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Abstract 
A major part of anthropogenic climate change is due to everyday human be-
havior, such as transportation, food and energy consumption. As a result, it has 
been argued that many barriers for mitigating climate change are psychological 
in nature. For example, people’s decisions and behaviors are subject to heuris-
tics and biases which sometime harm our decisions. The benchmark of the pre-
sent thesis is the finding that people believe that adding environmentally 
friendly items to a set of conventional items reduces the impact of the whole 
set. This phenomenon has been coined a negative footprint illusion (NFI). How 
robust is this effect, is it generalizable across judgmental dimensions and what 
is the mechanism that underpins the effect? This thesis concerns these three 
questions. Paper 1 found support for the assumption that an averaging bias un-
derpins the NFI. On this view, the NFI appears because people intuitively re-
spond with the average of the ‘vices’ (the unfriendly objects) and ‘virtues’ (the 
more environmentally friendly objects) in the combined set of objects. Paper 2 
demonstrated that the NFI is insensitive to some levels of expertise. Further-
more, Paper 2 also reported the first demonstration of the NFI in the context of 
a within-participants design. Paper 3 found that a NFI can also be demonstrated 
in the context of atmospheric CO2 concentration estimates. Paper 3 also re-
ported further evidence for the averaging bias account of the NFI and showed 
that the effect is at least insensitive to some variations in the framing of the 
problem posed to the participants. Paper 4 demonstrated that the NFI can be 
eliminated by priming a summative mindset before requesting participants to 
make the environmental impact estimates. Taken together, this thesis shows 
that the NFI is a robust phenomenon that can be found across various to-be-
estimated stimulus materials, it appears to be underpinned by an averaging bias 
but can be cognitively controlled in certain conditions. 

Keywords: The negative footprint illusion; averaging bias; environmental im-
pact estimates; decision-making; climate change 



Sammanfattning 
Klimatförändringarna påverkas till stor del av mänskliga beteenden, till exem-
pel transport, mat- och energikonsumtion. Därför argumenterar ett flertal fors-
kare för att flera barriärer för att bromsa klimatförändringarna är av psykolo-
gisk natur, snarare än teknologisk. Klimatförändringarna är till exempel bero-
ende av hur vi människor fattar beslut, vilka i sin tur påverkas av heuristiker 
och kognitiva snedvridningar som ibland vilseleder vårt beslutsfattande. Den 
här avhandlingen studerar ett fenomen som innebär att människor ofta tror att 
om man lägger till ett miljövänligt objekt till en samling konventionella objekt 
minskar det totala koldioxidavtrycket totalt sett, ett fenomen som kallas för 
”den negativa fotavtrycksillusionen” (NFI). Hur robust är den här effekten, kan 
den generaliseras till andra bedömningsdimensioner och vilken mekanism ger 
upphov till effekten? Avhandlingen behandlar dessa frågor. Artikel 1 ger stöd 
för att en genomsnittsprocess orsakar NFI. Mer specifikt, NFI uppstår för att 
människor intuitivt svarar med genomsnittet av de icke miljövänliga objekten 
tillsammans med de miljövänliga objekten. Artikel 2 visade att NFI är relativt 
okänslig för expertis och att illusionen uppstår även när människor kan jämföra 
sina estimat av olika objektsamlingar. Artikel 3 fann att NFI även kan uppstå i 
en kontext där deltagarna ombeds skatta den atmosfäriska koldioxidkoncent-
rationen. Artikel 3 gav också ytterligare stöd för att en genomsnittsprocess ger 
upphov till illusionen och demonstrerade att illusionen åtminstone till del är 
okänslig för hur bedömningsproblemen är presenterade för deltagarna. Artikel 
4 visade att NFI kan elimineras genom att prima ett additivt tankesätt innan 
deltagarna gör bedömningen. Avhandlingen visar sammanfattningsvis att NFI 
är ett robust fenomen som uppstår för flera stimulusmaterial, att en genom-
snittsprocess tycks ge upphov till NFI och demonstrerar att effekten kan kon-
trolleras kognitivt i vissa situationer. 

Nyckelord: Den negativa fotavtryckillusionen; genomsnittsprocess; miljöpå-
verkan; beslutsfattande; klimatförändringarna 
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Introduction 

Imagine that you take your bicycle to work every day, you are very conscious 
about your shopping habits and try to purchase as many eco-friendly products 
as possible, and after using your products you recycle them. Your friends then 
ask you if you want to take a vacation. One requirement for taking the vacation, 
however, is that you have to fly there since no other means of transportation is 
available. You hesitate for a moment, thinking of the environmental impact a 
flight causes. Then you remember all of the other pro-environmental behaviors 
that are part of your daily routine. That compensates for the plane ride, right? 
To some of us, this way of reasoning feels rational and ignores the fact that a 
plane ride (e.g., A) and, for example, buying eco-friendly products (e.g., B) 
both have an impact on the environment. Taken together, this way of thinking 
is formally like believing that A+B < A, in terms of environmental impact. 
Recent research has shown that people apply these compensatory beliefs to 
environmental impact estimates of different objects, as well as behaviors. For 
example, in one study by Gorissen and Weijters (2016), people estimated that 
a hamburger with an eco-friendly side dish (an organic apple) had a lower car-
bon footprint compared to the hamburger alone, which is logically impossible 
as an apple, albeit eco-friendly, also has a carbon footprint. This phenomenon 
was coined a negative footprint illusion. How robust is this effect, is it gener-
alizable to other judgment problems and what is the mechanism which under-
pins the effect? This thesis concerns these three questions.  

The consensus for climate change is overwhelming (e.g., IPCC, 1995; 
IPCC, 2016; USGCRP, 2017; UK Climate Change Risk Assessment, 2017), 
and both individual researchers (e.g., Oreskes, 2005), and intergovernmental 
bodies (IPCC, 2015) are arguing (supported by scientific evidence) that hu-
mans are the main cause of the change’s rapid development. In fact, the Inter-
governmental Panel on Climate Change concluded in their 2015 report that 
they are 95% confident that humans are the main cause of global warming. 
Indeed, carbon dioxide emissions are at an all-time high and are 150 times 
greater than they were in 1850 (IPCC, 2015; World Resource Institute, 2014). 
Because of this consensus and the overwhelming evidence, several warnings 
have been issued. For example, the World Health Organization (2017) has clas-
sified global warming as the greatest threat to global health in the 21st century 
and the World Economic Forum (2016) has called it a greater risk than weap-
ons of mass destruction. Psychologists as well as other researchers in other 
disciplines have recognized the importance to deal with climate change (Amer-
ican Psychology Associations, 2008), and global climate change has been iden-
tified as one of the grand challenges to overcome in the 21st century (Sörqvist, 
2016).     

