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ABSTRACT

Energy labels help consumers understand the environmental impact of products. This drives consumer behavior. Knowing how
label features are perceived can thus have important implications for design, policy, and management. Energy labels contain
different design features that convey information about the range of available energy classes. Such contextual information can
help people make informed comparisons. Across three behavioral experiments, we evaluate the perception of (EU's eco-design)
energy labels based on their letter scale, color-coding, and information about the scale's range of energy classes. These three
features had different influences on judgments of environmental friendliness. A letter scale that begins with the alphabet
(A to G) helped participants tell apart energy classes linearly. But a scale that extends beyond the alphabet (A+++ to D) led to
biased and skewed responses. Color-coding and information about the scale's range of energy classes provided important
contextual information that made environmental judgments more discriminating and more stable. We demonstrate novel
behavioral evidence on how such contextual information leads to better understanding of energy labels, with a discussion
informed by range-frequency theory, the cue-utilization framework, and the heuristics and biases framework. Implications for
policy and product marketing strategies with energy labels are discussed.

1 | Introduction each of these three central stimulus features affect how energy
labels inform judgments of environmental impact. While pre-
vious studies have investigated the effects that labels can have
on consumer behavior (Majer et al. 2022; Thegersen et al. 2024;
Zhong et al. 2025), we take the novel step to investigate how
different stimulus features within energy labels are perceived, to
better understand their relative contributions for environmental
judgments.

Energy labels are used around the world to help consumers
understand energy efficiency. The present study takes a psy-
chological perspective to evaluate how people come to under-
stand energy labels when evaluating environmental impact. We
focus primarily on the eco-design of energy labels for electronic
products within the European Union (EU), a leading institution
on directives for energy labeling. The design of EU energy labels
contains three key features (Figure 1): (1) A letter scale, (2) a The design of EU energy labels has been revised over the years.
color-coded scale, and (3) information about the scale's range In fact, each of the three key stimulus features (letters, color-
(highest and lowest letters in the scale). Each of these three ~ coding, and information about the scale’s range) have been
design features have the potential to affect how energy labels  subject to changes, or there are instances where they vary or can
are understood, yet there is scarce behavioral evidence on how  be modified. Regarding the use of letters in the scales, as elec-
these stimulus features are perceived. We seek to evaluate how  tronic products became more energy efficient (in the 2000s
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A) Experiment 1: Color-coded energy labels
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B) Experiment 2: Black and white energy labels
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FIGURE 1 | Energy label stimuli used in Experiment (1A) and Experiment (2B). The figure panels also capture the design of each experiment,
where participants were divided into four groups. Each group encountered seven energy labels, and the between-participants conditions (Knowledge
of range x scale boundaries) determined which row of energy labels would be presented to a group.

compared to the 1990s), new efficient products had become
more efficient than class “A” in the old scale, which represented
the highest possible energy class. The solution was to extend the
scale beyond class “A” by introducing the even more energy
efficient energy classes “A+,” “A++,” and “A+++" in the scale.
But it was reportedly more difficult for consumers to under-
stand these proliferated and extended “A+” classes (e.g.,
Heinzle and Wiistenhagen 2012). Therefore, in a 2021 revision,
the EU rescaled this “old scale” system such that “A” should
typically be the highest class of energy efficiency, and “G” the
lowest (Figure 1). This rescaled “new scale” system is being
gradually adopted (though Internet searches by the authors
revealed that ovens and other examples of electronic appliances
are still visually advertised with the old “A+++" scale, in
Sweden in the year 2025).

The EU's energy labels employ green-to-red “traffic light” color-
coding, where green represents the most energy efficient and red
represents the least energy efficient products (Figure 1A). How-
ever, even this is subject to modification as EU energy labels may
be printed in black and white if color printing is not used in visual
advertisement (Figure 1B). The EU has therefore made available
black and white versions of the typically colored energy labels. Our
study builds upon this to investigate the psychological impact of
presenting energy labels in color versus in black and white.

Regarding information about the scale's range of energy classes,
the EU has issued a recent notice that information about the
scale's range should be included in the energy label (e.g., a label

with energy class B should be accompanied by information that
indicates that the range of energy classes is A to G). Range
information explicitly conveys what the highest and lowest
letters on the scale are (Figure 1). This new directive took effect
in 2024 and offers yet another opportunity to study the psy-
chological effects of how different stimulus features in energy
labels affect judgments of environmental impact. Information
about the scale's range provides an observer with a very strong
cue to the scale's context, and we will soon discuss the impor-
tant role that such contextual information can have in
judgments.

Motivated by the fact that the use of letter scales, color-coding,
and range vary in marketing contexts, the present study
investigates how these scale features influence consumer's en-
vironmental judgments. We situate our studies in a theoretical
background and develop hypotheses before presenting the
details of the present series of experiments.

2 | Theoretical Background and Hypothesis
Development

2.1 | The Managerial Importance of
Environmental Judgments in Marketing and
Consumer Behavior

Energy labels contribute significantly to consumers' under-
standing of energy efficiency, and consumers use energy labels
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when forming attitudes about products, within Europe (Andor
et al. 2020; Sammer and Wiistenhagen 2006; Skourtos et al. 2021;
Stadelmann and Schubert 2018; Thegersen 2002) and beyond
(Andika et al. 2025; Asif et al. 2023; Basiru et al. 2024; Davis and
Metcalf 2016; Durmus Senyapar et al. 2024; Elmor et al. 2024;
Newell and Siikamiki 2014; Wang et al. 2019). For example,
Thegersen et al. (2024) studied the effects of different kinds of
eco-labels, finding that graded labels which provide more com-
prehensive information of available options were best at guiding
consumers toward more sustainable choices. Eco-labels serve the
function of revealing the environmental impact of consumer
products in a comprehensive way, and labels can therefore have
a large impact in shaping environmental attitudes.

One such attitude with direct managerial relevance is the
product's perceived environmental friendliness. When appli-
ances are perceived as environmentally friendly or energy effi-
cient, demand and willingness to pay increases (Beck and
Toulouse 2023; Faure et al. 2021; Pichierri and Pino 2023),
especially in environmentally conscious consumers (Akroush
et al. 2019; Baca and Reshidi 2025; Basiru et al. 2024; Wang
et al. 2019). Moreover, Sorqvist et al. (2013, 2015) showed that
eco-labels can induce a type of “green halo” effect that can
enhance both environmental and nonenvironmental stimulus
characteristics, further driving consumer's willingness to pay for
the products. We focus specifically on how scale features of
energy labels influence perceived environmental friendliness as
this appears to be strong determinant in consumer choice (Silva
et al. 2017; Pichierri and Pino 2023; Sorqvist et al. 2015).

2.2 | Contextual Information in Label Perception,
Judgment, and Decision Making

For an observer to form a meaningful understanding of a label,
it must be compared to something, as human judgments depend
in large part on context (Haubensak 1992; Parducci 1965;
Stewart et al. 2006). Here, context can be defined as stimuli in
the environment that a target can be meaningfully compared
with. And context effects are effects that arise when contextual
stimuli influence judgment of a target. The context can often
give a target stimulus meaning. Something can only be en-
vironmentally friendly, or energy efficient, if compared to
something else (Skog et al. 2025; Skog and Sorqvist 2025;
Tanner 2008; Thogersen et al. 2024). The three design dimen-
sions (letters, color-coding, and information about the scale's
range) of EU energy labels provide a context that gives indi-
vidual energy classes meaning by forming contextual points of
reference for judgments of a specific energy class.

Heuristics and biases have been proposed as a theoretical
framework for understanding the emergence of context effects
(Tversky and Kahneman 1974). On this view, people employ
heuristics—or rules of thumb—when they make judgments,
which sometime end up in biases (systematic judgment ten-
dencies, e.g., over- or underestimations) and often depart from
rational choice. Heuristics are typically seen as automatic and
spontaneous thought processes that make fast and largely
accurate decisions in everyday life possible, without the need of
elaborate and time-consuming thought processes (Gigerenzer
and Goldstein 1996). According to dual-process theory (Wason
and Evans 1974; Samson and Voyer 2012), human thought
processes can broadly be classified as either automatic (fast,

associative, reflexive, unconscious) or controlled (slow, rule
based, reflective, conscious). In this framework, heuristics are
often seen as part of the automatic, associative system of rea-
soning (Sloman 2002).

