo Sajni 1) ARiqi auljuQ A8|Im uo


https://doi.org/10.1016/j.jclepro.2023.138442
https://doi.org/10.1016/j.jenvp.2015.11.009
https://doi.org/10.1023/B:COPO.0000028167.54739.94
https://doi.org/10.1016/j.copsyc.2021.04.007
https://doi.org/10.1037/0096-1523.18.1.303
https://doi.org/10.1002/bse.722
https://doi.org/10.1016/j.foodqual.2023.104813
https://doi.org/10.1111/j.1470-6431.2009.00752.x
https://doi.org/10.1016/j.jenvp.2010.03.004
https://doi.org/10.1016/j.jenvp.2018.10.005
https://doi.org/10.1016/j.erss.2021.102320
https://doi.org/10.1016/j.spc.2022.06.012
https://doi.org/10.1086/679281
https://doi.org/10.1007/s10551-015-2764-4
https://doi.org/10.1037/h0022602
https://doi.org/10.1037/h0022602
https://doi.org/10.1038/scientificamerican1268-84
https://doi.org/10.1038/scientificamerican1268-84
https://doi.org/10.3758/s13428-018-01193-y
https://doi.org/10.1002/mar.21858
https://doi.org/10.1002/bse.522
https://doi.org/10.1016/j.enpol.2020.112069
https://doi.org/10.1257/app.20220329
https://doi.org/10.1007/s11002-017-9420-y
https://doi.org/10.1007/s11002-017-9420-y
https://doi.org/10.1037/mac0000284
https://doi.org/10.1037/mac0000284
https://doi.org/10.1186/s41235-026-00743-9
https://doi.org/10.1080/20445911.2026.2705191
https://doi.org/10.1016/j.jenvp.2025.102737
https://doi.org/10.1037/mac0000213
https://doi.org/10.1002/mar.70095

20 of 24 SKOG and SORQVIST

Skourtos, M., Damigos, D., Tourkolias, C., & Kontogianni, A. (2021). Efficient energy labelling: The impact of information content
and style on product choice. Energy Efficiency, 14(6), 58. https:/ /doi.org/10.1007/s12053-021-09950-3

Sorqvist, P., & Marsh, J. E. (2024). Conceptual and methodological considerations to the negative footprint illusion: A reply to
Gortissen et al. (2024). Journal of Cognitive Psychology, 36, 954-963. https://doi.org/10.1080/20445911.2024.2412030

Sorquist, P., & Skog, E. (2026). Cognitive bias can depend on eco-label design: Evidence from a negative footprint illusion in energy
labeled houscehold appliances. Energy Policy, 216, 115391. https:/ /doi.org/10.1016/j.enpol.2026.115391

Sorquist, P., Skog, E., Heidenreich, J., & Marsh, J. E. (2025). All's eco-friendly that ends eco-friendly (if remembered as such):
Memory processes in retrospective judgment of environmentally significant sequences. Applied Cognitive Psychology, 39(4),
€70103. https://doi.org/10.1002/acp.70103

Stadelmann, M., & Schubert, R. (2018). How do different designs of energy labels influence purchases of houschold appliances? A
field study in Switzerland. Ecological Economics, 144, 112—123. https:/ /doi.org/10.1016/j.ecolecon.2017.07.031

Stasiuk, K., & Maison, D. (2022). The influence of new and old energy labels on consumer judgements and decisions about house-
hold appliances. Energies, 15(4), 1260. https://doi.org/10.3390/en15041260

Sucapane, D., Roux, C., & Sobol, K. (2021). Exploring how product descriptors and packaging colors impact consumers' percep-
tions of plant-based meat alternative products. Appetite, 167, 105590. https://doi.org/10.1016/j.appet.2021.105590

Sullivan, G. L., & Burger, K. J. (1987). An investigation of the determinants of cue utilization. Psychology ¢ Marketing, 4, 63—74.
https://doi.org/10.1002/mar.4220040107

Tanner, C. (2008). Context effects in environmental judgments: Assimilation and contrast effects in separate and joint evaluation
modes. Journal of Applied Social Psychology, 38(11), 2759-2786. https://doi.org/10.1111/j.1559-1816.2008.00413.x

Taufique, K. M. R., Polonsky, M. J., Vocino, A., & Siwar, C. (2019). Measuring consumer understanding and perception of eco-labelling:
Ttem selection and scale validation. International Journal of Consumer Studies, 43(3), 298-314. https:/ /doi.org/10.1111 /ijes. 12510