Technological interventions that can be used for mitigating climate change 
effects are already available (e.g., Smith & Stirling, 2010). However, a major 
part of anthropogenic climate change is due to everyday behavior, such as 
transportation (Köhler, 2006), food (de Vries & de Boer, 2010) and energy 
consumption (Bin & Dowlatabadi, 2005). As a result, it has been argued that 
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many barriers for mitigating climate change are psychological in nature 
(Gifford, 2011; Sörqvist, 2016). For example, people’s decisions and behav-
iors are subject to heuristics and biases (Zaval & Cornwell, 2016), irrelevant 
stimuli (Guéguen, 2012), habits (Marien, Custers, & Aarts, 2019), and past 
behavior (Sorrell, Gatersleben, & Druckman, 2020). These antecedents can 
produce undesirable behaviors that exacerbate the negative environmental con-
sequences derived from the behaviors stated above. 

What can be deduced from the previous paragraph is that global climate 
change has multiple causes. These causes can be found at different levels of 
analysis. They can be found at individual (i.e., micro level), organizational or 
group level (i.e., meso level) and societal level (i.e., macro level). To tackle 
climate change the best way possible, all of these levels of analysis should 
(arguably) be taken in to consideration. This thesis will make a distinction be-
tween three levels of analysis, these are the cognitive, the behavioral and the 
societal level. These are interactive and build on one another. More specifi-
cally, the societal level is underpinned by behaviors, which, in turn, are under-
pinned by cognition. This thesis concerns the cognitive level of analysis, 
whereas the behavioral and societal levels of analysis puts the thesis into con-
text. 

In the next sections of the Introduction, I first describe some behavioral 
effects with relevance to the environmental domain and anthropogenic envi-
ronmental change. Next, I shift to a more basic cognitive level of analysis and 
discuss the interactions between human behavior and the environment in view 
of how this interaction can be underpinned by cognitive processes. Finally, I 
end the Introduction by addressing a specific cognitive effect called the Nega-
tive footprint illusion, which is within the specific scope of the present thesis. 

Behavioral negative spillover effects in the environmental 
domain 
One particular example of behaviors that, usually, have a negative impact on 
the environment is negative spillover effects, which can – in the environmental 
domain – be described as when “one pro-environmental behavior decreases the 
likelihood of additional pro-environmental behaviors” (e.g., Truelove, Carrico, 
Weber, Raimi, & Vandenbergh, 2014, p. 128). One type of such negative spill-
over is rebound effects (also called take-back effects), which have been studied 
extensively in both the psychological and economical domain. The idea is that 
when the cost for each unit of energy decreases due to – for example – energy 
efficiency, overall usage increases, which sometimes offsets the benefits of the 
(previous mentioned) efficiency. This effect negates around one third of energy 
efficiency upgrades as demonstrated by an extensive literature review by 
Ehrhardt-Martinez and Laitner (2010). This ends in a negative impact on the 
environment. For example, participating in a green power program can lead to 
an increase in household energy consumption (Jacobsen, Kotchen, & Vanden-
bergh, 2012). Another example is that weatherizing one’s home can result in 
an increase in people’s thermostats during winter times (Hirst, White, & 
Goeltz, 1985). However, when talking about rebound effects, is important to 
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mention the net-effect. Even though a rebound effect does occur after an inter-
vention leading to energy efficiency, the net-effect might be an increase in en-
ergy efficiency (Jacobsen et al., 2012).  

Moral licensing effects are another type of negative spillover. This effect 
occurs when individuals license themselves to act immorally after establishing 
moral credentials (e.g., Mazar & Zhong, 2010). As pro-environmental behav-
ior sometimes is perceived as moral behavior (e.g., Steg, Dreijerink, & Abra-
hamse, 2005; Stern, 2000) these effects have manifested themselves in the en-
vironmental domain. For example, Sachdeva, Iliev, and Medin (2009) found 
that making people recall moral behavior in the past made them less likely to 
support anti-pollution measures. Similarly, electric car owners felt less likely 
to engage in moral behavior compared to people owning conventional cars 
(Klöckner, Nayum, & Mehmetoglu, 2013). By the same token, Mazar and 
Zhong (2010) found that people were more likely to cheat and steal after being 
exposed to eco-friendly products compared to those exposed to conventional 
products. It should, however, be noted that there have been attempts to repli-
cate the study by Mazar and Zhong (2010), without any success (Urban, 
Bahník, & Kohlova, 2019), and some researchers has questioned whether the 
evidence for moral licensing effects has been inflated by publication bias 
(Kuper & Bott, 2019). These studies, nonetheless, suggest that people try to 
find a balance, or some sort of average, between good and bad deeds, or their 
“moral currency” as stated by Sachdeva and colleagues (2009). Moral behavior 
can be costly for an individual (Eisenberg & Shell, 1986) and to regress to a 
more comfortable state, people seem to use moral licensing. The same is true 
for moral cleansing, which refers to the behavior people engage in to regain 
moral balance after immoral behavior (Sachdeva et al., 2009). For example, 
materialistic individuals, in one study, engaged in indirect pro-environmental 
behavior to compensate for their materialism (Tang & Hinsch, 2018). 

In the next sections, the thesis moves on to the cognitive level of analysis. 
Before progressing to describing how behaviors may be linked to heuristics 
and biases, it is appropriate to first give a brief explanation to what this thesis 
means by heuristics and biases. This will be briefly presented in the next sec-
tion. 

Cognition, heuristics and biases 
In the decision-making literature many researchers claim that there exists two 
families of cognitive operations (e.g., Gilbert, 1999). In contemporary litera-
ture of this, so called, dual process theory, the families of operation are de-
scribed as two systems, System 1 and System 2 (e.g., Evans & Stanovich, 
2013a, b). System 1 is characterized by features such as fast, automatic, and 
intuitive, whereas System 2 has features such as slow, controlled, and reflec-
tive (Evans & Stanovich, 2013a). Several researchers argue that the intuitive 
System 1 is largely responsible for biased responses and intuitive decision 
making (e.g., De Neys, 2006), these responses are monitored by System 2 and 
can, in some cases be overridden (Newell, Lagnade, & Shanks, 2015). Con-
sider this classical problem which has been known as the “ball and the bat 
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problem”: “If a ball and a bat cost $1.10 in total and the bat cost 1 dollar more 
than the ball, how much does the ball cost?”. Most people answer that the ball 
cost 10 cents (Kahneman & Frederick, 2002), which is wrong. The ball, in fact, 
costs 5 cents. In this classical problem, System 1 is thought of as proposing an 
intuitive answer (i.e., 10 cents), which is monitored by System 2. System 2 can 
then either accept or refuse the response. There is neurological (McClure, 
Laibson, Loewenstein, & Cohen, 2004), experimental (De Neys, 2006) and 
correlational evidence (Toplak, West, & Stanovich, 2011) for the involvement 
of two types of processing in decision making. However, it is important to note 
that System 1 can, indeed, lead to correct answers and System 2 to incorrect in 
some cases. Fast responses given by System 1 have been necessary for survival 
and success during evolution (Haselton, Nettle, & Murray, 2016). 