One such heuristic is “anchoring and adjustment” (Epley and
Gilovich 2006; Tversky and Kahneman 1974). When making a
judgment, people tend to select a starting (anchor) point and
then adjust until some criterion is satisfied. If a contextually
available stimulus has a high value (e.g., it is extremely en-
vironmentally friendly) and the judgment formation process
utilizes this as an anchoring point, the judgment of another
stimulus may be exaggerated (e.g., it is seen as very en-
vironmentally friendly) in comparison with a situation where
the contextually available stimulus has a low value instead (e.g.,
it is extremely environmentally unfriendly). Similarly, another
heuristic that can explain context effects is “availability”
(Tversky and Kahneman 1974). According to this heuristic,
people base their judgments on the accessibility or retrievability
of information from memory. For example, when speaking to a
friend about a recent restaurant visit, you might be asked
whether the restaurant appeared environmentally friendly. To
answer this question, you might attempt to recall vegetarian
dishes from the menu as you know these are typically more
environmentally friendly than their meat-based counterparts. In
contexts that facilitate recall of vegetarian dishes, the restaurant
will appear more environmentally friendly. A third heuristic
that might be worth mentioning is “representativeness”
(Tversky and Kahneman 1974). A product that appears repre-
sentative of environmentally friendly objects will be judged as
more environmentally friendly even if such representativeness
is misleading. A hamburger dish, for example, is perceived as
more environmentally friendly if served together with an
“organic” apple (Gorissen and Weijters 2016). Finaly, the “affect
heuristic” (Slovic et al. 2007) can play a central role in how
consumers perceive environmental friendliness. On this view,
people tend to place stimuli on a qualitative good-to-bad con-
tinuum, and base their judgments on this, often overlooking
quantitative details that could lead to less biased responses.

2.2.1 | Letters and Color Coding

In our examination of the key features of EU's energy labels, we
first consider how the letters and color-coding (Figure 1) can
help people organize their judgments. The letters provide
meaningful contextual information for how consumers should
organize their judgments of different energy classes. Letters
with lower ranks (e.g., “C” and “D”) are intuitively associated
with lower environmental friendliness than letters with higher
ranks (e.g., “A” and “B”) (at least to people who are familiar
with the Latin alphabet [A-Z]). Past research has shown that
observers find it difficult to distinguish the “A+” classes in the
old scale (Heinzle and Wiistenhagen 2012). From this, we might
expect a compression in the perceived environmental friendli-
ness of the “A+” classes. Consequently, we would expect the
two functions for ratings of energy classes from the two scales to
be different: ratings of the old scale (A+++ to D) should follow
a nonlinear, skewed, response function with dense ratings
of the highest energy classes, while ratings of the new scale
(A to G) should follow a more linear response function
(Hypothesis 1a). Moreover, products labeled with the old scale
are perceived as more sustainable than their new scale
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counterparts (Stasiuk and Maison 2022). We can therefore ex-
pect generally higher ratings of environmental friendliness in
the old scale's energy classes (Hypothesis 1b). This could be
driven by an inflated perception of environmental friendliness
for the “A+” classes.

The energy labels' color-coding is based on the green-red color
spectrum. This is an intuitive choice for most Western observers,
where this “traffic light” system conveys that green is high, yel-
low is middle, and red is low in terms of energy efficiency (e.g.,
Thegersen and Nielsen 2016). Hence, this “traffic light” scale
communicates relative performance, a contextual cue that facil-
itates comparisons across consumer options (e.g., Grankvist
et al. 2004; Thegersen and Nielsen 2016). Consequently, color-
coding might also provide a meaningful contextualizing base for
consumers to organize their judgments, similar to that provided
by letters. The color green is often associated with positive at-
tributes such as healthy (Schuldt 2013) and environmentally
friendly (Seo and Scammon 2017). Label colors can have various
effects on consumers' decisions and perceptions. For example, an
eco-label with a less intense green color can make a product
appear more environmentally friendly—in comparison with a
more intense counterpart—and by extension influence consum-
ers' purchase intentions (Pichierri and Pino 2023). Eco-labeling
can also interact with the color of the product in their effects on
product perception, suggesting that perception is simultaneously
shaped by visual (color) and cognitive, expectancy-based (label)
inputs (Shankar et al. 2009; see also Sorqvist et al. 2013). Simi-
larly, perception of a product's eco-friendliness can depend on
the match (and mismatch) between how consumers cognitively
classify a product (e.g., meat being an “environmentally harmful”
product) and the color of product packaging (green signaling
environmental friendliness vs. red signaling environmental
harmfulness) (Sucapane et al. 2021).

A question that arises is whether colors or letters carry more
weight in the decision-making process. The present study aims
to discover which cue is more influential for consumers’ un-
derstanding of energy labels. According to the cue-utilization
framework (Cox 1962; Sullivan and Burger 1987), observers use
and integrate cues in the decision-making process (Slovic 1966).
An example of this integration process comes from a study by
Pancer et al. (2017), who found that a green color alone, or a
(noncolored) environmental label alone, has a smaller effect on
sustainability perception compared to when the two cues are
combined (i.e., a green eco-label). The authors proposed that
this occurs because a single cue is more ambiguous than the
two cues in combination. Consumers use these cues and assign
them relative weight as a basis for decision making (Cox 1962).
For example, “green” core attributes can dominate more
peripheral attributes in product purchase decisions (Mei
et al. 2025). Furthermore, cues that are fluently processed (Shah
and Oppenheimer 2007) or salient (Easterbrook 1959) have a
larger weight in the decision process.

Depending on the weight observers of EU's energy labels assign
to letters or colors in the judgment process, the judgment of a
certain energy class may vary. For example, energy class “A”
has a yellow color code in the old scale (Figure 1A). If color has
a high weight in the judgment process, this energy class should
be seen as relatively low in environmental friendliness. More-
over, when the energy labels are presented in color rather than
black and white, the perceived environmental friendliness of

energy class “A” should drop. In turn, if the letter is given more
weight, the environmental friendliness of this energy class may
still be seen as relatively high, regardless of whether the energy
labels are presented in color or black and white. Past research
indicates that “traffic light” colors can have a larger effect than
text-based information on a consumer's decision to make pro-
environmental choices (Bengart and Vogt 2023). This could be
because colors may attract more attention than their text-based
counterpart (Lurie and Mason 2007). If the color-coding of
energy labels has a higher weight than letters in judgments of
environmental friendliness, we would expect little difference in
judgments of EU's old and new scale, since their color-coding is
identical (Figure 1A).

However, the color-based information in the study by Bengart
and Vogt (2023) comprised a continuous visual-analog scale,
whereas the text-based information comprised an exact carbon
dioxide value. Other research has also shown that absolute CO,
emission values on labels have no effect on consumer decisions
(Holenweger et al. 2023), perhaps because these are much more
difficult to interpret and understand than their color counter-
part. This is different from the letters on the EU labels, which
comprise a sequence of symbolic letters representing categorical
degrees of energy efficiency. Moreover, the letters are super-
imposed on the color, perhaps making them a more salient cue.
In this case, we might expect letters to gain more weight than
colors in the decision-making process.

Taken together, if letters have a higher weight than color, then
observers should perceive energy labels similarly when energy
labels are presented in color as when they are presented in black
and white (Hypothesis 2a). Conversely, if color has a higher
weight than letters, then observers should perceive energy labels
differently when energy labels are presented in color than when
they are presented in black and white (Hypothesis 2b).

2.2.2 | Range Knowledge

Next, we turn to the range of the scale, a third key feature of
EU's energy labels (Figure 1). According to the range-frequency
theory (Parducci 1965, 1968), observers organize their responses
based on the range of available stimuli. Information about the
scale's range can have a strong impact on how observers orga-
nize their ratings of different energy classes. This is dependent
on knowledge of the highest and lowest values (i.e., the end-
points) in the stimulus distribution. For example, an observer
faced with an energy label “A” is likely to be influenced by
whether they know that “A” is the highest of seven possible
energy classes (as it is in the new energy scale, ranging from
“A” to “G”; Figure 1) or the fourth position of the scale (as in
the old energy scale, ranging from “A++4” to “D”; Figure 1). If
the observer does not have this knowledge, it is more difficult to
contextualize the energy class appropriately. Thus, the under-
standing of an energy class (e.g., “A”) will depend on which
scale it belongs to and the observers' knowledge of scale range
(cf. Skog and Sorqvist 2025). Given knowledge of the scale's
range, the observer will be able to make an informed judgment
based on thorough understanding of the to-be-evaluated stim-
ulus, in the context of the scale.

Such “range knowledge” can be provided externally, for ex-
ample, by presenting information about the scale range on the
energy label. For the EU energy label, scale range is shown by
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presenting the top and bottom letter with an arrow between
them, next to the energy class (Figure 1). Even without this
externally provided scale-range information, an observer can
use other cues such as experience or knowledge (Birnbaum and
Rouvere 2023) to intuitively organize the energy classes. Of
relevance here is past knowledge of the alphabet and the “traffic
light” color coding, which both can provide an intuitive idea
about the scale's endpoints. There are thus multiple ways that
an observer can grasp the scale's range.