Theeuwes, J. (2018). Visual selection: Usually fast and automatic; seldom slow and volitional. Journal of Cognition, 1(1), 1-15. https://
doi.org/10.5334/joc.13

Theeuwes, J. (2023). The attentional capture debate: When can we avoid salient distractors and when not? Journal of Cognition, 6(1),
35. https://doi.org/10.5334/joc.251

Thogersen, J. (2002). Promoting green consumer behavior with eco-labels. In T. Dietz & P. C. Stern (Eds.), New tools for environmental
protection: Education, information, and voluntary measures (pp. 83—104). National Academy Press.

Thogersen, J., Dessart, F. J., Marandola, G., & Hille, S. L. (2024). Positive, negative or graded sustainability labelling? Which is most
effective at promoting a shift towards more sustainable product choices? Business Strategy and the Environment, 33(T), 6795—6813.
https://doi.org/10.1002/bse.3838

Thogersen, J., & Nielsen, K. S. (2016). A better carbon footprint label. Journal of Cleaner Production, 125, 86-94. https:/ /doi.org/10.
1016/jjclepro.2016.03.098

Torma, G., & Thogersen, J. (2024). Can a meta sustainability label facilitate more sustainable consumer choices? Business Strategy and
the Environment, 33, 283-306. https://doi.org/10.1002/bse.3488

Tversky, A., & Kahneman, D. (1974). Judgment under uncertainty: Heuristics and biases. Scence, 185, 1124-1131. https://doi.org/
10.1126/science.185.4157.1124

Waechter, S., Sttterlin, B., Borghoff, J., & Siegrist, M. (2016). Letters, signs, and colors: How the display of energy-efficiency infor-
mation influences consumer assessments of products. Energy Research & Social Science, 15, 86-95. https:/ /doi.org/10.1016/j.
erss.2016.03.022

Wang, Z., Sun, Q., Wang, B., & Zhang, B. (2019). Purchasing intentions of Chinese consumers on energy-efficient appliances: Is
the energy efficiency label effective? Journal of Cleaner Production, 238, 117896. https:/ /doi.org/10.1016/j.jclepro.2019.117896

Wedell, D. H. (1996). A constructive-associative model of contextual dependence of unidimensional similarity. Journal of Experimental
Psychology: Human Perception and Performance, 22, 634-661. https:/ /doi.org/10.1037/0096-1523.22.3.634

Wedell, D. H., Hayes, W. M., & Kim, J. (2020). Context effects on reproduced magnitudes from short-term and long-term memory.
Alttention, Perception, & Psychophysics, 82, 1710-1726. https:/ /doi.org/10.3758/513414-019-01932-2

Zhao, J., & Luo, Y. (2021). A framework to address cognitive biases of climate change. Newuron, 109(22), 3548-3551. https://doi.
org/10.1016/j.neuron.2021.08.029

Zhong, K., Yan, Z., Sun, H., & Huang, R. (2025). Overcoming the challenges of “green enough”: Exploring the dark side of incre-
mental green options. Psychology & Marketing, 42, 892-906. https:/ /doi.org/10.1002/mar.22155

How to cite this article: Skog, E., & Soérqvist, P. (2026). Visual cue competition in energy label
design: How dominant, linear cues can mitigate cognitive bias by overshadowing. Environmental
Psychology Research, 1, €70024. https://doi.org/10.1002 /epr2.70024

d 'y '9202 '6829.90€

wouy

SUORIPUOD PU. SIS L 84} 885 *[9202/0T/20] U0 A%iq1T8UIIUO AB1IM ‘BISIBAIUN BXSILR L 891N AQ £200L 2105/200T OT/10p/W00" A1 A)

