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A B S T R A C T   

The current study investigates the efficiency of nudging people to purchase more eco-friendly electronic devices 
in an emulated online milieu. To this end, participants were presented with three different products (smart 
phones, monitors and portable speakers) with two different nudges (attraction and default) and a control con-
dition. Results from two experiments show that, while there was already a strong preference to make eco-friendly 
choices in control conditions, when eco-friendly choices were costlier, there was a clear positive effect of an 
attraction nudge on participants’ eco-friendly preferences. In other words, when product prices were generally 
high, or when there are large price differences between options, the attraction nudge resulted in a higher 
probability of eco-friendly choices compared to when no attraction effect is used. The default nudge was less 
efficient, sometimes producing a negative effect, while its effect was mediated by whether participants endorsed 
a strong bio-centric worldview, in which case the default nudge promoted more eco-friendly choices. The results 
are discussed in relation to potential challenges pertaining to deceit and perceived paternalistic intentions with 
use of nudges.   

1. Introduction 

Human societies are intricately connected to, and dependent on, the 
planet’s natural resources. With climate change looming over the future 
of contemporary societies, planetary boundaries are crossed, and 
resource stocks close in on depletion; societal change on all levels is 
required (Steffen et al., 2018), not in the least in consumption of in-
dividuals. Though many Europeans consider it important to protect the 
environment (Eurobarometer 468, 2017) and worry about climate 
change (Leiserowitz et al., 2018), behaviour change has not followed 
suit (Kollmuss & Agyeman, 2002; Landry et al., 2018). It is thus 
important to understand how people can be effectively aided in 
changing choices and behaviour (Clayton et al., 2015). 

In parallel, there has been an increasing interest in behaviour change 
techniques that involve simple, non-binding and non-monetary adjust-
ments in choice architecture, often referred to as ‘nudges’ (see Johnson, 
2019; Münscher et al., 2016). Two such techniques (further discussed 
below) are: defaults; one option is automatically chosen when an indi-
vidual abstains from making a choice herself, and attraction effects; a 
pair of options is presented with a third alternative that is dominated by 

one of the original options (i.e., that option is worse on all accounts) that 
can sway people to choose the dominating option. Previous findings 
suggest that the effects of nudges like defaults can vary in efficiency, 
depending on, for example, context, topic, and participant characteris-
tics (Jachimowicz et al., 2019). Yet despite promising findings (Byerly 
et al., 2018), nudges are less commonly applied as interventions in the 
sustainability area than, for example, educational or awareness in-
terventions (Grilli & Curtis, 2021). 

Nudging was originally developed in an offline environment (Thaler 
& Sunstein, 2009), but has become increasingly popular in online en-
vironments. A recent literature review concluded that digital nudges 
have a great potential (Jesse & Jannach, 2021), specifically green de-
faults (Hummel & Maedche, 2019), although this is contradicted by 
research on defaults in green-energy use (Hedlin & Sunstein, 2016). 
Consistent with Byerly and colleagues’ (2018) call for examination of 
nudges that have not been well investigated in environmental domain, 
with Jachimowicz and colleagues’ (2019) call for studies evaluating 
defaults in comparison to other choice architecture techniques and in 
light of the contradictory evidence of defaults, we address the influence 
of both defaults and attraction effects on consumers’ eco-friendly 
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product choices in an online milieu. In this study, we thus aimed to test 
whether the two mentioned behaviour change techniques could help 
decision-makers to choose more environmentally friendly options. To 
this end, in two experiments participants made choices between elec-
tronic devices (smartphones, portable speakers, and computer monitors) 
which varied in price and degree of eco-friendliness, in a choice envi-
ronment that emulated an online store. 

The specific stimuli – electronic products – and setting – an online 
store – were chosen because a) electronics have a relatively large impact 
on the environment in their production, consumption, and disposal 
phases (European Environment Agency, 2020) and b) the purchase of 
such commodities occurs exceedingly more online (E-Commerce 
Worldwide, 2020). The environment and stimuli are not ideal for 
prompting either default or attraction effects (see more below), but they 
were designed to present an ecologically valid scenario, that is, resemble 
a real scenario as much as possible, within the boundaries of the 
experimental design. In the following, we first review the literature on 
defaults and attraction effects, before presenting the results of two ex-
periments and discussing the findings. 

1.1. Choice architecture and ‘nudging’ 

Nudging is an umbrella term for mechanisms that influence a deci-
sion-maker’s choice environment in such a way as to endorse the option 
that benefits the decision-maker or society at large, without significantly 
changing the economic incentives for options (Thaler & Sunstein, 2009). 
Many nudging techniques are suggested to work because people are 
‘boundedly rational’ (Simon, 1990), that is, not capable of operating 
fully rationally due to cognitive limitations, and rather use heuristics to 
make decisions (Tversky & Kahneman, 1974). Heuristics are often 
dependent on the decision-context, or the ‘choice architecture’, and thus 
our decisions become susceptible to changes in the choice environment. 

Because nudges do not eliminate choice options nor prohibit or 
financially restrain any of the options, they are less paternalistic than 
market-based incentives or regulations, and consequently popular 
among policy makers (Steffel et al., 2016). Studies have found positive 
behaviour changes in ‘nudged’ individuals (Arno & Thomas, 2016; 
Cadario & Chandon, 2018; Nisa et al., 2019), though results do not al-
ways point to the same conclusion (Jachimowicz et al., 2019). 

Many nudge techniques, and not least the two tested in this study, are 
highly context-dependent (Johnson, 2019) and even though the tech-
nique is the same, the behaviour domain, the target population, and 
indeed the entire choice architecture contributes to its success or failure. 
For example, effectiveness of a default nudge in favour of renewable 
energy contracts among single-home owners does not imply effective-
ness a default nudge in favour of renewable energy contracts among 
rental households, or a default nudge in favour of carbon taxes for 
flights. As Jachimowicz et al. (2019) show, there is great variability in 
results of default studies. In face of this variability and 
context-dependent nature of nudges, it becomes important to validate 
the effectiveness of a given nudge technique in each specific context 
where it is applied. Indeed, by investigating nudges in a specific context, 
this study adds to a growing body of literature that will eventually add to 
understanding nudges across contexts. 