The old and new energy scales are organized such that they
begin with A (Figure 1); a choice where the beginning of the
alphabet can be an intuitive contextual reference that is likely to
convey a message of “high” energy efficiency. If no additional
information about range is provided, the alphabet can still be a
strong cue to how energy classes should be organized, and “A”
comprises an intuitive boundary of the scale, since this is the
beginning of the alphabet. In other words, even without ex-
ternal range information, an observer can use their knowledge
about the alphabet to intuitively form an idea about the scale's
starting point.

If the energy scale instead runs from an arbitrary starting point,
let's say from “K” to “Q” instead of “A” to “G”, observers should
find it difficult to contextualize an energy class, especially if no
external information about scale range is provided. If an
observer is presented with a product with energy class “L” and
asked to rate its environmental friendliness, ratings will prob-
ably be more organized if the observer is also told that the range
runs from “K” to “Q.” Without this external scale range
knowledge, the observers' prior knowledge about the alphabet
will be quite unhelpful. Instead, prior knowledge about color
coding can be relatively helpful.

Taken together, providing observers with external information
about scale range by presenting the range on the energy labels
(Figure 1) should have an effect on observers' ratings as this
information helps observers contextualize energy classes
(Hypothesis 3a). Furthermore, external information about scale
range should have a stronger effect on observers' responses
when their prior experience (e.g., with color-coding or the
alphabet as an organization principle) is not useful, such as
when energy classes are presented in black and white
(Hypothesis 3b) or when the letters run from “K” to “Q” or
some other letter set that does not include the intuitive starting
point of the alphabet (Hypothesis 3c). Conversely, when prior
knowledge can help organize the energy classes meaningfully
(e.g., color coding, from green to red), external scale range
information will be less impactful.

3 | Research Gap and Study Overview

The primary aim of the present study is to evaluate how dif-
ferent stimulus features (letters, color-coding, and information
about the scale's range) influence judgments, with a particular
focus on explaining how these stimulus features provide con-
textual information to support judgments. While previous
research has looked at how scale features such as color
(Pichierri and Pino 2023) and number of categories (Thegersen
et al. 2024; Zhong et al. 2025) influence consumer perception
and made direct comparisons between EU's old and new eco-
design (Stasiuk and Maison 2022), this is the first study that

conducts a systematic investigation of how energy labels’ stim-
ulus dimensions interact in their effect on consumer perception.
Furthermore, the critical role of scale range knowledge in con-
sumer perception of energy labels has (to the best of our
knowledge) never been explored before. In a series of three ex-
periments, we evaluated how different stimulus/design features
in the energy labels contribute to perceptions of environmental
impact by manipulating the three stimulus dimensions (letters,
color-coding, and information about the scale's range).

A summary of our hypotheses, supporting literature and the
novel contribution of the present study is shown in Table 1. The
following hypotheses were tested:

Hla. Environmental friendliness ratings of energy classes in
the old scale (A+++ to D) will follow a nonlinear, skewed,
function with dense ratings of the highest energy classes, while
ratings of energy classes in the new scale (A to G) will follow a
more linear function (on the assumption that categorical letter
cues are given more weight than color cues during judgment).

H1b. Environmental friendliness ratings of energy classes in the
old scale (A+++ to D) will be higher than ratings of energy classes
in the new scale (A to G) (on the assumption that categorical letter
cues are given more weight than color cues during judgment).

H2a. There will be no difference in environmental friendliness
ratings of energy classes presented in color and corresponding
ratings of energy classes presented in black and white (on the
assumption that color cues provide no additional effect beyond
that which is given by the categorical letter cues during judgment).

H2b. There will be a difference in environmental friendliness
ratings of energy classes presented in color and corresponding
ratings of energy classes presented in black and white (on the
assumption that color cues provide an additional effect beyond
that which is given by the categorical letter cues during judgment).

H3a. There will be a difference in environmental friendliness
ratings of energy classes depending on whether participants are
informed about scale range before ratings: Range knowledge
should facilitate discrimination of energy classes.

H3b. The effect of informing participants about scale range
before ratings will be larger when energy classes are presented in
black and white compared to when they are color-coded (as color-
coding may provide a separate contextual cue).

H3c. When energy classes are based on an unintuitive scale of
letters (“K” to “Q”), other contextual cues (e.g., range knowledge)
will become even more important for discriminating energy classes.

Experiment 1 and 2 investigated the effects of using two different
scales; one scale ranged from letters A to G (new scale), and the
other scale ranged from letters A+++ to D (old scale). These
experiments tested Hla and H1b. Furthermore, in Experiment 1,
all energy labels were “traffic light” color-coded versions, where
the most energy efficient label was green, and the least energy
efficient label was red (Figure 1A). This was changed in Experi-
ment 2, which was an exact copy of the first experiment but with
strictly black and white energy labels (Figure 1B). Differences
across these two experiments can thus reveal the impact of color-
coding, testing H2a and H2b.

Across all experiments, we evaluated the contextualizing effects
of having knowledge of the scale's range—knowing, or not
knowing, the endpoints of the scale (e.g., knowing that “A” is
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TABLE 1 | Overview of hypotheses, supporting literature, and novel contribution of the present study.

Hypotheses

Key supporting literature

Novel contribution from the present study

Hla: Environmental friendliness ratings of
energy classes in the old scale (A+++ to D)
will follow a non-linear, skewed, function
with dense ratings of the highest energy
classes, while ratings of energy classes in the
new scale (A to G) will follow a more linear
function

Maison (2022)

H1b: Environmental friendliness ratings of
energy classes in the old scale (A+++ to D)
will be higher than ratings of energy classes
in the new scale (A to G)

H2a: There will be no difference in
environmental friendliness ratings of energy
classes presented in color and corresponding
ratings of energy classes presented in black
and white

H2b: There will be a difference in
environmental friendliness ratings of energy
classes presented in color and corresponding
ratings of energy classes presented in black
and white

H3a: There will be a difference in
environmental friendliness ratings of energy
classes depending on whether participants
are informed about scale range before
ratings: Range knowledge should facilitate
discrimination of energy classes

H3b: The effect of informing participants
about scale range before ratings will be
larger when energy classes are presented in
black and white compared to when they are
color-coded

H3c: When energy classes are based on an
unintuitive scale of letters (“K” to “Q”),
other contextual cues (e.g., range
knowledge) will become even more
important for discriminating energy classes

Heinzle and Wiistenhagen
(2012); Stasiuk and

Stasiuk and Maison (2022)

Easterbrook (1959); Shah and
Oppenheimer (2007); Tversky
and Kahneman (1974)

Bengart and Vogt (2023);
Holenweger et al. (2023);
Lurie and Mason (2007)

Parducci (1965); Skog et al.
(2025); Skog and
Sorqvist (2025)

Parducci (1965); Skog et al.
(2025); Skog and
Sorqvist (2025)

Parducci (1965)

Measurement of the functions describing the
relations between energy classes and perceived
environmental friendliness

Measurement of the perception of individual
energy classes

Testing how consumers assign relative weight
to label cues when determining environmental
friendliness

Testing how consumers assign relative weight
to label cues when determining environmental
friendliness

Testing the role of scale range knowledge in
the context of energy/eco labeling

Testing the relative importance of scale range
knowledge vs. color-coding in energy/eco
labels

Testing the relative importance of different
contextualizing cues in energy/eco labels

the most energy efficient energy class, and that “G” is the least
energy efficient energy class). Experiment 1 and 2 tested H3a
and H3b. To complement the first two experiments, Experiment
3 used a scale with a very unintuitive range of letters (K to Q)
with the aim of isolating the contextualizing effects of color-
coding and knowledge of the scale's range. Thus, Experiment 3
targeted H3c, but also H3a and H3b.

4 | Experiment 1 and 2

The study centered on how different stimulus features in energy
labels contribute to judgments of environmental friendliness.
Experiment 1 and 2 had a high degree of methodological sim-
ilarity, and the only difference was the presence (Experiment 1;
Figure 1A) or absence (Experiment 2; Figure 1B) of color-
coding for the energy labels. We thus provide a joint declaration
of the methods of the two experiments. Both experiments

focused on the differential effects of the new (A to G) and old
(A+++ to D) scales of energy labels, and the effects of providing
observers with knowledge of the scale’s range. Our discussion of
the results will first cover each experiment's results in sequence,
followed by a comparative synthesis of both experiments.

41 | Methods
4.1.1 | Participants

Two hundred and fifty-six (123 female, 133 male, mean
age =47.5 years, SD = 13.9) participants took part in Experiment 1.
Participants were recruited via Prolific (www.prolific.com) in this
internet-based study. All participants were native English speakers
who resided in the United Kingdom, who reported normal or
corrected-to-normal vision and no color-blindness. The sample size
was determined using a two-tailed a-priori power analysis in
G*Power (Faul et al. 2007). We assumed that the targeted effects
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would be of medium size (Cohen's d = 0.5). This assumed effect size
can be considered generic, as we had no appropriate available data
to base our assumption of effect size on. With power (1-f error
probability) set to 0.80 and with an a=0.05, the required sample
size was N=64 in each group. We thus collected data from 256
participants, 64 in each group, and no participant was excluded
from the analysis. Participants were compensated with £0.45 for a
total study time of around 2-3 min.