Throughout evolution, the human brain has been shaped to help people 
make fast and frugal decisions that require little effort. This is because using 
sophisticated strategies for each decision in one’s everyday life is hardly ad-
vantageous in the long run. For example, to use complex algorithms for each 
decision takes time and requires more attentional resources compared to sim-
pler alternatives. To cite Arkes (1991, pp. 486-487): “The extra effort required 
to use a more sophisticated strategy is a cost that often outweighs the potential 
benefit of enhanced accuracy”. To help make these fast and frugal decisions 
people use heuristics (characterized by System 1), which can be described as a 
rule of thumb or a mental shortcut toward making a decision (Haselton et al., 
2015), and are characterized by frugality. More specifically, they disregard 
parts of the information when making a decision. Instead of finding the best 
solution (i.e., optimize a decision) they help to find a good-enough solution 
(Gigerenzer, 2008).  

Even though there are several misconceptions about heuristics, for example, 
that they often produce second-best results, they often work (Gigerenzer, 
2008). Take the N/1-heuristic for example. This heuristic is used when making 
decisions with regard to investment behavior (allocating money across funds) 
and posits: “allocate your money equally to each of N funds” (Gigerenzer, 
2008). There is, indeed, empirical evidence suggesting that this heuristic is bet-
ter in terms of monetary return compared to various portfolio models designed 
to optimize choice of allocating one’s money (DeMiguel, Garlappi, & Uppal, 
2007). Heuristics also have an impact on moral behavior. For example, con-
sider the vast gap of organ donors in the U.S (28%) and France (99.9%). At a 
first glance one might think that the French are more moral compared to Amer-
icans. However, this gap is a consequence of the default heuristic, which posits 
that: “if there is a default, do nothing about it”. More specifically, in France, 
every person is a potential organ donor since to be a donor is the default option. 
To not become a donor the French have to choose not to (i.e., by opting out). 
The opposite is the case for the Americans (Johnson & Goldstein, 2003). These 
two examples are instances in which heuristics can help people make – justifi-
ably – good decisions. However, heuristics can on the other hand lead to sys-
tematic biases which can harm our decisions when used in inappropriate con-
texts.  
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The availability heuristic and the representativeness heuristic are two com-
mon examples that demonstrate that heuristics can impair our decisions in 
some contexts. The representative heuristic was first coined and demonstrated 
by Tversky and Kahneman (1983). They asked participants to estimate the 
likelihood of a fictional character, named Linda, to have different occupations. 
The participant first read a description of Linda, written in such a way that it 
was representative of a feminist. Then they were requested to make the likeli-
hood estimates. Two occupation alternatives were more interesting than others. 
Participants in the study estimated that it was more likely that Linda was a (1) 
feminist and a bank teller compared to (2) a bank teller alone. As the first al-
ternative includes the second alternative it has to have a lower probability com-
pared to the second according to the conjunction rule, P(A) > P(A+B). The 
author coined this erroneous way of reasoning the conjunction fallacy, and to 
their surprise over 80 % fell prey to the fallacy. The authors suggested the 
representativeness heuristic as the underpinning mechanism for the fallacy 
(people answered the degree to which Linda resembled a feminist rather than 
the likelihood of having different occupations). Moreover, when people base 
estimates on the ease with which certain instances or occurrences come to 
mind, they use the availability heuristic, which is often at work when estimat-
ing probabilities and frequency (Tversky & Kahneman, 1973). One example 
of this is that people think that words ending with _____ing are more frequent 
in an essay compared to words ending with ______n_, even though the first 
includes the second (Tversky & Kahneman, 1973). The authors also demon-
strated that people are more likely to generate words ending with _____ing. 

As the above examples reveal, even though heuristic can lead to correct 
estimates and judgments when they are used in information-processing tasks 
they are adapted to, they can undeniably lead to systematic biases when used 
in inappropriate contexts (e.g., Tversky & Kahneman, 1983). This thesis de-
fines biases (or cognitive biases) as a deviation from rational (or correct) re-
sponses. Biases are hence associated with reasoning mistakes; they are argua-
bly the result of intuitive System 1 processing and occur even though all nec-
essary information for a correct response is available and understood. One rea-
son for biased responses might be “attribute substitution”, proposed by 
Kahneman and Frederick (2002), which states that: “when confronted with a 
difficult question people often answer an easier one instead, usually without 
being aware of the substitution” (Kahneman & Frederick, 2002, p. 53). This 
may be the reason why, for example, people overestimate the energy demand 
of large appliances, and vice versa (i.e., a size heuristic; Cowen & Gatersleben, 
2017). More specifically, when people in Cowen and Gatersleben’s (2017) 
study were asked how much energy a product demanded (i.e., the target attrib-
ute), they (according to the attribute substitution) might have answered an eas-
ier question instead: how large the appliances were (i.e., the heuristic attribute). 
Or in the case of the “Linda problem” explained above, people answered the 
degree to which Linda resembled a feminist (i.e., the heuristic attribute) instead 
of how likely it was that Linda was a feminist and a bank teller (i.e., the target 
attribute). As target attributes and heuristic attributes often are considerably 
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different, attribute substitution inevitably lead to systematic biases (Gilovich, 
Griffin, & Kahneman, 2002). 

Heuristics and biases in the environmental domain 
In a perfect world, beliefs about climate change would be independent of irrel-
evant information, and rather be influenced by scientific or tangible evidence. 
However, a vast body of research in psychology has demonstrated that this is 
not the case. For example, beliefs about climate change are influenced by out-
door temperature (Zaval, Keenan, Johnson, & Weber, 2014), priming 
(Joireman, Truelove, & Duell, 2010), indoor plants (Guéguen, 2012), type of 
temperature scale (i.e., Fahrenheit vs. Celsius; Chan, 2018), and framing 
(Schuldt, Konrath, & Schwartz, 2011). Decisions and behaviors influencing 
climate change are, in the same way as beliefs, influenced by seemingly irrel-
evant factors, such as preceding behavior (e.g., Sorrell et al., 2020). 

There are several possible mechanisms underlying human behavior such as 
those described above about negative spillover effects. For example, compen-
satory green beliefs (e.g., I recycle therefore I can take my car to work) have 
been proposed as the precursor for rebound effects (Kaklamanou, Jones, Webb, 
& Walker, 2015). Other proposed precursors are the single action bias, which 
posits that people occasionally perceive that the occurrence of a certain risk 
(e.g., flooding) is reduced by a single ameliorative action (Weber, 1997), 
which might lead to other more efficient interventions dealing with climate 
change being overlooked. Whether a decision leads to negative spillover also 
seems to depend on which mode the initial decision is made. More specifically, 
certain decision contexts that elicit positive or negative emotions can uninten-
tionally influence decisions. For example, a decision context eliciting fear, 
guilt or risk may lead people to use a behavior to get away from that negative 
emotion. As negative emotions often are aversive, a single action is often suf-
ficient enough to reduce the negative mood state (Weber, 1997). Hence, one 
can argue that misusing the affect heuristic (i.e., making a decision based on 
the overall affect the stimulus elicits) results in the single action bias. On the 
other hand, research suggests that negative spillover effects relating to moral 
licensing (and cleansing) are underpinned by a strive for balance between good 
and bad deeds (e.g., Sachdeva, Iliev & Medin, 2009; Zhong, Liljenquist, & 
Cain, 2009). These moral licensing effects may arise due to a misuse of a bal-
ancing heuristic which is used to restore balance in interpersonal relationships 
(Sörqvist & Langeborg, 2019). The misuse of that particular heuristic can in 
turn lead to systematic biases, one cognitive bias which supposedly can be at-
tributed to this misuse is the averaging bias (e.g., Chernev & Gal, 2010). 