1.2. The default effect 

The default effect can occur when people encounter a choice be-
tween options where one option is pre-selected. The decision-maker is 
free to choose whichever option she wants while abstaining from 
choosing an option results in the pre-selected option. Setting options as 
default generally increases the likelihood that people end up with the 
defaulted option (e.g., organ donations, in Johnson & Goldstein, 2003; 
McKenzie et al., 2006), though not all studies find positive effects 
(Jachimowicz et al., 2019). 

There are multiple factors affecting a default’s effectiveness, for 

example the mechanism through which defaults operate (Jachimowicz 
et al., 2019; Sunstein, 2017). A default interpreted as a trusted choice 
architect’s advice on what one should choose, can be an effective 
endorsement of the default option (McKenzie et al., 2006). Secondly, if a 
decision-maker feels endowed with the pre-selected default, she is more 
likely to stay with this option, as a result of reference-dependent 
encoding and loss aversion (Dinner et al., 2011; Kahneman & Tversky, 
1979). Finally, a default can be effective because of a lack of time or 
willingness of decision-makers to either go through the physical effort of 
choosing a different option than the default or the mental effort of 
deciding which alternative is best (Dinner et al., 2011). In such cases, a 
heuristic is to default to the default (Huh et al., 2014); decision-makers 
assess whether the default satisfies their needs, and when it does, the 
decision is made without considering alternatives (Johnson et al., 2012). 
Compared to one another, defaults that operate via endorsement or 
endowment are more effective than defaults that work via ease (Jachi-
mowicz et al., 2019). 

A second factor that can affect defaults’ effectiveness is the behav-
iour domain in which it is applied. Jachimowicz et al. (2019) find that in 
the environmental domain, defaults are less effective, though they have 
been shown to be effective in inducing households to take up renewable 
energy (Ebeling & Lotz, 2015; Momsen & Stoerk, 2014; Pichert & Kat-
sikopoulos, 2008; Vetter & Kutzner, 2016), to increase the rate choices 
for energy-efficient lightbulbs (Dinner et al., 2011), to participate in a 
Smart Grid (Toft et al., 2014), and to use double-sided printing (Egebark 
& Ekström, 2016). 

A third, mitigating influence can come from the mode in which the 
choice-architecture is presented; people tend to be more sceptical to-
wards defaults in online environments (Benartzi & Lehrer, 2015), 
though Jachimowicz et al. (2019) did not find an effect of mode, online 
or not, on the effectiveness of defaults. Given the last two restricting 
factors (behaviour domain and mode of choice-architecture), in this 
study we investigate if a default option in favour of an eco-friendly item 
can nudge consumers into choosing this option, instead of a regular 
non-eco-friendly alternative, in an online electronics store environment. 
In other words, are defaults an effective nudge in this specific context? 

1.3. The attraction effect 

Also known as decoy effect or asymmetric dominance effect, and part 
of a larger body of context effects, this effect emerges when options 
(usually two) are accompanied by an additional option, which is 
dominated completely by one of the original two options – that is, it is 
inferior in all aspects – while compared to the other option it is inferior 
on some aspects but superior in others (Huber et al., 1982). For example, 
consider two products, A and B, where A is the cheap and low-quality 
item and B the expensive and high-quality item. In such a two-set 
choice, 50% of the sample may prefer A over B, and for the other half, 
preferences are reversed. In terms of the axioms of rational choice the-
ory, the probability of option A being chosen cannot be increased by 
adding another option to the choice set. Thus, adding a third option C to 
the set should not increase the proportion of people choosing A or B 
(though, of course, it can decrease the proportion, if option C is a viable 
option). 

In a classic set-up, option C is more expensive than B while lower in 
quality. In other words, in comparison to B, C is inferior both in price 
and quality; it is dominated. In comparison to A, C is inferior in terms of 
price, but superior in terms of quality, hence asymmetric dominance (C is 
dominated by one, but not the other). There is no reason for people to 
change their initial preferences for A or B, considering that C is not a 
worthwhile alternative anyway. Yet, in cases like these it is sometimes 
observed that individuals’ preference for B increases, possibly because it 
is easier to justify a choice of the dominating option B over dominated 
option C, than the choice of Option A that is inferior relative to C on one 
of the attributes (see Huber et al., 1982 for the original experiments). 

Whether this attraction effect is only observable in laboratory 
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settings, or in fact occurs in real life, is open for debate (Dimara et al., 
2017; Frederick et al., 2014; Yang & Lynn, 2014). There are numerous 
studies reporting attraction effects in fields as far removed from con-
sumer behaviour as personnel assessment or legal judgments (Huber 
et al., 2014). Yet, others suggest that this effect is not as replicable as is 
widely believed (Yang & Lynn, 2014). For instance, Frederick et al. 
(2014) found that the attraction effect only worked when all of the 
relevant product dimensions were expressed numerically, all effects 
disappeared when nonnumerical stimuli were used. In addition, 
research has showed that the more the decoy extends the range of the 
attribute on which the competitor (target) is superior, the greater the 
attraction effect (Padamwar et al., 2021). 

There is a lack of studies on the attraction effect in favour of envi-
ronmentally friendly choices in an online environment, though attrac-
tion effects have been shown to induce pro-social behaviour in online 
environments (Tietz et al., 2016) and decoy effects to occur in online 
grocery stores (Fechner & Herder, 2021). This gap, combined with the 
uncertainty on the replicability of the attraction effect in fields outside 
its original formulation, underlines the importance of investigating 
whether the addition of a decoy effect can nudge consumers into going 
for an eco-friendly option, instead of a regular non-eco-friendly alter-
native, in an online electronics store environment. That is, is using 
attraction effects an effective nudge in this specific context? 