Following the same procedure as above, 256 participants who
had not taken part in Experiment 1 were recruited for Experi-
ment 2 (127 female, 129 male, mean age = 46.7 years, SD = 13.9).

4.1.2 | Materials

The experiment was created using PsychoPy (version 2024.2.2,
Peirce et al. 2019) and ran online with Pavlovia. Participants ac-
cessed the experiment via a hyperlink on Prolific. The experiment
ran in the participants’ browser on their own desktop computers,
and a mouse and keyboard were required for participation.

The stimulus material presented on each trial was an image of an
oven, paired with an energy label. The rest of the screen had a mid-
gray background. Seven PNG images of different ovens were cre-
ated with the assistance of a web-based artificial intelligence service.
The ovens were similar in appearance, all had a steel-colored ex-
terior, a dark glass window on the door, and a black electric stove
top with four burners. All ovens were shown in “canonical” view-
points. The stove tops were visible in all seven oven images. Four
ovens had a front-facing profile, and three ovens were rotated about
the z-axis by around 30%, revealing the side of the oven. The
background in these square oven images was a neutral light gray.
See Appendix A and Figure Al for the seven oven images.

Energy labels were of the “Class arrows” type, made available
by the EU in PNG format on the file exchange tool CIRCABC.
In this study, we made edited versions based on these energy
labels to suit our experimental manipulations. The energy labels
used in Experiment 1 were color-coded (Figure 1A) and the
labels used in Experiment 2 were shown in black and white
(Figure 1B). The labels contained a visual indicator of the scale
range, in the style of an arrow pointing from the lowest avail-
able energy class to the highest (see, e.g., the top row of energy
label stimuli in Figure 1A). For our experimental manipulation,
we created copies of these energy labels with removed range
indicators (“Range not shown” in Figure 1). We used two scales
of energy labels, defined by their letters (Figure 1). The new
scale had letter scale boundaries A to G (energy classes A, B, C,
D, E, F, and G), and the old scale had letter scale boundaries A+
++ to D (A+++, A++, A+, A, B, C, and D).

The size of the stimulus images was standardized based on the
participant's monitor height, such that an image of an oven
occupied a square 40% of the participant's monitor height. Each
oven image was shown in the center of the screen, and an
energy label was shown immediately to the center-right of it,
with no blank space between or overlapping of images. Energy
labels were smaller than the oven images, occupying 10% of the
monitor's height with an aspect ratio of 5:3.

4.1.3 | Design and Procedure

Both Experiment 1 and 2 were mixed factorial designs, with
three factors: 2 (Knowledge of range: range shown, range not

shown [between-participants factor]) x 2 (Scale boundaries: A
to G, A+++ to D [between-participants factor]) x 7 (Energy
class: 1st, 2nd, 3rd, 4th, 5th, 6th, 7th [within-participants fac-
tor]). The Knowledge of range factor determined whether par-
ticipants were shown information about the scale’s range, that
is, the lowest and highest possible energy classes. Half of all
participants were shown this information, and half were not
shown this information (see Figure 1). Participants were ran-
domly assigned into groups that made up the between-
participants conditions. The Scale boundaries factor determined
the letters used as steps on the stimulus scale, which ranged
from A to G (new scale) or A+++ to D (old scale). Half of all
participants encountered one scale, and the other half en-
countered the other scale (see Figure 1). All participants en-
countered seven energy classes, and this Energy class factor was
the only within-participants factor. There were seven trials in
the experiment, one per energy class. Participants were not
forewarned about how many trials they would complete.

The study was advertised on Prolific as a study on “Energy
efficiency and environmental impact.” Participants provided
informed consent by button press before beginning the experi-
ment. Upon beginning the experiment, participants in all con-
ditions encountered some instructions on what the experiment
would entail, which stated: “You will judge the environmental
friendliness of different ovens. All the ovens run only on elec-
tricity, and they also have built-in electric stove tops that can be
used for cooking with pots and pans. Each oven also has an
Energy Label that indicates how energy efficient the oven is.
The energy labels divide the ovens into energy classes. The
energy classes are characterized by a letter and a color. For
example, energy class B is more energy efficient than energy
class C.” Participants pressed any key on their keyboard to
continue. Instructions did not inform any participants of the
color-coding in the energy labels. In Experiment 1, color-coding
was always green-red in the order of best-to-worst in terms of
energy efficiency (Figure 1A). In Experiment 2, there was no
color-coding (Figure 1B).

The participants who were provided with knowledge of the
scale's range were also told, on the initial instruction screen,
that “Energy labels also display the range of possible energy
classes. The least energy efficient energy class is G (or D,
depending on condition), and the most energy efficient energy
class is A (or A+++, depending on condition).” Participants
who were provided with this foreknowledge of the scale's range
encountered a second instruction screen where they were asked
to confirm that they had understood that the least energy effi-
cient energy class is G (or D, depending on condition), and the
most energy efficient energy class is A (or A+++, depending on
condition). Participants were to click an on-screen button with
their cursor to confirm that they understood. They were then
prompted to start the experiment by an additional button press.

Each trial started with a paused screen with text prompting
participants to be prepared to rate the environmental friendli-
ness of the next oven. Participants clicked the spacebar button
to view and rate a new stimulus. Stimulus images of ovens and
energy labels appeared in an independently random order
across the trials. This random order was different for each
participant, and there was no systematic pairing of ovens and
energy labels. Below the stimulus images was a rating response
scale that participants would click to give a response. The
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response scale had 11 response options. The first (leftmost) scale
response option read: “Not environmentally friendly,” and the ele-
venth (rightmost) scale response option read: “Very en-
vironmentally friendly.” Trials were not limited in duration, and the
stimulus was shown until a rating-scale response ended the trial.
Upon responding to all seven trials, a debrief screen was shown that
informed participants of the aims and expected value of the study.
Participants were then finished and taken back to Prolific.

4.1.4 | Data Availability and Transparency

This article fully declares its hypotheses, statistical power esti-
mates, materials, design, analyses, and results. Statistical
analyses were conducted using Jamovi (version 2.3.28.0). The
reported experiments were not preregistered. The data for all
three experiments are publicly available via the Open Science
Framework (https://doi.org/10.17605/OSF.I0/QXBER).

4.2 | Results and Discussion

Figure 2 shows the results of both experiments. Our declaration and
discussion of results will first cover Experiment 1 then Experiment
2, followed by a comparative synthesis of both experiments.

4.2.1 | Results of Experiment 1

Each participant provided responses to seven trials, one per
energy class. The top panels of Figure 2 show the results of
Experiment 1. Our analyses focused on the effects and in-
teractions of the experimental factors Knowledge of range
(range shown, range not shown), Scale boundaries (A to G,
A+++ to D), and how these factors interacted across the
seven energy classes. To analyze the influence that these
factors had on judgments of environmental friendliness, we
used a repeated measures 2 (Knowledge of range: range
shown, range not shown) X 2 (Scale boundaries: A to G, A+
++ to D) x 7 (Energy class: 1st, 2nd, 3rd, 4th, 5th, 6th, 7th)
mixed analysis of variance (ANOVA) that was adjusted with
a Greenhouse-Geisser correction. The full results of the
ANOVA are shown in Table 2. As expected, there was a
large main effect of energy class (p < 0.001), and the pattern
of results in Figure 2 indicates that participants easily
understood that the energy labels are arranged in order,
conveying different levels of environmental impact, from
best to worst. This manipulation check indicates that the
energy classes of both scales were comprehended. The
between-subjects factors will be referred to in brief as
“range,” meaning the Knowledge of range factor, and
“scale,” meaning the Scale boundaries factor.

Experiment 1

Color-coded
energy labels

Rating of environmental friendliness
[e)]

Experiment 2

Black and white
energy labels

ScaleAto G Scale A+++to D
range shown
107 ¥ —4— range not shown *
A B C D E F G A+++ A++ A+ A B C D
A B C D E F G A+++ A++ A+ A B C D

Rating of environmental friendliness
()]

Energy class

FIGURE 2 |

Energy class

Results of Experiment (1A and B) and Experiment (2C and D). Error bars represent the standard errors of the means.
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4.2.2 | The Letters on the Scale Matter

There was a highly significant main effect of scale (p <0.001;
Table 2). The A+++ to D scale tended to produce on average
higher ratings than the A to G scale (compare panels A and B in
Figure 2), indicating that participants believed that ovens labeled
using the A+++ to D scale were more environmentally friendly
than ovens labeled using the A to G scale. This suggests that
participants assigned more weight to letters than color-coding
when making their judgments (confirming Hypothesis 1b), as
this large difference across the scales emerged despite the two
scales having identical color-coding. Letters were a dominant cue
for judgments. The middle of each scale was a yellow-colored D
(A to G scale), and a yellow-colored A (A+++ to D scale). These
two points on the scale can be considered equal, in the sense that
they are the middle (fourth) energy class with yellow color. But
the average ratings in the two scale conditions differed by 3.62
points on the 11-point response scale (compare panels A and B in
Figure 2). A Mann-Whitney U test confirmed the significance of
this very large difference, U(254) = 853, p < 0.001. The A+++ to
D scale thus tended to inflate judgments of environmental
friendliness compared to the A to G scale.