Ao Im

D

B5U017 SUOWILLIOD dAIER.1D a|qedt|dde ay) Ag peusenob are ssp e YO ‘asn Jo Sajni 1) ARiqi auljuQ A8|Im uo


https://doi.org/10.1007/s12053-021-09950-3
https://doi.org/10.1080/20445911.2024.2412030
https://doi.org/10.1016/j.enpol.2026.115391
https://doi.org/10.1002/acp.70103
https://doi.org/10.1016/j.ecolecon.2017.07.031
https://doi.org/10.3390/en15041260
https://doi.org/10.1016/j.appet.2021.105590
https://doi.org/10.1002/mar.4220040107
https://doi.org/10.1111/j.1559-1816.2008.00413.x
https://doi.org/10.1111/ijcs.12510
https://doi.org/10.5334/joc.13
https://doi.org/10.5334/joc.13
https://doi.org/10.5334/joc.251
https://doi.org/10.1002/bse.3838
https://doi.org/10.1016/j.jclepro.2016.03.098
https://doi.org/10.1016/j.jclepro.2016.03.098
https://doi.org/10.1002/bse.3488
https://doi.org/10.1126/science.185.4157.1124
https://doi.org/10.1126/science.185.4157.1124
https://doi.org/10.1016/j.erss.2016.03.022
https://doi.org/10.1016/j.erss.2016.03.022
https://doi.org/10.1016/j.jclepro.2019.117896
https://doi.org/10.1037/0096-1523.22.3.634
https://doi.org/10.3758/s13414-019-01932-z
https://doi.org/10.1016/j.neuron.2021.08.029
https://doi.org/10.1016/j.neuron.2021.08.029
https://doi.org/10.1002/mar.22155
https://doi.org/10.1002/epr2.70024

LINEAR CUES IN LABELS MITIGATE BIAS 21 of 24

APPENDIX A

ALL STIMULI USED IN THE PRESENT STUDY
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FIGURE A1 Experiment 1's energy labels are shown in the upper half of the figure, and Experiment 2's energy labels
are shown in the lower half of the figure, with oven images in the middle. Rows of energy labels represent between-participant
conditions, and columns represent energy classes (1-7). A condition's stimuli consisted of seven ovens that were randomly
paired with seven energy labels from a row.
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APPENDIX B

FULL DATA FROM EACH RATING TASK IN EXPERIMENT 1

FIGURE B1
the means.
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Results of Experiment 1's three rating tasks, split by conditions. Error bars represent the standard errors of
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APPENDIX C
NUMERIC REPRESENTATIONS OF THE DEPENDENT VARIABLE, SPLIT BY
CONDITIONS
TABLE C1 Numeric representations of the rating results from Experiment 1.
Scale letters Label type Mean SE
Energy class 1 New Class arrow 10.48 1152
Full 10.4 1169
Old Class arrow 10.51 1138
Full 10.36 1282
Energy class 2 New Class arrow 9.04 1097
Full 9.06 1217
Old Class arrow 9.88 1072
Full 9.26 1067
Energy class 3 New Class arrow 7.41 1283
Full 7.58 .0844
Old Class arrow 9.09 1283
Full 8.04 .0965
Energy class 4 New Class arrow 5.64 1496
Full 5.98 1216
Old Class arrow 8.67 1384
Full 6.96 1175
Energy class 5 New Class arrow 3.89 1277
Full 4.3 1395
Old Class arrow 6.97 144
Full 5.18 1501
Energy class 6 New Class arrow 2.73 1273
Full 2.79 1549
Old Class arrow 4.55 1463
Full 3.19 151
Energy class 7 New Class arrow 1.55 .0991
Full 1.59 193
Old Class arrow 1.88 1319
Full 1.65 1614

Note: The “full’ label type refers to full scale display.
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TABLE C2 Numeric representations of the rating results from Experiment 2.

Colour coding Label type Mean SE

Energy class 1 BW Class arrow 10.59 .0854

Full 10.44 1342

Colour Class arrow 10.5 1073

Full 10.67 .0856

Energy class 2 BW Class arrow 9.83 1021

Full 9.27 1053

Colour Class arrow 9.83 1094

Full 9.45 .0879

Energy class 3 BW Class arrow 9.09 .0966

Full 8.09 1035
Colour Class arrow 8.99 143

Full 8.26 .0937

Energy class 4 BW Class arrow 8.47 1206
Full 71 112

Colour Class arrow 8.53 1536

Full 71 1173

Energy class 5 BW Class arrow 6.87 1396

Full 5.38 1532

Colour Class arrow 6.77 1516

Full 5.07 1276

Energy class 6 BW Class arrow 4.51 1728

Full 3.38 1317

Colour Class arrow 4.45 1735

Full 3.08 .0902

Energy class 7 BW Class arrow 2.28 .2001

Full 1.69 1502

Colour Class arrow 2.05 1584

Full 1.42 .0949

Note: The “full’ label type refers to full scale display. The ‘BW’ colour coding refers to black and white, where colour coding was not available in

the labels.
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