1.4. Digital nudging 

Digital nudging is defined as “the use of user-interface design ele-
ments to guide people’s behaviour in digital choice environments” 
(Weinmann et al., 2016, p. 1). Unlike off-line nudging, even simple 
modifications in online environments may sway people’s choices and 
hence nudge their choices or behaviours (ibid., p.1). The nudges that 
were investigated in the current study have also been studied in an 
online environment. For instance, Rafai et al. (2021) investigated the 
attraction effect in the context of online flight-aggregators and found no 
effect. One reason for the lack of an effect is proposed by a review of 
decoy effects, emphasising that it is important that people can identify 
the decoy option (Lichters et al., 2015), which may not have been the 
case in Rafai et al.’s (2021) study. Various other studies on digital 
nudging have shown effects of decoys (Sherlin et al., 2020), 
middle-option-bias (Fechner & Herder, 2021) and defaults (Berger et al., 
2020) in online grocery shopping. For example, a recent study on online 
nudging of consumer decisions using defaults and social influence 
showed positive effects that were robust across levels of need for 
cognition and need for uniqueness (Ingendahl et al., 2021). To our 
knowledge there are, however, no studies investigating attraction and 
default nudges for eco-friendly consumer electronics in a digital 
environment. 

1.5. Product choice 

The choice of consumer electronics was based on the lack of studies in 
consumer electronics (see Gomez et al., 2016 for an exception), which are 
typically bought online and, that an online environment may lead to 
increased consumption (Frick & Matthies, 2020) due to the high accessibility 
and lower behavioural costs. Similar to how energy savings might cause 
rebound effects (Berkhout et al., 2000), the behavioural efficiency gains of 
online shopping might also cause a rebound effect, resulting in a higher overall 
consumption (Frick & Matthies, 2020). Another factor that might contribute 
to higher consumption online is the induction effect, describing the phenom-
enon where the introduction of Information and Communications Technology 
(ICT) products leads to a higher demand of related services, for instance, 
Hilty (2008) showed how the convenience of printers leads to an increase of 
print-outs. Applied to online shopping, certain products may lead to an 
increased consumption of other products, particularly ICT-products and 
consumer electronics. Furthermore, online shopping is fraught with digital 
marketing strategies, such as personalised ads (Tucker, 2014) and AI-based 

recommender systems based on user behaviour (e.g., Zhao et al., 2021) 
incentivising people to buy more. At the same time, online shopping has the 
potential to ease green shopping by providing descriptive norms and 
eco-labelling (Demarque et al., 2015). 

1.6. Present study 

The main aim of the study was to investigate effects of the two 
nudges – default and attraction effects – on proportion of eco-products 
chosen over regular products in an online store environment. We ex-
pected that the proportion of eco-products would be higher in both of 
the nudged conditions compared to the control condition. In line with 
research showing the importance of range extension (Padamwar et al., 
2021) we varied both price range (whether products were on the low or 
high end of the price range), and price difference (whether the differ-
ence between eco-friendly and regular products was small or large) to 
examine a wide set of real-life circumstances. This also allows for 
identification of limiting conditions relating to price range extension in 
the attraction condition. 

Our expectations were that: i) choice options with a nudge would 
result in a higher probability of choosing an eco-friendly option, 
although we did not have any specific hypotheses as to which nudge 
would be more or less efficient than the other, and ii) attraction choice 
options with a high price span would be more efficient than options with 
a low price span. In addition, we added three levels of prices in order to 
see whether the nudges were more or less efficient in any of the levels 
(low/medium/high price). 

2. Experiment 1 

The main aim of Experiment 1 was to investigate whether the two 
nudges could affect choices of eco-friendly electronic devices in a con-
venience sample of university students. Participants were presented 
with choices in fixed order of products by varied order of nudges 
(within-participants) and the measured outcome was choice of eco- 
friendly over regular products. 

2.1. Method 

2.1.1. Participants 
Since we planned to analyse our data with generalised mixed linear 

models, we could not easily use previous effect sizes to determine power, 
instead we used the simr() package in R (Green & MacLeod, 2016) to 
simulate the number of participants based on effects in our pilot data. 
Results showed that a power of approximately 90% to detect an effect of 
nudge would require 120 participants. One-hundred-and-twenty-eight 
students volunteered to participate and were compensated with either 
one cinema ticket (worth approximately $10) or by course credit. The 
sample consisted of 81 women and 47 men, with mean age 27.2 (SD =
9.2) years. 

2.1.2. Material and procedure 
LimeSurvey was used to construct a digital survey simulating a 

purchase environment, where product choices were indicative of the 
efficiency of nudging on sustainable consumption. Participants were 
presented with choices between either two or three options for three 
electronic devices: smartphones, computer monitors, and portable 
speakers. Each participant was presented with 36 choice-sets, 12 sce-
narios per device. In all choice-sets, eco-friendliness of a product was 
represented by number of eco-stars, ranging from one (low eco- 
friendliness) to three (high eco-friendliness). All choice-sets had one 
product with one star and one with three, where the ‘three-star’ option 
was interpreted as eco-friendly choice (forced choice paradigm). 

For each device, participants were given a scenario that had the same 
wording except for the device that was either smartphone, portable 
speaker or monitor. The participants were given the following 
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instructions: 

Suppose you would like to buy a [device]. You go online and search for a 
[device] that corresponds to your preferences, and you land on web store 
providing a [device] with your preferred brand and performance. In the 
following you will make a number of choices, in which price and eco- 
friendliness of your preferred [device] vary. To make a choice, click on 
the option that you consider best regards to price and eco-friendliness. 
Always assume that the description of the [device] corresponds to your 
brand and performance preferences, only price and eco-friendliness are 
varying. The following questions, hence, ask about your preferences 
regarding price and eco-friendliness. 

Within each device, there were 12 choice-sets that were created by 
combining three price levels with four price differences for the respec-
tive electronic devices (see Table 1). That is, four choices used a low 
range of prices in the market of the respective product, four the mid-
range and four the high range. Within each price range (low, mid-, and 
high) choice-sets ranged from a set with relatively small price differ-
ences between one- and three-star options (2.5%) to a set with relatively 
large price differences (15%). Price level and price difference were 
included both to generate varied stimulus-sets, and we analysed them as 
within-subjects variables. 

The order in which the devices were presented was the same in all 
conditions, but the presentation order of the nudge (attraction, default 
and control) was varied, so that each respondent had a 1/3 chance of 
ending up in a condition with a specific order of the nudges (there were 
three combinations in total). This set-up implies that all participants 
were exposed to all three nudges (varying in order) and all three devices 
(fixed in order). In this way, we controlled for the effect nudge order, 
which allowed us to estimate the effect of nudge (within-subject) and 
device (within-subject), provided that there was no interaction effect 
with device. 