The negative footprint illusion and the averaging bias 
Gorissen and Weijters (2016) demonstrated that people believe that the carbon 
footprint of a whole meal decreased when an eco-friendly side dish was added, 
which is necessarily incorrect as eco-friendly products also contribute with a 
carbon footprint. They replicated the effect in two more experiments, which 
gave evidence that the effect was insensitive to scale types. They coined the 
effect the negative footprint illusion. Since their 2016 paper, the effect has been 
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replicated with hybrid cars vs. petrol cars (Kim & Schuldt, 2018) and meat vs. 
insect hamburgers (Kusch & Fiebelkorn, 2019), two studies which suggest that 
the negative footprint illusion is insensitive to the quantity of objects.  

The negative footprint illusion resembles other effects demonstrated in the 
decision-making literature (e.g., Chernev & Gal, 2010). For example, when 
highly favorable information about a product is accompanied with additional, 
moderately, favorable information, people make less favorable evaluations 
about the product compared to when only the highly favorable information is 
presented (Weaver, Garcia, & Schwarz, 2012). Kunz, Messner and Wallmeier 
(2017), correspondingly, found that investors’ perceived risk of a risky stock 
decreases when a safe stock is added, even though the risk strictly increases. 
Further similar effects include: adding less favorable arguments to highly per-
suasive arguments decreases the persuasiveness of the overall message 
(Weaver, Hock, & Garcia, 2016); strong evidence of fraud is perceived as 
weaker when combined with weaker evidence (Lambert & Peytcheva, 2019); 
and adding a healthy side dish (e.g., a salad) to a whole meal makes people 
believe that the calorie content of the whole meal decreases when it, in fact, 
increases (i.e., the negative calorie illusion; Chernev & Gal, 2010). A common 
denominator of the studies presented in this paragraph is that all of them pro-
pose an averaging bias or an averaging thought process as the underpinning 
mechanism for these effects. This is a bias that could theoretically underpin the 
negative footprint illusion as well. More specifically – drawing from the theo-
retical argument from the negative calorie illusion – the idea is that people do 
a vice-virtue categorization of the items as healthy vs. unhealthy, good vs. bad, 
or eco-friendly vs. conventional (in the case for the negative footprint illusion) 
and then base their estimate on their average instead of on the items’ aggre-
gated sum (Chernev & Gal, 2010). An illustrative representation of the aver-
aging process can be seen in Figure 1. 
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Figure 1. The figure shows the averaging process. The process begins with stimulus  
input. The input can be external objects in the surrounding environment or internal 
thoughts or memories. The human brain tends to classify information based on dichoto-
mies, such as "good" versus "bad", "friend" or "foe", "environmentally friendly" or "harm-
ful", "us" or "them", "virtues" or "vices". The brain analyzes the stimulus input's qualities 
and classifies the input into this dichotomization system. When the brain is asked to  
produce an output based on the total stimulus set (not on the individual sets, but the  
two sets in combination), such as an estimate of the environmental impact of environ-
mentally friendly and harmful objects in combination, the brain applies information pro-
cessing heuristics to accomplish this task. Such heuristics are hardwired tools in the 
brain, which makes information processing efficient, pragmatically successful and  
inexpensive. At the same time, these heuristics can result in erroneous thinking when 
applied to a type of problem they are not designed to solve. When the brain prepares 
the quantitative output—the environmental impact estimate—it averages the impact of 
the environmentally friendly and harmful objects. The product of this information pro-
cessing chain—the estimate—is the average of the items in the combined set, not the 
sum of the items.Adapted from “Deceptive sustainability: Cognitive bias in people’s be-
liefs about the benefits of CO2 emission cuts,” by M. Holmgren, et al., 2019, Journal  
of Environmental Psychology. p. 53. The figure is published under a creative commons 
license and may be re-produced. 

Scope of thesis 
The overarching purposes of this thesis were threefold: First, to identify an 
underpinning mechanism for the negative footprint illusion; second, to try to 
delineate some of the boundary conditions and the generalizability of the illu-
sion by using different dependent measures, to be estimated items, and exper-
imental designs; and finally, to explore whether the illusion can be eliminated 
(or cognitively controlled). The negative footprint illusion is important to study 
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and understand as it might play a part in why people sometimes harm the en-
vironment even though they try to treat it well. More specifically, people might 
buy (for example) eco-friendly products to compensate for their consumption 
of conventional products, not considering that a product or object labeled eco-
friendly, environmentally certified, organic etc. also has an accumulative effect 
on the environmental burden produced by the overall consumer behavior.
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Summary of papers 

Research Questions 
Paper 1 
Experiment 1  
The purpose of Experiment 1 was to explore whether the negative footprint 
illusion could be generalized to a different set-up of stimulus-materials. The 
rationale behind using the stimulus material in this paper (i.e., buildings) was 
that it could be used to generate a paradigm within which further, detailed ma-
nipulation of the stimulus material in subsequent experiments, could be used 
to explore the mechanism underpinning the negative footprint illusion. This 
would not have been possible with the stimulus material used in previous re-
search (e.g., hamburgers and organic apples; Gorissen & Weijters, 2016). We 
investigated whether an addition of five environmentally certified buildings to 
a set of fifteen conventional buildings (i.e., the “green” addition condition) 
would result in a lower carbon footprint estimation compared to a control 
group (i.e., the control condition) consisting of the conventional buildings 
alone. The hypothesis was that a lower carbon footprint estimate would be as-
signed to the “green” addition condition compared to the control condition, 
thereby replicating the negative footprint illusion.   

Experiment 2 
The purpose of Experiment 2 was to explore whether an averaging bias under-
pins the negative footprint illusion or whether the illusion emerges because of 
the mere presence of environmentally certified buildings. To investigate this 
we constructed three conditions, the first consisted of fifteen conventional 
buildings (i.e., conventional only condition), the second consisted of fifteen 
environmentally certified buildings (i.e., “green” only condition), and the third 
condition comprised fifteen environmentally certified buildings together with 
fifteen conventional buildings (i.e., conventional and “green” houses condi-
tion). The third condition hence included the constituents of the first two con-
ditions. We hypothesized that the results would support an averaging account 
for the illusion. More specifically, that the carbon footprint estimates for the 
conventional and “green” houses condition would be higher than the “green” 
only condition and lower than the conventional only condition.  

Paper 2 
The experiment in Paper 2 had two purposes. The first purpose was to explore 
whether expertise modulates the magnitude of the negative footprint illusion. 
The second purpose was to investigate whether the illusion still arises when 
the participants are able to explicitly compare the two conditions. To this end 
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we created two conditions describing two fictional suburbs, one with 150 con-
ventional buildings (the conventional condition) and the other with 150 con-
ventional buildings together with 50 “green” buildings (the “green” addition 
condition). The participants were asked to estimate how many trees (1 – 100) 
it would take to compensate for each suburbs monthly greenhouse gas emis-
sions due to energy use. The hypothesis was that the participants would esti-
mate that more trees would be to be planted for the conventional condition 
compared to the “green” addition condition, regardless of expertise, thereby 
replicating the negative footprint illusion. 