Moreover, the scale factor produced a strong interaction with the
energy classes (p < 0.001). The A to G scale produced a more stable
and linear trend across energy classes than the A+++ to D scale
(compare panels A and B in Figure 2). The response curve across
the energy classes with the A+++ to D scale shows a ‘knee’
function that bends around the middle of the scale; participants
were more discriminative across energy classes A, B, C, and D,
and less discriminative across energy classes A+++, A++, A+,
and A (Figure 2B), indicating a skewed and biased response
pattern. In contrast, participants’' responses were more evenly
spaced across the energy classes with the A to G scale
(Figure 2A). This difference across the scales was formally con-
firmed by a new repeated measures ANOVA that compared 2
(higher vs. lower ends of the scale) x 3 (three energy classes) X 2
(scale A to G vs. scale A+++ to D), where the key three-way
interaction was significant, F(1.71, 433.46) =134.57, p <0.001,
nzp =10.346, and produced a very large effect. These behavioral
results offer support for the efforts to rescale EU energy label
scales towards A to G, and we recommend the phasing out of the
A+++ to D scale, since it produces a lower degree of scale-step
discriminability at the higher ends of the scale (the “A+” clas-
ses). We conclude that the A+++ to D scale can inflate the
perceived environmental friendliness of labeled products

(confirming Hypotheses 1b) and reduce an observer's ability to
interpret the difference between energy classes. Especially the
top “A+” classes were less distinct, confirming Hypothesis 1a.

4.2.3 | The Role of Contextual Information

The present study focuses on how contextual information is
used in energy labeling and how such context influences en-
vironmental judgments. Without sufficient contextual infor-
mation, judgments can become unreliable and unorganized
(Parducci 1965; Stewart et al. 2006). We expected that the effects
of having knowledge of the scale’s letter range might interact
across the energy classes, as the letter range knowledge could
provide participants with beneficial contextual information that
would help them tell apart energy classes (Hypothesis 3a). For
example, knowing the endpoints of the scale (i.e., best and
worst letter) should help participants to better organize their
responses on the scale (Parducci 1965, 1968). But we were also
open to the possibility that the green-red color-coded scale,
which was used for all stimuli in Experiment 1 (Figure 1A),
might provide adequate contextual information on its own, if
participants assume that a green and red energy label is the
most and least energy efficient, respectively. This might be
revealed by no interaction between energy class X range
knowledge. This latter prediction was confirmed, as indicated
by no significant interaction between energy class X range
(p =0.140; Table 2). Furthermore, there was no three-way
interaction between energy class X range X scale (p=0.244),
which indicates that any effects of range were not reliably en-
gaged more with one scale than the other. This suggests that
both letter scales, with color-coding, produced robust ratings
that range knowledge did not significantly alter. This suggests
that range knowledge did not add contextualizing information
beyond that which was already given by the other stimulus
characteristics—Iletters and colors. Thus, Hypothesis 3a was not
supported by Experiment 1.

For completeness, we report that there was no main effect of
range (p=0.101), but that there was a significant interaction
between range X scale (p <0.001). This interaction is of less
interest to us, but it shows that seeing the range tended to
increase ratings in the A to G scale (Figure 2A) but lower rat-
ings in the A+++ to D scale (Figure 2B). A supplementary
analysis treated the self-reported demographic variables age as a
covariate and sex as a between-participants factor. This revealed

TABLE 2 | Results of a repeated measures ANOVA for the full Experiment 1.

Factor df F value p value 1721,

Energy class 2.36, 594.55 841.68 < 0.001 *** 0.770
Range 1, 252 2.71 0.101 0.011
Scale 1, 252 342.12 <0.001 *** 0.563
Energy class X range 2.36, 594.55 1.92 0.140 0.008
Energy class X scale 2.36, 594.55 40.80 <0.001 *** 0.139
Range X scale 1, 252 13.65 <0.00]1 *** 0.051
Energy class X range X scale 2.36, 594.55 1.41 0.244 0.006

Note: Energy class reflects the Energy class factor with seven levels. Range reflects the Knowledge of range factor with two levels. Scale reflects the Scale boundaries factor

with two levels.
% < 0,001,
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no effects of age, but sex produced a three-way interaction with
energy class X range X sex, F(2.4, 595.35)=3.09, p=0.037,
7°p = 0.012. Female participants were more influenced by range
than male participants. Range helped female participants make
a greater distinction between energy classes, compared to when
no range was shown (energy class X range for only female
participants, F(2.59, 311.14)=4.19, p = 0.009, 7)2[, =0.034), in
partial support for Hypothesis 3a. This is consistent with pre-
vious findings which have suggested that females can be more
sensitive to contextual cues than males (Meyers-Levy and
Maheswaran 1991; Meyers-Levy and Sternthal 1991). However,
the lack of a basic interaction between energy class X range
(p=0.140; Table 2) suggests that the effects of range were
unreliable and should be tested with different experimental
parameters. The role of range knowledge will be examined
further in both following experiments. We now turn to discuss
the results of Experiment 2, which studied the effects of range
when there was no color-coding in the energy labels. Later, we
declare Experiment 3 which took the stimulus manipulation
one step further in a study of the effects of range with a very
unintuitive letter scale, in a factorial design which also eval-
uated the effects of color versus no color.

4.2.4 | Results of Experiment 2

As for Experiment 1, our analyses focused on the effects and
interactions of the mixed 2 (Knowledge of range: range shown,
range not shown)x 2 (Scale boundaries: A to G, A+++ to
D) x 7 (Energy class: 1st, 2nd, 3rd, 4th, 5th, 6th, 7th) design,
which was analyzed with a corresponding repeated measures
ANOVA that was adjusted with a Greenhouse-Geisser correc-
tion. The full results of this ANOVA are shown in Table 3, and
the data from Experiment 2 are visualized in the bottom panels
of Figure 2.

The effects of the two scales (A to G vs. A+++ to D) replicated
the results previously seen and discussed in Experiment 1; there
was a main effect of scale (p < 0.001) and an interaction across
scale X energy classes (p <0.001). Again, we see the same
tendency in results where the new A to G scale produced a
more linear trend in ratings across energy classes (Figure 2C),
whereas ratings of the old A+++ to D scale tended to be less
discriminating in the upper ends of the scale than in the lower
ends of the scale (Figure 2D), indicating biased and skewed
responses. This again confirms Hypotheses la and 1b and
reinforces our suggestion that the A+++ to D scale is worse

than the A to G scale, as it can impair an observer's ability to tell
apart scale steps, and it can cause an inflation in perceived
environmental friendliness.

4.2.5 | The Effect of Range Knowledge—Without Color-Coded
Energy Labels

Experiment 2 was a direct replication of Experiment 1 except
energy labels were presented in strictly black and white, with
no color-coding (Figure 1). Experiment 2 thus serves to re-
evaluate Hypothesis 3a without any influence of color-coding in
energy labels. We expected that the influence of range might be
stronger in the absence of color (Hypothesis 3b), which should
lead to a significant interaction with range across the energy
classes. Color was suspected of having provided “range-like”
contextual information in Experiment 1, thus the removal of
color-coding may increase the participants’ reliance on range
information, as range hypothetically becomes a relatively more
important contextual cue in the absence of color-coding
(Hypothesis 3b). We were interested in the possible context
effect provided by color-coding, as, according to EU directives,
energy labels may be printed in black and white. The black and
white energy labels thus exist in real world applications, and as
far as we are aware, there exists no available evidence on the
behavioral effects of removing color from energy labels.

The primary aim of Experiment 2 was to investigate whether
knowledge of range would have an impact on ratings of energy
classes, now that color was removed from the energy labels.
Range did have a significant interaction across energy classes
(p <0.001, Table 3) without color (supporting Hypothesis 3a
and 3b). This contrasts with the results of Experiment 1 (which
used color), where this interaction failed to reach significance at
p=0.140 (Table 2). This suggests that color likely provided
contextual information, where participants could organize their
ratings from high-low environmental friendliness based on
green-red color in the energy labels (supporting Hypothesis 3b).
Consistent with Hypothesis 3b, range knowledge was more
impactful for organizing rating responses when color-coding
was not available. We interpret this, as a more general rule, to
mean that one contextual cue becomes relatively more
impactful when there are fewer other contextual cues available.