In the control scenario (see Fig. 1, Example 1) participants were 
presented with two options, while none of the options were pre-selected. 
In the default scenario (see Fig. 1, Example 2) there were again two 
options, while the most environmentally friendly option was pre- 
selected. Finally, in the attraction scenario (see Fig. 1, Example 3), 
there were three options, one of which was a dominated option, and the 
dominating option was always the eco-friendly choice. Although having 
three options in all conditions would have made the stimuli more con-
stant across conditions, doing so would make it difficult to distinguish 
default effects from, for example, middle-option bias. As presented, the 
control is identical to the default in all but one aspect, the presentation 
of a default option, and the control is identical to the attraction in all but 
one aspect, the addition of a third dominated alternative. 

After completing all 36 choice-sets, participants answered de-
mographic questions like gender and age. 

2.1.3. Design 
The experimental design involved a 3 x 3 x 3 x 4 within-subjects 

factorial design, with nudge (control, default, attraction), device 
(smartphone, monitor, bluetooth speaker), price level (low, medium, 
high) and price difference as within-subjects variables (see Table 1 for a 
presentation of the stimuli). A reduced Latin square design was used to 
vary the order of the different nudges, while the order of the electronic 
devices was constant. Because preliminary analyses indicated significant 
statistical interactions between presentation order and the effect of the 
nudges, we only analysed the data for the first product (smartphones). 

2.1.4. Statistical analyses 
We analysed the results with generalised linear mixed model in the 

R-package lme4 (Bates et al., 2015), where the dependent variable is 
eco-friendly/not eco-friendly choice. We decided, in advance, to omit 
decoy choices, however, the analysed data did not contain any instances 
of decoy choices. We modelled the repeated measurements with a 
random intercept for each subject. Further, we followed Barr et al.’s 

(2013) advice and included the within subjects variables (price level, 
price difference, nudge and product) both as fixed and random effects. 
We specified multiple models based on hypothesised relationships be-
tween the predictor variables and outcome variables, beginning with the 
least complex model and iteratively adding terms. The reported models 
are those that fit best according to Akaike’s Information Criterion 
(AIC).1 Because our main interest was in the fixed effects, we only 
provide estimates for fixed effects. In a first step we made omnibus tests 
with an ANOVA function providing χ2-statistics. Next, we analysed the 
significant interactions with Tukey post-tests, to see what levels differed 
significantly. We only report the significant results in the text, though all 
results, including model fit are provided in the Supplementary material. 

2.2. Results 

The proportion of eco-friendly choices for smartphones for each 
nudge was 0.78 for control (95% CI [0.73, 0.82), 0.68 for default (95% 
CI [0.62, 0.71]), and 0.79 for attraction (95% CI [0.75, 0.83]). Random 
choices in this forced-choice paradigm would result in proportions of 
0.50 for the control and default conditions and 0.33 in the attraction 
condition respectively. The data thus suggests that participants’ de-
cisions were not random. A chi-square test of the occurrences of eco- 
friendly and cheap options for each condition (control, attraction, 
default) showed a significant difference between the conditions (χ2(2) 
= 20.39, p < .001). 

2.2.1. Mixed GLM 
The best fitting model for eco-friendly/not eco-friendly choices for 

smartphones included an interaction between price level and nudge and 
price difference and a random intercept for each participant and price 
difference within price level: answer ~ level * nudge + price * nudge +
(1|id) + (1|price/level). 

Fixed effects results are reported in Supplemental Material Table S1. 
The omnibus ANOVA test (Type II Sums of Squares)2 with Wald 

statistics showed a significant main effect of price difference [χ2(3) =
66.72, p < .001], amounting to a larger log odds for choosing an eco- 
friendly option with a smaller price difference (all p:s < 0.001); a 
main effect of nudge [χ2(2) = 6.64, p = .031], amounting a smaller log 
odds for choosing an eco-friendly option with default compared with 
control [b = - 4.45, z = - 2.58, p = .010]; and a main effect of price level 
[χ2(2) = 34.57, p < .001], amounting to a larger log odds for choosing 
an eco-friendly option with a lower price level (all p:s < 0.001). There 
was also an interaction between price difference and nudge (Fig. 2A) 
[χ2(6) = 13.24, p = .039]. Tukey pairwise comparisons between each 
combination of price difference and nudge did not reveal significant 
differences between nudges within a price difference level, but did show 
significant differences between conditions at different price levels (as is 
illustrated by Fig. 2A).3 Finally, there was an interaction between price 

1 AIC is an estimator of quality of statistical models given data-input, in 
comparison to other models covering the same data (Burnham & Anderson, 
2002). Whereas regular goodness-of-fit models (e.g., r-square) are prone to 
over-fitting, AIC also incorporates the simplicity of models, penalizing models 
with unnecessarily many variables (which would invariably increase goodness- 
of-fit but also increase risk of over-fitting). The formal expression of AIC is: 
AIC = 2× k − 2× ln(L), where k represents the number of variables (estimated 
parameters), and L the maximum value of the likelihood function.  

2 Type-II tests are calculated according to the principle of marginality, testing 
each term after all others, while ignoring the term’s higher-order relatives.  

3 In R, the effects for a categorical variable are the estimates for each category 
compared with the baseline category (e.g., nudge attraction and nudge default 
are compared with control). For an interaction, the same logic applies, for 
instance, the estimate for the interaction between nudge attraction and price 
difference 4 is obtained by a comparison between control and price difference 
1. In addition, the contrasts within e.g., a price difference must be calculated 
with multiple comparisons, which may result in overly conservative estimates. 
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level and nudge [χ2(4) = 10.92, p = .028] (Fig. 2B) amounting to a 
smaller log odds [b = 1.62, z = 2.32, p = .020] for choosing an eco- 
friendly option with default and high price compared with control and 
low price. Again, Tukey pairwise comparisons between the combination 
of condition and price level did not reveal any significant differences 
between conditions for the same price levels (all ps > .5). 