Paper 3 
Experiment 1 
The purpose of the first experiment in Paper 3 was to explore whether the neg-
ative footprint illusion could be replicated within the context of atmospheric 
CO2 concentration. More specifically, the participants were asked to estimate 
two scenarios’ contribution to the atmospheric CO2 concentration. The scenar-
ios consisted of one 5-year time period with high emission rates (i.e., the high 
scenario) and a second time period consisting of one 5-year time period of high 
emission rates followed by a 5-year time period with low emission rates (i.e., 
the high + low scenario). It was hypothesized that a negative footprint illusion 
would arise in this context, which would happen if the participants estimated 
that the combined set (i.e., the high + low scenario) results in lower contribu-
tion estimates to the atmospheric CO2 concentration compared to the high sce-
nario alone.   

Experiment 2 
Experiment 2 investigated whether the averaging bias underpins the negative 
footprint illusion in this context. To this end, a second scenario was included 
which consisted of a 5-year time period of lower emission rates (i.e., the low 
scenario). If the averaging bias underpins the negative footprint illusion in this 
context, then the estimated contribution of the ‘high + low scenario’ should 
fall between the estimates of the ‘high scenario’ and the ‘low scenario’. We 
hypothesized that the results would support an averaging account for the illu-
sion. 

Experiment 3 
The purpose of Experiment 3 was to investigate whether the negative footprint 
illusion could be eliminated by removing symbolically significant information 
in the description of the scenarios (e.g., environmental impact, renewable fuels 
and fossil fuels). Aside from the different wording of the scenarios, Experiment 
3 was identical to Experiment 2. We hypothesized that the illusion would be 
insensitive to the wording of the problem.  

Paper 4 
The purpose of the experiment in Paper 4 was to explore whether the negative 
footprint illusion could be eliminated. Half of the participants were asked to 
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estimate the carbon footprint and the carbon emission change to three petrol 
cars after an electric car was added to the set. The other half did the same esti-
mates but was given a preceding judgment task in which they made a cumula-
tive judgment resulting in (A + B > A).  If the illusion is underpinned by an 
averaging bias then it would be theoretically possible to eliminate the illusion 
by priming a summative mindset. We hypothesized that the negative footprint 
illusion would be eliminated when the judgment task in which the illusion is 
usually found was preceded by a cumulative judgment.   

Methods 

Methodological overview 
The method used for the papers in this thesis incorporated experimental meth-
ods. All experiments included in the thesis used questionnaires to obtain data. 
Experiments as a research method was deemed as the most appropriate to use 
in these studies as it is a method that is commonly used when one wants to 
investigate underlying causes for a phenomenon that one is interested in stud-
ying. In this thesis I aimed to explore whether an averaging bias underpinned 
the negative footprint illusion, and under which conditions the effect (i.e., the 
negative footprint illusion) arises. Furthermore, both between and within par-
ticipants designs were used in the thesis, which both come with their own ad-
vantages and disadvantages. A between participants design was used in Paper 
1 as I wanted the outcomes to depend on the manipulations of the independent 
variable alone and not to be influenced by an explicit comparison made be-
tween conditions. Moreover, as the only paper published on the subject (i.e., 
Gorissen & Weijters, 2016) during the data collection of Paper 1 used a be-
tween participants design and therefore I deemed it appropriate to conceptually 
replicate their finding by using the same design with a different stimulus ma-
terial. One disadvantage that is important to mention with using a between par-
ticipants design is that individual differences, within each group of participants 
allocated to each condition, can influence the results. Moreover, as one of the 
main purposes in this thesis was to explore boundary conditions for the nega-
tive footprint illusion, I also used within participants designs whereby the two 
(Paper 2 & Paper 3, Experiment 1) and three estimates (Paper 3, Experiment 2 
& 3) are relatively dependent on each other. Furthermore, Paper 4 used a be-
tween participants design as it was the most appropriate design when using 
priming as the independent variable.      

Moreover, in the different questionnaires, graphics was used to aid the un-
derstanding of the different estimates the participants were asked to make (see 
Figures 2, 3, 5, & 6), except in Paper 3, which only used text as it dealt with 
CO2 emissions, generally, that is, not deriving from specific objects. None of 
the papers used the same scale as the papers in this thesis were among the first 
papers on the subject. Therefore it was deemed appropriate to use different 
scales to explore whether any boundary conditions for the occurrence and mag-
nitude of the negative footprint illusion could be found. The dependent varia-
bles also varied between papers (see Table 1). Furthermore, all experiments, 
except the one in Paper 2, used data on ordinal level in the analyses, which is 
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quite common in psychological research even though some researchers argue 
against it (e.g., Kuzon, Urbanchek, & McCabe, 1996). However, as Norman 
(2010) mentions in his methodological paper, parametric tests can indeed be 
used with data on the ordinal level as parametric statistics are robust with re-
spect to using ordinal data. 

Design, procedure and questionnaires 
Paper 1 
Experiment 1 
A questionnaire was used for collecting data on people’s carbon footprint esti-
mates of buildings. All participants read information stating that the impact of 
a building on the environment is related to its carbon footprint whereby build-
ings with a lower carbon footprint have less impact on the environment com-
pared to a building with a higher carbon footprint. Then the participants an-
swered one of three questions depending on which condition they were as-
signed to. The question in the control condition stated: “These yellow houses 
represent 15 houses in a community, please estimate the combined carbon 
footprint (environmental impact) the houses have together”. The question in 
the conventional addition condition stated: “These yellow houses represent 15 
houses in a community. The community has decided to build 5 additional 
houses. Please estimate the combined carbon footprint (environmental impact) 
the houses have together when the five additional houses have been built”. And 
the question in the green addition condition stated: “These yellow houses rep-
resent 15 houses in a community. The community has decided to build 5 addi-
tional houses, all of which will be environmentally certified. Please estimate 
the combined carbon footprint (environmental impact) the houses have to-
gether when the five additional environmentally certified houses have been 
built”. All of the estimates were made on a scale from 1 to 9, the endpoints 
were labeled as 1 – very low impact and 9 – very high impact. Each condition 
had visual aid depicting houses (see Figure 2 & Figure 3). They were also given 
a reference point stating: “A point of reference you can consider while making 
your estimate is that an apartment building with 18 apartments would have 
scored 5 on the scale”. The reference was supposed to be quite ambiguous so 
the participants could not solve the tasks by simply using mathematics. 

A between participant design was used with display of buildings as the in-
dependent variable with three levels. The participants were randomly assigned 
to one of three conditions: the control condition, the green-addition condition, 
and the conventional-addition condition. The participants conducted the study 
in a laboratory at the University of Gävle and sat alone when answering the 
questionnaire. The task took about 5 minutes to complete. See Table 1 for de-
pendent measures. 