This has applied implications, as we demonstrate behavioral
evidence that information about the scale's range is even more
important in cases when energy labels are printed in black and
white. EU energy labels may be printed in black and white in

TABLE 3 | Results of a repeated measures ANOVA for the full Experiment 2.

Factor df F value p value 1721,

Energy class 2.44, 615.62 1182.61 < 0.001%*** 0.824
Range 1, 252 3.06 0.081 0.012
Scale 1, 252 378.13 < 0.001%** 0.600
Energy class X range 2.44, 615.62 10.41 < 0.001%** 0.040
Energy class X scale 2.44, 615.62 61.08 < 0.001%** 0.195
Range X scale 1, 252 17.85 < 0.001%*** 0.066
Energy class X range X scale 2.44, 615.62 0.38 0.724 0.002

Note: Energy class reflects the Energy class factor with seven levels. Range reflects the Knowledge of range factor with two levels. Scale reflects the Scale boundaries factor

with two levels.
% < 0,001,
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visual advertisement when color printing is not used. Without
color, information about the scale's range can be of special
utility for understanding energy labels. Evidence that responses
were more organized with range knowledge can be seen in the
details of the bottom panels of Figure 2. The interaction maxi-
mizes at the extreme ends of the scales (1st and 7th energy
classes; Figure 2C,D), where participants who were not shown
range information (blue data) rated the ends of the stimulus
scales (x-axis of Figure 2C,D) as farther from the ends of the
response scale (y-axis of Figure 2C,D) compared to participants
who were shown range information (gold data). This was seen
at all ends of the energy classes in Figure 2C,D, except for the
“A+++" class (Figure 2D), where both groups appear to have
been at a similar response ceiling. This indicates that range
knowledge helped participants to tell apart the energy classes,
supporting Hypothesis 3a and 3b. A supplementary analysis on
demographic variables found no effects of age, and sex did not
significantly alter the effects of range knowledge.

4.2.6 | Synthesis of Experiment 1 and 2 and Cross-Experiment
Analysis

However, as can be seen when comparing the top and bottom
panels of Figure 2, representing the results of Experiments 1
and 2, respectively, the two experiments produced very similar
overall results. Judgments tended to be dominated by the letters
more so than color-coding or range knowledge (confirming
Hypothesis 2a, and disconfirming Hypothesis 2b). Therefore, we
formally tested if the effects of having color-coded energy labels
versus having black and white energy labels were reliable in a
cross-experiment analysis (with comparisons across Experiment
1 and 2). This analysis covers all panels of Figure 2. Here, we
focused on the range X energy class X color (Experiment) three-
way interaction, for each of the two scales separately (A to G
and A+++ to D). The first analysis evaluated the differential
effects of range X energy class X color for the A to G scale
(cf. Figure 2A,C), which found no significant interaction,
F(2.13, 536.29) = 1.12, p =0.331, 772p =0.004. The second anal-
ysis evaluated this three-way interaction for the A+++ to D
scale (cf. Figure 2B,D), and similarly found no interaction, F
(2.33, 586.62) =1.19, p=0.310, 7721, =0.005. This suggests that,
while the range X energy class interaction was significant
without color-coding (p < 0.001; Experiment 2; Table 3) but not
with color-coding (p = 0.140; Experiment 1; Table 2), the effect
of color on range X energy class was statistically unreliable and
should be evaluated further (thus undermining the support for
Hypothesis 3b). The lack of a three-way interaction, where color
did not significantly alter the range X energy class interaction
with these two scales, further suggests that the letters in both
scales are very strong cues that participants rely on to organize
their rating responses. Our Experiment 3 therefore used a far
less intuitive letter scale to isolate the effects of color-coding and
range knowledge on energy class ratings.

5 | Experiment 3

Experiment 3 was like the first two experiments, but it used a
very unintuitive letter scale (K to Q), instead of the more
intuitive and typical scales A to G or A+++ to D. In both of
these traditional scales, participants are likely to assume that

“A” (and its variants with added “+” signs) represents a good
energy rating, as the beginning of the alphabet provides an
intuitive “high point.” However, if the letter “K” represents the
best available energy class, participants are not likely to believe
that the “K” class is a good energy rating unless there are
some other forms of contextualizing cues that can inform par-
ticipants of the scale's boundaries (Hypothesis 3c). We expected
that range knowledge (Hypothesis 3a) and color-coding
(Hypothesis 3b) can provide these types of contextual cues.
Further, the previous two experiments have shown that, while
range and color-coding can have some impact on judgments,
the impact is relatively small; most of the response variance is
explained by the letters. Therefore, with an unintuitive letter
scale, we expected the effects of range knowledge and color to
be stronger in Experiment 3 than in the first two experiments
(Hypothesis 3c). Experiment 3 also examined whether range
knowledge and color-coding provide equally strong contextual
cues. We expected that range knowledge would provide a
stronger cue to the scale’s context than the color-coding, since
information about the range of letters is a more explicit design
feature in the energy labels than information about the color-
coding.

51 | Methods
5.1.1 | Participants

Keeping consistent with the first two experiments, we recruited
the same number of 256 participants (N = 64 in each group) via
Prolific (134 female, 122 male, mean age =44.2 years, SD =
14.2). No participant had previously taken part in Experiment 1
or 2. Two participants were replaced owing to computer errors
and missing data. All participants were native English speakers
who resided in the United Kingdom, who reported normal or
corrected-to-normal vision and no color-blindness. We followed
the same ethical considerations as described under Experiment
1 and 2. Participants gave informed consent and were debriefed
upon completing the study. Participants were compensated
with £0.45 for a total study time of around 2-3 min.

5.1.2 | Materials, Design and Procedure

Unless noted here, the materials, design, and procedure were
identical to Experiment 1. Experiment 3 was a mixed factorial
design with experimental factors: 2 (Knowledge of range: range
shown, range not shown [between-participants factor])x 2
(Color-coding: color, black and white [between-participants
factor]) X 7 (Energy class: K, L, M, N, O, P, Q [within-
participants factor]). Participants were randomly assigned into
one of the four groups that made up the between-participants
conditions.

We created new energy labels that were of the same “Class
arrow” style as in the previous two experiments, but where the
letters were changed to K, L, M, N, O, P, and Q, and the range
information about the letters was an arrow pointing from Q to
K. These seven letters were drawn from the middle of the
alphabet, rather than from the beginning of the alphabet
(cf. Experiment 1 and 2) to achieve a less intuitive range of
letters. These new energy labels, and how they varied across the
four between-participants conditions, are shown in Figure 3.
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FIGURE 3 | Energy label stimuli used in Experiment 3. The figure is organized like Figure 1, but the four between-participants conditions were

Color-coding (color, black and white) x knowledge of range (range shown, range not shown).

For colored energy labels, we used the typical “traffic light”
color-coding. The software and stimuli were otherwise
unchanged from Experiment 1, and the new energy labels had
the same size, shape, and position on the participants’ monitors
as in the previous experiments. Instructions were edited to state
that “alphabetical order reveals energy efficiency classes, where
letters that appear earlier in the alphabet are more energy effi-
cient,” rather than the previous version of the instructions which
gave energy classes “B” and “C” as examples of energy classes.

5.2 | Results and Discussion

Results of Experiment 3 are shown in Figure 4. Our analyses
focused on the effects and interactions of our mixed factorial
design: 2 (Knowledge of range: range shown, range not
shown) X 2 (Color-coding: color, black and white) X 7 (Energy
class: K, L, M, N, O, P, Q). The study focused on how these
conditions influenced participants’ ratings of environmental
friendliness. The conditions were analyzed with a repeated
measures ANOVA that was adjusted with a Greenhouse-Geisser
correction. The full results of this ANOVA are shown in Table 4.

Hypothesis 3c predicted that range knowledge and color-coding
would have a significant impact on ratings with a less informa-
tive letter scale (K to Q). The pattern of results shown in Figure 4
supports this prediction. The main effect of range (p <0.001;
Table 4) shows that participants were reluctant to rate the energy
classes as high in environmental friendliness unless they were
given range knowledge (compared blue and gold data in Fig-
ure 4). Range interacted with the energy classes (p <0.001),
showing that participants discriminated the energy classes far
more with range knowledge than without range knowledge
(Figure 4). The main effect of range and its interaction across
energy classes supports Hypothesis 3a. Hypothesis 3c was also
supported because the effects of range were far larger with an
unintuitive letter scale (Figure 4) than with the traditional letter
scales used in the first two experiments (Figure 2).