Contrary to our hypothesis, there was a smaller probability of 
choosing an eco-friendly option when given a default option with 
smartphones compared with control. Specifically, when the price dif-
ference was large, default resulted in a smaller probability of an eco- 
friendly option. Second, there is tendency towards a beneficial effect 
of attraction, although it did not turn out statistically significant in a 
multiple comparisons’ test. Due to an interaction between nudge and 
presentation order, we could not estimate the effect of nudge for the 
monitors and speakers, so theoretically we might have observed an ef-
fect of attraction if they would have been included in the analysis. In 
addition, there are signs of a ceiling effect (see Fig. 2), in that the pre-
dicted probability of eco-friendly choices for smartphones is already 
approximately .90 in the control condition. This may underestimate the 
positive effect of the attraction nudge when the initial inclination for 
eco-friendly choices is lower (e.g., if the control condition would only 
produce a probability of .50 eco-friendly choices, the positive effect of 
the attraction nudge could be larger and easier to detect). 

We therefore conducted a second experiment, where we factorially 
varied both presentation order, device, and nudge to estimate the effect 
of nudge and device. Further, to control for ceiling effects, we increased 
the price differences to avoid that most participants choose the eco- 
friendly option when the price difference is very small. 

3. Experiment 2 

The main purpose of the second experiment was twofold: 1) to 
improve the experimental design by varying both products and nudges 
within participants and 2) to permit a more in-depth analysis of po-
tential underlying causes of the main effects and interactions by 
including scales on participants’ environmental attitudes. In Experiment 
2, USA-residents responded to choices similar to those in Experiment 1, 
with a varied order of both products and nudges (within-participants), 
and also incorporating scales on environmental attitudes. 

3.1. Method 

3.1.1. Participants 
Power analyses using the R package simr (Green & MacLeod, 2016) 

indicated that, with 200 participants, Experiment 2 had power above 
90% to detect the fixed effects found in Experiment 1 with an alpha level 
of 0.05, given the number of trials and assuming a range of possible 
random effects variances. Three-hundred-and-thirteen participants, 
which were recruited on Amazon Mechanical Turk (AMT), were 
compensated with approximately $1. The sample consisted of 149 
women, 162 men and 2 indicated non-binary gender, with mean age 

41.3 (SD = 12.7) years. We excluded 71 participants based on the 
following criteria: i) not answering correctly on the attention questions, 
ii) choosing decoy options in the attraction contingency (n = 25)4 and, 
iii) and stating that they were very familiar with the fictive eco-label we 
used in the survey. This resulted in 242 participants whose data were 
used in the analyses. 

3.1.2. Material and procedure 
We used the same digital survey as in Experiment 1, with two 

important modifications: first, there were nine conditions, in which 
order of nudge and order of device were crossed, so that each combi-
nation (nudge x device) occurred. These nine conditions were then ar-
ranged so that each nudge, as well as each device, was presented once 
first, once second and once third in order. This resulted in three condi-
tions where attraction was first, three conditions where control was first, 
and three conditions where default was first, and similarly for the de-
vices. Each participant participated in only one condition. 

Second, we increased the price range so that the price difference 
within each of the three price levels spanned from 5% to 25% higher 
than the control price (see Table 2 for a specification of smartphones). 
We also adjusted the prices to the US electronics market, since the target 
audience on AMT was American. Importantly, the price of smartphones 
was no longer specified as a monthly prescription fee, but as the total 
cost of a smartphone. In all other respects, the stimuli were the same as 
in Experiment 1, that is, each participant was presented with 36 choice- 
sets, 12 scenarios per device. In all choice-sets, eco-labelling was rep-
resented by number of eco-stars, ranging from one (low eco-friendliness) 
to three (high eco-friendliness). All choice-sets had at a minimum one 
product with one star and one with three, where a participant’s choice 
for the ‘three-star’ option was interpreted as eco-friendly choice (forced 
choice paradigm). The instructions were the same as in Experiment 1. 

After completing all 36 choice-sets, participants provided de-
mographic variables like gender and age. Here, we also included non- 
demographic measures for Energy Awareness (EA), Environmental 
Identity (EI) and a shortened form of the New Ecological Paradigm 
(NEP: Dunlap et al., 2000; Whitmarsh, 2009). These measures were not 
part of the original predictions, but were used in post-hoc analyses, that 
is, they were not part of the experimental design, but were used as 
covariates. 

EA was measured with seven-point agreement scales (from − 3 to 3) 
with items like: “I am aware of which devices or apparatus use most 
electricity in the household”. This scale was untested but had good in-
ternal consistency (Cronbach’s α = 0.87, M = 1.10, SD = 1.00). EI was 
measured with the ‘pro-environmental identity scale’ (Whitmarsh & 
O’Neill, 2010), seven-point agreement scales for four items such as: “I 
think of myself as an environmentally-friendly consumer”. EI scale had a 
fair internal consistency (α = 0.61, M = 1.60, SD = 0.96). Participants’ 

Table 1 
Twelve Choice Options for Smartphones Created by Combining the Price Levels in SEK (Low, Middle, High) and Price Differences (1, 2, 3, 4).  

Smartphones 

Price level Low: 149-249 Medium: 249-349 High: 349 - 549 

Type of comparison Eco Cheap Decoy Eco Cheap Decoy Eco Cheap Decoy 
Eco stars ★★★ ★ ★★ ★★★ ★★ ★★ ★★★ ★ ★★ 
Price difference 1 (15%) 349 199 401 449 299 516 549 399 631 
Price difference 2 (10%) 249 149 274 349 249 384 449 349 494 
Price difference 3 (5%) 225 175 236 325 275 341 425 375 446 
Price difference 4 (2.5%) 220 195 226 320 295 328 420 395 431 

Note. The Price Levels Ranges Denotes the Differences in Price Between Eco, Cheap and Decoy Options. The Decoy Option is Only Included in the Attraction Condition, 
in the Control and Default Conditions, Only Eco and Cheap are Presented. Prices Denote Monthly Subscription for the Respective Device, which is a Common Payment 
Scheme for Mobile Phones in Sweden. 

4 Since the decoy option is not a viable option, we used it as an additional 
attention check (in addition to the explicit attention questions). 
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Fig. 1. Experimental paradigm 
Note. A: example of the presentation of products (smartphone). B–D: example of options participants could choose from, respectively from control, default and 
attraction conditions. The most eco-friendly option always appeared as the first alternative. 
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worldviews were measured with a shortened form of the NEP, which 
was adopted from Whitmarsh (2009) ,5 and which contained questions 
concerning participants’ worldview, specifically regarding humanity’s 
position in the environment, and the value of the environment. It was 
likewise measured on seven-point agreement scales with items like: 
“Plants and animals have the same rights as humans to exist” and “Na-
ture is strong enough to cope with the impact of modern industrial na-
tions (reversed)”, and had good internal consistency (α = .83, M = 1.10, 
SD = 1.20). 