Experiment 2 
The questions and information provided in the second experiment were iden-
tical to those of Experiment 1. The only difference were the number of houses 
displayed in each condition. The number of houses presented in Experiment 2 
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consisted of 15 environmentally certified together with 15 conventional houses 
(the conventional and “green” houses condition), 15 environmentally certified 
buildings (the “green” only condition), and 15 conventional buildings (conven-
tional only condition). 

The exact same design and procedure as Experiment 1 was used in the sec-
ond experiment. The only difference was the conditions deployed, which were: 
the conventional only condition, the “green” only condition, and the conven-
tional and “green” houses condition. See Table 1 for dependent measures.  

Paper 2 
The questionnaire used in the experiment in the second paper measured how 
many trees the participants thought it would take to compensate for two fic-
tional suburbs’ monthly greenhouse gas emissions due to energy use. The par-
ticipants made two estimates in this experiment. One condition depicted 150 
conventional building (the conventional only conditions) in the other condition 
150 buildings together with 50 environmentally certified buildings were shown 
(the “green” addition condition). Before making their judgment participants 
were given information and a reference point stating: “Energy use is linked to 
greenhouse gas (GHG) emissions, which in turn are harmful for the environ-
ment. For example, assume for every unit of electrical energy used and for 
every unit of residential heat used, a certain amount of CO2 is produced. A 
transportation company based in Örebro, has introduced an environmental 
compensation policy, that is, if one of their cars covers 33,000 km, the company 
will plant 50 trees. Planted trees absorb CO2 for many years, and can there-
fore compensate for the negative environmental consequences of increased en-
ergy use”. Then they were asked to estimate how many trees it would take to 
compensate for each suburbs’ monthly greenhouse gas emissions due to energy 
use from a scale ranging from 1 tree to 100 trees (endpoints labeled 1 tree and 

Figure 2. Stimulus material depicting a 
conventional building used in Paper 1 
and in Paper 2. The number of buildings 
presented in each paper corresponds 
with what has been described under  
the heading Design, procedure and 
questionnaires. 

Figure 3. Stimulus material depicting an 
environmentally certified building used 
in Paper 1 and in Paper 2. The number 
of buildings presented in each paper 
corresponds with what has been de-
scribed under the heading Design,  
procedure and questionnaires. 
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100 trees respectively). This questionnaire was used for both participant groups 
(i.e., experts and novices).  

A within-between mixed design was used with two independent variables. 
The independent variable “suburb type” was manipulated within participants 
and had two levels: the conventional condition and the “green” addition con-
dition. The order in which the two suburb types were presented to the partici-
pants were counterbalanced between participants. The other independent vari-
able was “group type” with two levels: experts (energy system graduates) and 
novices (undergraduate students). The participants conducted the study in a 
laboratory at the University of Gävle and sat alone when answering the ques-
tionnaire. The task took about 5 minutes to complete. See Table 1 for depend-
ent measures. 

Paper 3 
Experiment 1 
The first study in Paper 3 asked the participants to estimate the hypothetical 
contribution to the atmospheric CO2 concentration of two different time-peri-
ods. These time-periods were described as different scenarios. The first sce-
nario read: “During 5 years, the contribution of carbon emissions to the atmos-
pheric concentration was relatively high (2 PPM CO2/year) due to humanity’s 
consumption and use of resources. Please estimate, to the best of your abilities, 
how this scenario influences the total atmospheric concentration of carbon di-
oxide within the given 5 year period by marking the scale below with an ‘A’.” 
The second scenario stated: “During 5 years, the contribution of carbon emis-
sions to the atmospheric concentration was relatively high (2 PPM CO2/year) 
due to humanity’s consumption and use of resources, but after implementations 
for reducing humanity’s environmental impact (e.g., replacing fossil fuels with 
renewable fuels) followed a 5 year period when the contribution of carbon 
emissions to the atmospheric concentration was relatively low (1.4 PPM 
CO2/year). Please estimate, to the best of your abilities, how this scenario in-
fluences the total atmospheric concentration of carbon dioxide within the given 
10 year period by marking the scale below with a ‘B’.” The participants made 
both their estimates on the same scale ranging from -7 (decreases the total at-
mospheric concentration of carbon dioxide), 0 (no contribution), to 7 (in-
creases the total atmospheric concentration of carbon dioxide). 

A within participants design was used with one independent variable “type 
of scenario” with two levels: the high scenario and the high + low scenario. 
The order between the two scenarios was counterbalanced between partici-
pants. The participants conducted the study in a laboratory at the University of 
Gävle and sat alone when answering the questionnaire. The task took about 10 
minutes to complete. See Table 1 for dependent. For a visual representation of 
the scenarios, see Figure 4. 

Experiment 2 
The questionnaire was identical in the second study with the exception that 
another scenario was added, which read: “During 5 years, the contribution of 
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carbon emissions to the atmospheric concentration was relatively low (1.4 
PPM CO2/year) due to implementations for reducing humanity’s environmen-
tal impact (e.g., replacing fossil fuels with renewable fuels). Please estimate, 
to the best of your abilities, how this scenario influences the total atmospheric 
concentration of carbon dioxide within the given 5 year period by marking the 
scale below with a ‘C’.” The participants made all three estimates on the same 
scale ranging from -7 (decreases the total atmospheric concentration of carbon 
dioxide), 0 (no contribution), to 7 (increases the total atmospheric concentra-
tion of carbon dioxide). 

A within participants design was used with one independent variable “type 
of scenario” with three levels: the high scenario, the low scenario, and the high 
+ low scenario. The order between the three scenarios was counterbalanced
between participants. The participants conducted the study in a laboratory at
the University of Gävle and sat alone when answering the questionnaire. The
task took about 10 minutes to complete. None of the participants had taken part
in Study 1. See Table 1 for dependent measures. For a visual representation of
the scenarios, see Figure 4.

Experiment 3 
The questionnaire in the third study was identical to the one in Study 2, with 
the exception that we removed symbolically significant information from the 
scenarios. The information that was removed was: “… due to implementations 
for reducing humanity’s environmental impact (e.g., replacing fossil fuels with 
renewable fuels)” from the high + low scenario and the low scenario. The (for 
example) low scenario now read: “During 5 years, the contribution of carbon 
emissions to the atmospheric concentration was relatively low (1.4 PPM 
CO2/year) due to humanity’s consumption and use of resources. Please esti-
mate, to the best of your abilities, how this scenario influences the total atmos-
pheric concentration of carbon dioxide within the given 5 year period by mark-
ing the scale below with a ‘C’”. The participants made all three estimates on 
the same scale ranging from -7 (decreases the total atmospheric concentration 
of carbon dioxide), 0 (no contribution), to 7 (increases the total atmospheric 
concentration of carbon dioxide). 

A within participants design was used with one independent variable “type 
of scenario” with three levels: the high scenario, the low scenario, and the high 
+ low scenario. The order between the three scenarios was counterbalanced
between participants. The participants conducted the study in different class-
rooms at the University of Gävle and sat amongst other students when answer-
ing the questionnaire. The participants who sat next to each other had the same
counterbalancing order. The task took about 10 minutes to complete. None of
the participants had taken part in Study 1 or Study 2. See Table 1 for dependent
measures. For a visual representation of the scenarios, see Figure 4.
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Figure 4. The figure shows a visual representation of the scenarios in Study 1, Study 2 
and Study 3, respectively. It further shows the amount of time and the total CO2 
contribution to the atmospheric CO2 concentration for each scenario. Adapted from 
“Deceptive sustainability: Cognitive bias in people’s beliefs about the benefits of CO2 
emission cuts,” by M. Holmgren, et al., 2019, Journal of Environmental Psychology. p. 
53. The figure is published under a creative commons license and may be re-produced.