Importantly, color also significantly interacted with the energy
classes (p < 0.001; Table 4), which reveals that the color-coding
also impacted how participants organized their judgments of
energy classes (Figure 4; supporting Hypothesis 3b). In Ex-
periment 3, both range knowledge and color-coding helped
participants to make sense of, and to tell apart, the energy

classes. This shows that both range knowledge and color-coding
can provide important contextual information. But we note that
these context effects provided by range and color were strongest
when the letters were less useful as a cue (cf. Figures 2 and 4).
This supports Hypothesis 3c but also strengthens our conclu-
sion that the letters were a dominant cue for judgments.

While both range knowledge and color-coding helped partici-
pants to tell apart the energy classes, the effect of range knowl-
edge was greater than the effect of color-coding (Figure 4), as
shown by a three-way interaction (p =0.001; Table 4). This
indicates that the explicit range knowledge was even more
effective than color-coding for participants to discriminate energy
classes, even though both provided impactful context.

A supplementary analysis investigated whether color-coding
had any impact when range was shown (a comparison of the
gold data across Figure 4A,B). This revealed that there was no
interaction between color X energy class (F<1, p=0.868),
indicating that color-coding can be superfluous when the range
is known. This, taken together with the results of the full AN-
OVA (Table 4), shows that range knowledge was especially
important when energy labels were printed in black and white,
without color-coding. A supplementary analysis on demo-
graphics found no effects of age, and sex did not significantly
alter the contextualizing effects of color or range knowledge.

Without either range knowledge or color-coding, and with an
unintuitive letter scale, participants made relatively little dis-
crimination of energy classes (see blue data in Figure 4B). This
condition provided scarce contextual information, where par-
ticipants had very few reference points when judging energy
classes. Following our predictions, judgments depended on
some contextualizing information about the to-be-rated stimu-
lus scale. Experiment 3 demonstrates that range knowledge or
color-coding can provide highly impactful contextual informa-
tion in the absence of any other intuitive scale cue (i.e., letters
that are matched with the beginning of the alphabet).

6 | General Discussion

The present study investigated the perception of three stimulus/
design features in EU “Class arrow” energy labels, and how
these contribute to judgments of environmental friendliness.
These stimulus features were: (1) The letter scale, (2) the color-
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FIGURE 4 | Results of Experiment 3. Error bars represent the standard errors of the means.

TABLE 4 | Results of a repeated measures ANOVA for the full Experiment 3.

Factor df F value p value nzp

Energy class 3.66, 922.45 343.65 < 0.001%** 0.577
Range 1, 252 101.10 < 0.001%** 0.286
Color 1, 252 0.02 0.899 0.000
Energy class X range 3.66, 922.45 83.28 < 0.001%** 0.248
Energy class X color 3.66, 922.45 6.00 < 0.001%** 0.023
Range X color 1, 252 2.62 0.107 0.010
Energy class X range X color 3.66, 922.45 4.70 0.001** 0.018

Note: Energy class reflects the Energy class factor with seven levels. Range reflects the Knowledge of range factor with two levels. Color reflects the Color-coding factor

with two levels.
**p < 0.1; **p < 0.001.

coding, and (3) information about the scale’s range. The results
of three experiments inform several conclusions, which will be
discussed in detail below. First, participants’ judgments are
strongly driven by which letters are present on a scale.
This manifests in a high degree of similarity in the ratings of the
“A+” classes of the old scale (confirming Hla), and in the
generally higher ratings of the energy classes of the old scale
(confirming H1b). Second, letters are given greater weight than
color-coding in the formation of judgments (confirming H2a,
disconfirming H2b). Third, color-coding and information about
the scale's range provide contextual information which can help
participants discriminate energy classes, especially when the set
of letters is unintuitive (partially supporting H3a and H3b, and
supporting H3c). Thus, having some contextual information is
more important when other contextual cues are diminished.
This again confirms that judgments were dominated by the
letters. We examine the results of our three experiments and
consider their implications for the design of energy labels.

6.1 | Theoretical Implications

In this section, we discuss the theoretical implications of our
findings in relation to the cue-utilization framework (Cox 1962;
Slovic 1966; Sullivan and Burger 1987), the heuristics and biases
framework (Tversky and Kahneman 1974), and range-frequency

theory (Parducci 1965). The discussion is divided into two sec-
tions, covering the three key design features of EU's ecodesign
energy labels (categorical letters, color-coding, and range
information).

6.1.1 | Categorical Letters and Color-Coding

The results of our three experiments, taken together, suggest that
the categorical letters of EU's energy labels is a stimulus cue that is
given much weight in the perception formation process. Impor-
tantly, color-coding does not receive the same weight. This can
explain several of our findings, such as why the “A+” classes were
poorly discriminated, and why products with energy classes from
the old scale were perceived as generally higher in environmental
friendliness than products with energy classes from the new scale.
The smaller discriminations between the “A+" classes (Heinzle and
Wiistenhagen 2012) and generally higher environmental friendli-
ness ratings of the old scale (Stasiuk and Maison 2022) have been
observed before. We suggest that these biases can be explained by
the fact that lesser weight is given to the color-coding cue than to
the categorical letter cue.

The relative unimportance of color-coding might appear surprising
given past research showing effects of color in eco-labels. Color-
based information can sometimes have stronger influence on con-
sumer behavior than text-based information (Bengart and
Vogt 2023; Holenweger et al. 2023), perhaps because color is a cue
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that attracts attention (Lurie and Mason 2007) and salient and
fluently processed cues tend to gain more weight in the perception-
decision process (Easterbrook 1959; Shah and Oppenheimer 2007).
But our results show that the categorical letter cue is the more
dominant feature in EU's ecodesign energy labels. The letters are
superimposed on the colors and presented with strong visual con-
trast against the background (Figure 1). Furthermore, the letters can
arguably be processed fluently and associatively without reflective
thought, stimulating heuristic thinking such as “representativeness”
(Tversky and Kahneman 1974) or “affect-based” responses (Slovic
et al. 2007).

Basing judgments heuristically on letters’ representativeness or
affect (on a good-to-bad continuum), without much thought about
other cues, is arguably a fast and frugal way of making a fairly
accurate judgment of a product's environmental friendliness. For
example, participants seem to have understood letters at the
beginning of the alphabet as representative of a “high point,”
indicating a high degree of environmental friendliness. This can
explain several of our findings, such as why participants made
smaller discriminations of energy classes above class A (A+++, A+
+, and A+) than below class A (B, C, and D), as seen with ratings of
the old scale (A+++ to D) in Experiment 1 and 2. Participants were
relatively insensitive to the differences between the A+ classes
because A was already considered environmentally friendly. The
fact that the new (A to G) scale led to more appropriate discrimi-
nations of energy classes strengthen the interpretation that partici-
pants intuitively anchored their responses to the beginning of the
alphabet (Experiment 1 and 2). It can also explain the results of
Experiment 3, where the most energy efficient class was represented
by the letter K. Here, participants assigned low ratings to all energy
classes in the absence of range knowledge or color-coding. Partici-
pants were likely leaving room on the response scale for potential
early-alphabet stimuli (like A, B, and C), which can explain the low
ratings of letters K to Q. Note that contextual information guided a
radical adjustment of response strategies for energy classes K to Q
(see below for a discussion on the role of contextual information).

6.1.2 | The Role of Range Knowledge

Human judgments are generally context dependent
(Haubensak 1992; Parducci 1965; Stewart et al. 2006), and en-
vironmental judgments are no exception (Skog and Sorg-
vist 2025; Tanner 2008). Energy labels are designed to provide
people with different cues to the scale's context: (1) The letters
can be matched with the beginning of the alphabet as a refer-
ence point, (2) the color-coding can be a familiar green-red
“traffic light” spectrum, and (3) the range of the letter scale can
be made explicit within the label (Figure 1). In the influential
range-frequency theory (Parducci 1965, 1968), the range prin-
ciple predicts that observers will judge a stimulus in relation to
the endpoints of the stimulus range. In the case of energy labels,
observers will judge a given energy class in relation to the
highest and lowest available energy classes. This requires
knowledge, as an observer must understand what the range is to
make use of it in their judgments (cf. Skog and S6rqvist 2025).
Because of this, we expected that judgments of environmental
friendliness would be affected by different types of contextual
information that reveal the scale's boundaries. We have already
discussed how the choice of letters in the scales provided an
important form of context that had a large impact on judgments

(see above). Next, we focus on the effects of color-coding and
information about the scale’s range (also referred to as “range
knowledge”).