3.1.3. Design 
The experimental design involved a 3 x 3 x 3 x 4 within-subjects 

factorial design, with nudge (control, default, attraction), electronic 
device (smartphone, monitor, portable speaker), price level (low, 

medium, high) and price difference (4 price differences) as within- 
subjects variables (see Table 2 for a presentation of the stimuli). In 
this way, we avoided order effects, which allowed us to disentangle the 
main effect of nudge across devices as well as separately for each device. 

3.2. Results 

The proportion of eco-friendly choices over all products for each 
nudge was 0.67 for control (95% CI [0.65, 0.69]), 0.66 for default (95% 
CI [0.64, 0.68]), and 0.76 for attraction (95% CI [0.74,.78]), all higher 
than chance performance. Of 242 participants, 19 exclusively chose non- 
eco-friendly options, 63 chose exclusively eco-friendly options, and 160 
sometimes chose eco-friendly, and sometimes non-eco-friendly options, 
indicating that a majority of participants were at least somewhat un-
decided on which option to choose. 

As in Experiment 1, we ran generalised mixed linear models, with 
eco-friendly/not eco-friendly choice as dependent variable. and nudge, 
device, price level and price difference as both fixed and random effects. 
The best model (fixed effects results are reported in Supplementary 
Material Table S2) included a main effect of device and nudge, and an 
interaction between nudge and price level and nudge and price differ-
ence, with a random intercept for participant and price difference within 
price level:answer ~ nudge * price + product + nudge * level + (1|ID) 
+ (1|price/level). An omnibus ANOVA test (Type II Sums of Squares) 
with Wald statistics showed a significant main effect of price difference 
[χ2(3) = 417.71, p < .001], amounting to a larger log odds for choosing 
an eco-friendly option with a smaller price difference (all ps < .001); a 
main effect of price level [χ2(2) = 399.15, p < .001], amounting to a 
larger log odds for choosing an eco-friendly option with a lower price 
(all ps < .001); a main effect of product [χ2(2) = 239.79, p < .001], 
amounting to a larger log odds for choosing an eco-friendly option with 
monitors and speakers compared to smartphones (all ps < .001); and a 
main effect of nudge [χ2(2) = 48.01, p < .001]. Nudge moreover 
interacted with price-difference (illustrated in Fig. 3, Panel A) [χ2(6) =
22.74, p < .001]. Tukey pairwise comparisons showed a significant 
difference between control and attraction at price difference 4 (Log odds 
ratio = - 1.07, Z = - 5.49, p < .001) and attraction and default at price 
difference 4 [Log odds ratio = 1.28, Z = 6.51, p < .001]. Hence, at price 
difference 4, the attraction nudge yielded higher proportions of eco- 
friendly choices than control and default. There was also an interac-
tion between nudge and price level (illustrated in Fig. 3, Panel B) [χ2(4) 
= 33.35, p < .001]. Tukey pairwise comparisons showed a significant 
difference between control and attraction at the high price level [Log 
odds ratio = - 1.09, Z = - 6.32, p < .001] and attraction and default at the 
high price level [Log odds ratio = 1.39, Z = 7.96, p < .001]. Hence, when 
the price for products was high, attraction resulted in more eco-friendly 
choices than control and default. 

Fig. 2. Interaction effects. Note. Panel A il-
lustrates the marginal predicted probabilities 
of choosing an eco-friendly option (y-axis) 
for the effect of price difference (x-axis) 
going from 1 (small) to 4 (large) and nudge 
(upper panel). Panel B illustrates the mar-
ginal predicted probabilities for an eco- 
friendly option/y-axis) for the effect of 
nudge (x-axis) and price (panel). Marginal 
predicted probabilities represent the aver-
ages of all covariates across all individuals in 
all clusters (including the random effects), 
hence their discrepancy with the choice 
proportions.   

Table 2 
Twelve Choice Options for Smarthones by Combining the Price Levels in Control 
US Dollars (Low, Middle, High) and Price Differences (+5%, +10%, +15% and 
+25%).   

Item   
Price of options 

Price level Price difference Cheap Eco Decoy 

1 Low +5 89 93 102 
2 +10 89 98 107 
3 +15 89 102 111 
4 +25 89 111 120 
5 Medium +5 219 230 252 
6 +10 219 241 263 
7 +15 219 252 274 
8 +25 219 274 296 
9 High +5 499 524 574 
10 +10 499 549 599 
11 +15 499 574 624 
12 +25 499 624 674 

Note. The Price Difference Denotes the Increase in Price of the Eco Option as 
Compared to the Cheap Option. The Decoy Option is Only Included in the 
Attraction Condition, in the Control and Default Conditions, Only Eco and Cheap 
are Presented. 

5 The pilot indicated that a number of people had difficulty interpreting nine 
of the fifteen NEP items, so these items were excluded from the final ques-
tionnaire. The shortened version included the statements: ‘Humans have the 
right to modify the natural environment to suit their needs’; ‘Humans are 
severely abusing the planet’; ‘Plants and animals have the same rights as 
humans to exist’; ‘Nature is strong enough to cope with the impact of modern 
industrial nations’; ‘Humans were meant to rule over the rest of nature’; ‘The 
balance of nature is very delicate and easily upset’. PCA of the shortened NEP 
scale shows it to be reliable (Cronbach’s alpha = 0.72). 

M. Guath et al.                                                                                                                                                                                                                                  



Journal of Environmental Psychology 81 (2022) 101821

8

We investigated whether the effect of product was driven by price or 
if it was an effect of product characteristics. To investigate the pure 
influence of product, we controlled for the effect of price with a random 
intercept for price for each participant. A model with an interaction 
between nudge and product, an offset for each participant’s intercept for 
product and a random intercept for each participant. Results (Supple-
mentary material, Table S3) showed no significant effects of nudge nor 
product. Hence, the effect of product is driven by price. 