Paper 4 
The experiment in Paper 4 had two conditions. The participants in the first con-
dition first read the information: “These three blue cars represent a company’s 
fleet of cars. Suppose that the total carbon footprint (due to usage and produc-
tion) of the cars is 0 on the scale below”. They were then given a reference point 
of zero on a scale ranging from – 10 to + 10 and subsequently presented with the 
question: “Imagine that an electric car is added to the company’s fleet of cars, 
so that the car fleet now contains three petrol cars and one electric car. What is 
the total carbon footprint (due to usage and production) for the four cars to-
gether, given this information?” Starting from the reference point, they made 
their estimate on a scale ranging from – 10 to + 10 (endpoints labeled) and there-
after answered the same question with the exception that the dependent measure 
was changed to carbon emissions. The participants in the second condition an-
swered the exact same questions, but the questions above were preceded by two 
other questions, hypothesized to yield cumulative responses, those questions 
were (with appurtenant information): “These three electric cars represent a 
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company’s fleet of cars. Suppose that the total carbon footprint (due to usage 
and production) of the cars is 0 on the scale below”. They were then given a 
reference point of zero on a scale ranging from – 10 to + 10 and subsequently 
presented with the question: “Imagine that a petrol car is added to the com-
pany’s fleet of cars, so that the car fleet now contains three electric cars and one 
petrol car. What is the total carbon footprint (due to usage and production) for 
the four cars together, given this information?” Starting from the reference 
point, they made their estimate on a scale ranging from – 10 to + 10 (endpoints 
labeled) and thereafter answered the same question with the exception that the 
dependent measure was changed to carbon emissions. Each condition had visual 
aid depicting cars (see Figure 5 & Figure 6) 

A between-participant design was used with priming manipulation as the 
independent variable with two levels: with vs. without. The participants con-
ducted the study in a laboratory at the University of Gävle and sat alone when 
answering the questionnaire. The task took about 5 minutes to complete. See 
Table 1 for dependent measures.  

Figure 5. Stimulus material depicting a petrol car used in Paper 4. The number of 
petrolcars presented in each condition corresponds with what has been described under 
the heading Design, procedure and questionnaire.  
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Figure 6. Stimulus material depicting an electric car used in Paper 4. The number of 
electric cars presented in each condition corresponds with what has been described  
under the heading Design, procedure and questionnaire. 

Table 1. The table shows the judgment items, dependent measures, and the designs 
used in all four papers. 

Judgment items  
Paper 1 Paper 2 Paper 3 Paper 4 

Buildings × × 
Cars × 
Atmospheric CO2 Concentration × 

Dependent measures 
Carbon footprint × × 
Carbon emissions × 
Contribution in PPM × 
Trees to compensate for emissions × 

Design 
Within-participants  × × 
Between- participants  × × 

Summary of Results 
Paper 1 
Experiment 1  
As can be seen in Figure 7, the “green” addition condition received lower car-
bon footprint estimates compared to the control condition and the conventional 
addition condition. The lack of difference between the control and the conven-
tional addition condition may be due to an insufficient contrast between the 
two conditions (i.e., 5 conventional houses). This results demonstrated that the 
negative footprint illusion can be replicated with houses as the “to be estimated 
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items”, compared to the previously shown food products (Gorissen & Weijters, 
2016).  

Figure 7. Mean carbon footprint estimates assigned to the control condition, the 
conventional addition condition and the green addition condition in Experiment 1. 
Error bars represent standard error of means.  

Experiment 2 
Figure 8 demonstrates a negative footprint illusion. More specifically, the 
“green” and conventional condition received lower carbon footprint estimates 
compared to the conventional only condition. Furthermore, it seems that the 
mere presence of “green” buildings does not give rise to the illusion as the 
“green” only condition received lower carbon footprint estimates compared to 
the “green” and conventional condition. This points to an averaging bias as the 
mechanism underpinning the negative footprint illusion. To explore this fur-
ther we calculated the average of the “green” only condition together with the 
conventional only condition and ran one-sample t-tests with the average (i.e., 
M = 5.21) as the test value. The estimates in the conventional only condition 
were higher compared to the test value and the estimates in the “green” only 
condition were lower, which gives further evidence for an averaging bias.  
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Figure 8. Mean carbon footprint estimates assigned to the conventional and “green” 
buildings condition, the “green” only condition and the conventional only condition in 
Experiment 2. Vertical bars represent 95% confidence intervals.Adapted from 
“Averaging bias in environmental impact estimates: Evidence from the negative  
footprint illusion,” by M. Holmgren, H. Andersson, and P. Sörqvist, 2018a, Journal of 
Environmental Psychology, 55, p. 51. The figure is published under a creative  
commons license and may be re-produced. 

Paper 2 

As can be seen in Figure 9, both groups (i.e., experts and novices) estimated 
that fewer trees were needed in the suburb with conventional and “green” 
buildings compared to the suburb with only conventional buildings, demon-
strating a negative footprint illusion. The analysis did not reveal a significant 
main effect of group type, nor an interaction between group and suburb type, 
suggesting that the illusion was insensitive to expertise.  

Figure 9. Experts’ (energy system graduates) and novices’ estimates of how many 
trees are needed to compensate for the energy use of a community with 100 
‘conventional’ buildings  and a community with 100 ‘conventional’ and 50 ‘green’ 
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buildings. Estimates appear to be underpinned by an averaging bias by which the 
addition of environmentally friendly objects are perceived as if they could compensate 
for the negative impact of less friendly objects. Error bars represent standard error of 
means. Adapted from “When A + B < A: Cognitive bias in experts’ judgment of 
environmental impact,” by M. Holmgren, A. Kabanshi, J. E. Marsh, and P. Sörqvist, 
2018b, Frontiers in Psychology, 9, p. 4. The figure is published under a creative 
commons license and may be re-produced. 

Paper 3 
Experiment 1 
The participants in Experiment 1 reported a higher contribution to the atmos-
pheric CO2 concentration for the high scenario compared to the high + low 
scenario, as can be seen in Figure 10, demonstrating a negative footprint illu-
sion within the context of people’s mental models of CO2 accumulation in the 
atmosphere. See Figure 4 for a visual representation of the scenarios in Exper-
iment 1.  

Figure 10. Estimates of each scenario’s contribution to the total atmospheric 
concentration of carbon dioxide within the given time period in Experiment 1. Error 
bars represent standard error of means. Adapted from “Deceptive sustainability: 
Cognitive bias in people’s beliefs about the benefits of CO2 emission cuts,” by M. 
Holmgren, et al., 2019, Journal of Environmental Psychology. p. 53. The figure is 
published under a creative commons license and may be re-produced. 