The results of Experiment 1 and 2, which used conventional
letter scales (A to G, and A+++ to D), showed that the impact
of range knowledge across energy classes was not significant
when energy labels were color-coded (Experiment 1), but it was
significant when energy labels were not color-coded
(Experiment 2). This indicates that both color-coding and
range knowledge can provide contextual information that helps
participants discriminate energy classes. It also demonstrates
that range knowledge is more important when energy labels are
printed in black and white—that is, when other contextual cues
are diminished. However, it must be noted that the absence of a
cross-experiment three-way interaction for both scales (reported
under Section 4.2.5) suggests that the effects of color-coding and
range knowledge are weak or statistically unreliable for the
conventional letter scales. The reason for this appears to be that
the letters are a dominant stimulus cue that gains majority
weight in the judgment formation process. When the letter cues
are perceived as informative enough (such as when the range of
energy classes align with the beginning of the alphabet), other
cues are devalued.

Thus, our Experiment 3 abandoned the conventional letter
scales in favor of an unintuitive scale with letters K to Q. Here,
the contextual information provided by the letter scale was
diminished since it is not anchored at an intuitive reference
point (the beginning of the alphabet). When presented with the
energy label “N,” for example, without color-coding and with-
out knowing the range of the scale, the observer's rating will be
quite arbitrary and poorly organized. Unintuitive letters could
therefore isolate the effects of color-coding and range knowl-
edge. The results of Experiment 3 found that both color-coding
and range knowledge were highly impactful for the partici-
pants’ ability to discriminate energy classes. Both color-coding
and range knowledge provided contextual information, which
was more important than ever in Experiment 3, when the letter
scale was unintuitive. Furthermore, range knowledge was a
more effective cue than color-coding for the participants' ability
to discriminate energy classes. All three experiments, taken
together, provide evidence that range knowledge is a more
important stimulus cue when energy labels are printed in black
and white, where there is no available color-coding. Addition-
ally, the results suggest that color-coding is the least important
stimulus feature in energy labels, and it can be superfluous with
range knowledge.

6.2 | Managerial and Applied Implications

From a managerial viewpoint, our results reveal how features of
EU's energy labels shape consumers' product perception. The
perceived environmental friendliness of products is a strong
predictor of behavioral intentions, such as willingness to pay
and product choice (e.g., Pichierri and Pino 2023; Sorqvist
et al. 2015). Because of this, label design features that modulate
perceived environmental friendliness shape these intentions.
According to current EU legislation, energy labels printed in
black and white may be used instead of their color-coded
counterparts in visual advertisement. Our results suggest that
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this has marginal (if any) consequences for how consumers
perceive products. Instead, perception is predominantly deter-
mined by the scales' categorical letters and range knowledge.
Furthermore, the transition of replacing the old A+++ to D
scale with the new A to G scale will have some predictable
outcomes for advertising. Products will generally be perceived
as less environmentally friendly overall (see also Stasiuk and
Maison 2022). Our results suggest that this effect will be largest
at the intermediate energy class (around “D” in the new A to G
scale). And, we expect consumers to feel like there are larger
differences in the perceived eco-value of products with the new
scale, especially among the top-rated energy classes. In com-
parison, the “A+” classes are less distinct in the old scale—they
are all seen as quite environmentally friendly.

Showing the range with letters and an arrow on the energy labels
as an external cue has smaller yet important effects on percep-
tion, particularly when other external cues to scale range is
absent (e.g., when energy labels are shown in black and white)
and when consumers cannot use internal cues (such as alpha-
betical knowledge) to form an intuitive understanding of scale
range. Providing reference points in advertisement will modulate
how consumers contextualize a product and shape its perceived
value, especially when other contextual cues are sparse. This
conclusion goes beyond the use of ecodesign in advertisement.
We argue that product evaluation will be strongly influenced by
scale range knowledge with any type of eco-label, and more so
when the eco-label's scale is ambiguous or unintuitive. Beyond
eco-labels, we would expect range knowledge to be very
impactful when quantitative information (numbers) is presented
to consumers (e.g., annual kilowatt-hours of energy consump-
tion, or carbon dioxide emissions; Skog and Sorqvist 2025).

From a policy point of view, the present study supports the recent
(and ongoing) efforts made by the EU to rescale energy labels to A
to G, while phasing out the A+++ to D scale. Our behavioral
results show that “A+” classes are less discriminable, which in
turn can have negative implications for how consumers form
beliefs about environmental impact (see also Beck and
Toulouse 2023; Faure et al. 2021; Heinzle and Wiistenhagen 2012).

Our results also add to the ongoing discussion of how labeling
systems should be designed to reduce complexity, ambiguity and
confusion (see e.g., Boe-Lillegraven and Demmers 2025; Donato
and Adigiizel 2024; Gosselt et al. 2019; Sejas-Portillo et al. 2025;
Torma and Thegersen 2024; Thegersen et al. 2024). The EU issued a
recent notice that information about the scale’s range should be
included in energy labels. The novel results of the present study
bolster this directive. We have demonstrated that range knowledge
helps participants to better understand the context of a given energy
label. We note that range knowledge is even more important when
color-coding is not available. The directive to include information
about the scale's range also aligns with leading psychological the-
ories on how judgments depend on contextual information. The
EU's 2024 directive to include explicit information about the scale's
range in energy labels is supported by range-frequency theory
(Parducci 1965).

6.3 | Limitations and Future Studies

The study has several limitations that should be addressed. One
concerns the generalizability of the results beyond EU. While

energy labeling is used in many countries across the world (see
e.g., Andika et al. 2025; Asif et al. 2023; Basiru et al. 2024; Davis
and Metcalf 2016; Durmus Senyapar et al. 2024; Elmor
et al. 2024; Newell and Siikamiki 2014; Wang et al. 2019), the
design varies. Our conclusions that specifically concern effects
with Latin letters might not generalize to other letter systems.
Arguably, the results should be generalizable to any culture that
uses letter systems with alphabetical ordering. We suggest that
ordering can produce an intuitive understanding that the first
entry represents a “high point,” and that this might be a general
mechanism. But whether the present effect of letters generalizes
beyond the Latin alphabet requires evaluation in future studies.

Another limitation concerns the ecological validity of the study.
While the stimulus material used in the present study resembles
how white goods are advertised in online web shops, future
research should test if our results generalize to more ecologi-
cally valid contexts. This can be done, for example, by con-
ducting studies of simulated shopping or field experiments. In
future studies, it is also important to directly measure behav-
ioral intentions (e.g., willingness to pay) or purchase decisions
in choice settings to solidify the results' relevance in marketing.

A further set of limitations concerns control variables and measures.
Participants’ familiarity with the energy labeling scales were not
controlled for. Similarly, individual differences in environmental
concern, energy literacy or education were not controlled. The
random assignment of participants to between-subject conditions
should in theory even out such individual differences and not
compromise comparisons between conditions. Furthermore, many
of the key effects (e.g., scale differences) found in Experiment 1
replicated in Experiment 2, with an independent sample of parti-
cipants. Still, not controlling individual differences in environmental
attitudes, familiarity, and literacy could have added unknown noise
to the measurements. Another issue concerning measurement is
the single-item measure of perceived environmental friendliness.
Single-item measures can often be appropriate for measuring non-
complex constructs (Allen et al. 2022) but it is often recommended
to use muti-item measures to create an index measure of the psy-
chological construct of interest. Perceived environmental friendli-
ness is arguably a non-complex construct that aligns with a single
good-to-bad continuum. A single-item measure might therefore be
valid here. Indeed, single-item measures (Andersson et al. 2024;
Gorissen and Weijters 2016) and multi-item measures (Kim and
Schuldt 2018) of perceived environmental impact tend to yield
similar results. Future studies should still consider using multi-item
indices to increase construct validity.

Finally, the results of the present study inform future studies on
label development. These studies can consider the relative weight
consumers assign to categorical letters, color-coding, and explicit
range cues, to design new labels that optimize consumers' ability to
appropriately contextualize energy classes. This extends beyond
energy labeling and can inform development of new labels in other
fields such as eco-labeling (carbon footprint) and health labeling
(calorific content and nutritional value).

6.4 | Concluding Remarks

The present study has demonstrated that consumers assign
different weight to different contextual label cues: the most
weight to categorial letters, intermediate weight to explicit
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range cues, and least weight to color-coding. However, the
relative importance of these cues depends on the availability of
the other cues. One key takeaway is that consumers need suf-
ficient contextual information to understand energy labels. To
ensure that consumers can reliably perceive the meaning of
energy labels, we favor a multicue approach where the eco-
design of energy labels should contain: (1) A letter scale that
begins with the alphabet, (2) a color-coded scale, and (3)
information about the scale's range. This provides multiple
contextual cues, which can lead to a better understanding of
energy labels that will in turn maximize the ability to tell energy
classes apart. These insights are important in any situation
where eco-labeling is used in advertisement, and to future
design and development of eco-labels. Consumers often con-
sider the environmental impact of products when making
purchasing decisions. A better understanding of energy labels
can lead to more informed decisions which can support pro-
environmental consumer behavior.
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The seven oven images used as stimuli in all three experiments. Ovens were randomly paired with energy labels.
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