Fig. 3 illustrates that, at a high price range, using attraction effects 
results in more eco-friendly choices being made than when using de-
faults or nothing (control). In a study on eco-friendly choices, Taube and 
Vetter (2019) found an interaction between default and environmental 
attitudes, amounting to a positive effect for those with 
pro-environmental attitudes. We conducted a post-hoc analysis with an 
interaction between nudge and each environmental measure (EA, EI, 
and NEP). A Spearman correlation between the mean of each partici-
pant’s answer and the score on EA, EI and, NEP showed significant 
positive correlations for all measures, EA: rs = .27, p < .001, N = 237, EI: 
rs = 0.25, p < .001, N = 237 and, NEP: rs = 0.21, p = .001, N = 237. We 
fitted a model with the product choice (eco/non-eco-option) as depen-
dent variable, main effects of, and an interaction between, nudge and 

EA, nudge and EI, nudge and NEP, and a random intercept for each 
participant. 

The results (Supplementary material: Table S4) showed a significant 
effect of EA [b = 0.06, z = 2.49, p = .013] and EI [b = 0.17, z = 2.28, p =
.022], amounting to a larger log-odds for choosing an eco-friendly op-
tion with a unit increase on the respective scale measures. There was 
also a significant interaction between default and NEP [b = 0.07, z =
2.02, p = .043], amounting to a larger log-odds of choosing an eco- 
friendly option with a unit increase on NEP when defaults were used, 
as compared to the control condition (see Fig. 4). 

To sum up, in Experiment 2 both our hypotheses were supported 
through two interactions. Attraction resulted in a higher proportion of 
eco-friendly choices in two interaction effects: one for nudge and price 
level and one for nudge and price difference. With high price and a large 
price difference, attraction resulted in a significantly higher probability 
of an eco-friendly choice compared with control and default, as pre-
dicted by the range effect. There was also an effect of product, with a 
higher probability of eco-friendly choice with speakers and monitors. 
Given that speakers were the cheapest devices, compared to smart-
phones and monitors, it is possible that the effect is driven by price. An 
analysis controlling for the effect of price did not show any significant 

Fig. 3. Interaction effects Note. Panel A illustrates the marginal predicted probabilities of choosing an eco-friendly option (y-axis) for the effect of price difference (x- 
axis) going from 1 (small) to 4 (large) and nudge (lower panel). Panel B illustrates the marginal predicted probabilities for an eco-friendly option (y-axis) for the effect 
of nudge (x-axis) and price (lower panel). 

Fig. 4. Predicted probabilities 
Note. Marginal predicted probabilities for eco-friendly choices for all products (y-axis) for NEP (x-axis) for control (Panel 1), for attraction (Panel 2) and for default 
(Panel 3). 
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effects of either product or nudge, thus, there was no effect of product 
characteristics. The positive effect of attraction is noticeable regardless 
of product when the price is high, that is, when there is a cost for being 
eco-friendly. Finally, a post-hoc analysis of the interaction between 
nudge and pro-environmental attitudes showed that there was a higher 
probability of choosing eco-friendly options with default and a higher 
NEP score. 

4. General discussion 

The present study investigated whether it was possible to influence 
consumers to make more eco-friendly choices in a fictive e-store offering 
three different electronic products (smartphones, monitors and portable 
speakers). Results from two experiments showed that nudges affected 
the probability of making an eco-friendly choice, in both Experiment 1 
and 2 the default option resulted in a smaller probability of an eco- 
friendly choice and in Experiment 2 attraction resulted in a higher 
probability of an eco-friendly choice. Results also revealed a large effect 
of price level and price difference: when the price is low and when the 
price difference between eco and non-eco options is small, people 
choose the eco-friendly option regardless of condition. However, when 
the price was high and the price difference was large, attraction resulted 
in a higher probability of an eco-friendly choice in Experiment 2. 
Finally, a post-hoc analysis in Experiment 2 showed that the default 
resulted in a higher probability of an eco-friendly choice among those 
with a stronger pro-environmental worldview as measured by NEP. 

In line with previous research showing that defaults can have a 
negative effect in the environmental domain (Jachimowicz et al., 2019), 
the default option resulted in a lower probability of an eco-friendly 
choice in both experiments. One explanation is offered by research 
showing that past experiences with default decisions may influence 
future acceptance of defaults (de Haan & Linde, 2018) and, hence, un-
welcome recommendations may lead to reactance (Fitzsimons & Leh-
mann, 2004). A recent study on defaults points at the possibility of 
counteracting reactance, without reducing the default effect, by 
informing people why they should exhibit the targeted behaviour 
(Paunov et al., 2020). 

In our sample in Experiment 2 there were five of 101 participants 
who chose exclusively non-eco options in the default condition, a 
pattern that was not found in these participants’ answers in the other 
two conditions. Presumably, this was an active stance against the default 
option. It might be that pro-environmental attitudes moderated the ef-
fect of defaults, as in Taube and Vetter (2019), who found that the 
default was efficient in people who had pro-environmental attitudes. 
This is indeed what we found in Experiment 2, where the default 
resulted in a higher probability of eco-options for participants with a 
more biocentric worldview, that is, higher score on NEP. EI and EA were 
highly correlated, whereas the correlation between NEP on one hand, 
and EI and EA on the other, was relatively weak (see Table S5, Sup-
plemental Material). This suggests that the EA and EI measures may 
have tapped into a similar or related construct, whereas the NEP covered 
a different construct. It has been suggested elsewhere that NEP strongly 
predicts general environmental concern, while mediating influences of 
socio-demographic variables on this general environmental concern 
(Xiao et al., 2019). Whereas EA and EI measured attitudes towards 
respectively energy awareness and environmental identity, the NEP 
captures a wider construct, that is people’s environmental belief sys-
tems. This might account for the fact that we found different patterns for 
the NEP compared to the EI and EA. Practically, it suggests that people’s 
belief systems may play a role in the effectiveness of nudge techniques. 

Since we did not gather data on participants’ environmental world-
views, identity, or attitudes in Experiment 1, we could not control for 
any effect of default resulting from these variables. A complementary 
explanation to the absence of default effect among people scoring low on 
NEP is given by a line of research studying the difference between 
choosing and rejecting, showing that people give more weight to 

desirable attributes when choosing and to undesirable attributes when 
rejecting (Sokolova & Krishna, 2021). Thus, pro-environmental in-
dividuals might focus on the desired attribute, eco-stars, whereas less 
pro-environmental individuals focus on the undesired attribute “high 
price”. 

Concerning the lack of attraction effect in Experiment 1, we specu-
late that it may be attributed to a ceiling effect. The sample in Experi-
ment 1 – consisting of Swedish university students – displayed a 
significantly higher proportion of eco-friendly choices at an aggregate 
level than those in Experiment 2. This was true for both attraction and 
control, but not for default, here the proportions of eco-friendly options 
per participant in Experiment 1 were almost the same as in Experiment 
2. With most participants already choosing eco-friendly options in the 
control condition in Experiment 1, there is little space for improvement 
in any nudge condition. Indeed, Huber et al. (2014) suggest that context 
effects, like the attraction effect, are more likely to occur if people do not 
have strong preferences concerning the target product, and if the dis-
tribution of preferences for the two alternatives is approximately even. 
Another explanation is provided by a recent evaluation of the attraction 
effect (Padamwar et al., 2021) showing that range extension amplifies 
the attraction effect systematically, specifically, decoys placed closer to 
the target failed to produce an attraction effect. In Experiment 2, we 
extended the price ranges, and consequently the decoys were positioned 
farther from the targets, compared with Experiment 1. 

In Experiment 2, there was a main effect of device, which might be an 
effect of price. An analysis controlling for the effect of price level showed 
no effects of product category. This suggests that nudges should mainly 
be used when the product price is high, when the price is low it suffices 
to attach an eco-label to the product. However, other research in the 
food-domain (Hoenink et al., 2020) suggests that nudges (salience 
nudges) are efficient both in low and high price conditions, and that it is 
the combination of pricing and nudging that drives choices. Yet our 
results suggest that it is precisely when the cost for acting environ-
mentally friendly is large (i.e., the price is high or the price difference is 
large) that nudging has its effect. A conciliatory interpretation of the 
differing results is given by Trueblood et al. (2013) who investigated the 
effect of different decoys: range, frequency, and a combination of both. 
A range decoy has a lower value on the option’s weaker attribute (i.e., 
higher price when the target option was already expensive) and a fre-
quency decoy has a lower value on the option’s stronger attribute (e.g., 
less eco-friendly when the target option is eco-friendly). A combination 
of these has both a lower value on the option’s stronger attribute, and a 
lower value (that is, evaluated as ‘lower’) on the option’s weaker attri-
bute (i.e., higher price and lower eco-friendliness). It turned out that 
range decoys were most efficient, however, in the present study we used 
a combination of both. This may have affected the efficiency of the 
attraction effect, and that we might have been able to observe a greater 
attraction effect also in the lower price ranges. Future research should 
investigate whether a combined range-frequency decoy may have a 
greater effect in online eco-friendly purchase decisions. 

In Experiment 2, we observed a main effect of environmental identity 
and energy awareness on eco-friendly choices; those with a stronger 
environmental identity, and with more (self-reported) energy aware-
ness, were more likely to go for an eco-friendly option. This was 
regardless of condition, that is, there were no interactions between 
nudges and these measures. Ecological worldview (NEP) did not have a 
main effect on eco-friendly choices, but it did show up as an interaction 
effect with default, that is, those who had strong biocentric worldviews 
were more inclined to go along with the eco-friendly default. 

The present study has some limitations. We did not ask participants 
about their preferences for the products, nor did we address environ-
mental values in Experiment 1. The fact that the context was a fictive 
environment, that is, participants did not actually buy the products nor 
were they given an incentive, is a threat to the validity of the results, 
though we did strive to recreate the visual experience of an actual e- 
store to accommodate for this weakness as much as is possible in a lab 
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experiment. Another limitation is that our choice set was quite small, 36 
choices per participant. That said, we do replicate previous findings 
regarding the default and attraction effects in digital nudging. On the 
other hand, research (Lichters et al., 2015) has shown that repeated 
choices may mitigate the effect of nudges, implying that increasing 
number of choices is not a productive pursuit. 

Future research should investigate the effect of personal values 
attached the items presented in the e-store as well as giving the oppor-
tunity to buy the items. Larger data sets would enable more person-
alisation, nudge-filtering (see Karlsen & Andersen, 2019) of the online 
environment and the opportunity to test the feasibility of strategies for 
increasing eco-friendly decisions. Another research direction that de-
serves more attention is the different reasons for choosing the default as 
conceptualised by Dinner et al. (2011) in an online environment. One 
possibility is that the default effect and the attraction effect tap into 
different decision-making mechanisms: while the attraction effect seems 
to rely on decision-making mechanisms that can be explained by 
decision-by-sampling models (Noguchi & Stewart, 2018), and is found 
in low level perceptual tasks (Trueblood et al., 2013), the default effect 
is explained by the query theory (Dinner et al., 2011). 

Regardless of what levels of decision-making mechanisms are acti-
vated by nudges, research needs to be complemented with investigations 
of ethical aspects, for instance, is it morally permissible to use digital 
nudges to induce people to make more eco-friendly options? Nudging 
has been criticised for capitalising on people’s cognitive shortcomings 
(Grüne-Yanoff & Hertwig, 2016), and research on the ethical accept-
ability of nudges shows that although some nudges are considered 
acceptable in some contexts, other nudges are less tolerated (Hagman 
et al., 2015; Schubert, 2017). In contrast to nudges, boosts are behaviour 
decision-making support tools which demand more active participation 
from the individual: specifically, they try to provide the individual with 
capacities for making good decisions (Hertwig & Grüne-Yanoff, 2017), 
alter a person’s cognition and are transparent about intentions and 
outcomes (Goodwin, 2012). Whether this approach is suitable in an 
online environment is an empirical question that remains to be 
investigated. 

To conclude, we found that attraction is a promising nudge for 
increasing the probability of an eco-friendly choice in a fictive online 
store, particularly when the price is high, or when the price difference 
between choices is large. Although default had a negative effect on eco- 
friendly choices at a group level, it was efficient among those who held a 
strong biocentric worldview. Future research should replicate and 
expand the paradigm to examine its utility and ethicality for larger-scale 
implementation. 
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