Experiment 2 
The participants in Study 2 estimated the CO2 contribution of the high + low 
scenario to the atmosphere to fall between the high scenario and the low sce-
nario (see Figure 11), indicating a negative footprint illusion. These results 
points toward an averaging bias as the underpinning mechanism for the illu-
sion. See Figure 4 for a visual representation of the scenarios in Experiment 2. 
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Figure 11. Estimates of each scenario’s contribution to the total atmospheric 
concentration of carbon dioxide within the given time period in Experiment 2. Error 
bars represent standard error of means. Adapted from “Deceptive sustainability: 
Cognitive bias in people’s beliefs about the benefits of CO2 emission cuts,” by M. 
Holmgren, et al., 2019, Journal of Environmental Psychology. p. 53. The figure is 
published under a creative commons license and may be re-produced. 

Experiment 3 
As can be seen in Figure 12, the participants estimated the CO2 contribution of 
the high + low scenario to the atmosphere to fall between the high scenario and 
the low scenario, replicating the negative footprint illusion found in Experiment 
2. See Figure 4 for a visual representation of the scenarios in Experiment 3.
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Figure 12. Estimates of each scenario’s contribution to the total atmospheric 
concentration of carbon dioxide within the given time period in Experiment 3. Error bars 
represent standard error of means. Adapted from “Deceptive sustainability: Cognitive 
bias in people’s beliefs about the benefits of CO2 emission cuts,” by M. Holmgren, et 
al., 2019, Journal of Environmental Psychology. p. 53. The figure is published under a 
creative commons license and may be re-produced. 

Paper 4 
The ratings with a priming phase (i.e., the phase wherein a summative mindset 
was supposedly induced) were higher than zero for both carbon emission (see 
Figure 13) and the carbon footprint estimates (see Figure 14). The carbon foot-
print and the carbon emission estimates without a priming phase were lower 
than zero, demonstrating a negative footprint illusion. The carbon emission and 
the carbon footprint estimates in the control condition were significantly lower 
than the estimates in the experimental condition.  
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Figure 13. Carbon emission estimates in each condition given by the participants. Error 
bars represent standard error of means. 

Figure 14. Carbon footprint estimates in each condition given by the participants. Error 
bars represent standard error of means.
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Discussion 

Main findings 
Paper 1 found support for the assumption that an averaging bias underpins the 
negative footprint illusion and that it can be generalized to a different set-up of 
stimulus-materials compared to the original study by Gorissen and Weijters 
(2016). Paper 2 demonstrated that the negative footprint illusion is insensitive 
to some levels of expertise, and reported the first demonstration of the negative 
footprint illusion in the context of a within-participants design. Paper 3 found 
that a negative footprint illusion can be demonstrated in the context of atmos-
pheric CO2 concentration estimates, provided further evidence for the averag-
ing bias account of the negative footprint illusion and demonstrated that the 
effect is insensitive to some variations in the framing of the problem posed to 
the participants. Paper 4 demonstrated that the negative footprint illusion can 
be eliminated by priming a summative mindset before the participants made 
the environmental impact estimates.  

Whilst past research has not aimed to explore the underpinning mechanisms 
of the illusion, this thesis proposes an averaging bias as the underpinning 
mechanism. On this view, the negative footprint illusion appears because peo-
ple intuitively respond with the average of the ‘vices’ (the relatively unfriendly 
objects) and ‘virtues’ (the more environmentally friendly objects) in the com-
bined set of objects. The averaging bias also seems to fit as an explanation for 
results demonstrated in previous research on the negative footprint illusion. 
More specifically, an averaging account for the illusion would explain why the 
illusion seems to be insensitive to the quantity of objects demonstrated by Kim 
and Schuldt (2018) and Kusch and Fiebelkorn (2019). That is, from the aver-
aging account of the negative footprint illusion, you would expect the partici-
pants to report a similar estimate for a single ‘environmentally friendly’ object 
as to an infinite number of ‘environmentally friendly’ objects, because the av-
erage environmental impact of these objects remains the same, regardless of 
number of objects. 

Results discussion 
Researchers in environmental psychology have argued that this averaging prin-
ciple arises when people misuse the balancing heuristic (Sörqvist & Lange-
borg, 2019). Heuristics – as previously mentioned – have evolved during time 
as mental shortcuts that help us make decisions (Gigerenzer, 2008), and the 
balancing heuristic does work when it is used for the appropriate tasks it was 
(presumably) evolved to solve. For example, as proposed by Sörqvist and 
Langeborg (2019), reciprocity within interpersonal relationships might be one 
of the contexts where the balancing heuristic works. As they state in their pa-
per: “Neglecting the balance in a relationship by receiving more than one gives 
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can lead to shame and guilt, and giving more than one receives can lead to 
anger. However, the balance can be restored when the one in debt does what is 
necessary to compensate for past transgressions” (Sörqvist & Langeborg, 
2019, p. 2). However, behaviors and heuristics adapted to the past are very 
likely to fail when the environments change rapidly (Cosmides & Tooby, 
1992), even if our brain is not adapted to climate change we still use the same 
“ancient” heuristics. The problem is that people seem to forget, or neglect, that 
the actions that harm the environment have, close to always, permanent conse-
quences and cannot be compensated for. And indeed, people seem to have a 
limited understanding of the stock-flow relationship of CO2 in the atmosphere 
(Sterner, Adawi, Persson, & Lundqvist, 2019; Sterman Booth & Sweeney, 
2007), which also is demonstrated in Paper 3. One reason for this limited un-
derstanding might be that people regard climate change as an object instead of 
a process characterized by inertia and temporal totality (Chen, 2011). 

Taken together, the studies reported in this thesis shows that yet another 
effect is within the explanatory compass of the averaging bias account. The 
averaging bias seems to be a fundamental thought pattern with evolutionary 
origins as it can be found across species (Kralik, Xu, Knight, Khan, & Levine, 
2012), although Kralik et al. argue that this averaging process derives from an 
affect heuristic. Furthermore, the averaging bias does not seem to be domain 
specific, as similar effects to the negative footprint illusion have been found in 
several other domains. For example, similar effects have been found in finan-
cial (Kunz et al., 2017), health (Chernev & Gal, 2010), commercial (Weaver 
et al., 2012), rhetorical (Weaver et al., 2016), and the criminological domain 
(Lambert & Peytcheva, 2019). 

Whether the affect heuristic influences the negative footprint illusion is an 
avenue worth exploring. Indeed, affect – which here means the (1) specific 
quality of “goodness” or “badness”, and (2) determining a positive or negative 
quality of a stimulus (Slovic, Finucane, Peters, & MacGregor, 2007) – has been 
found to have some significance in regard to judgment and decision-making 
(e.g., Rangel, Camerer, & Monague, 2008; Slovic et al., 2007). In many papers 
exploring “less-is-more-effects”, the affect heuristic is suggested as one of the 
contributing mechanisms (e.g., Kralik at al., 2012). Kralik et al. (2012) de-
scribes it as the formation of an immediate impression of the average (for ex-
ample) attractiveness of an option based on the average quality, instead of con-
sidering the overall value of a set of objects. For example, Hsee (1998) found 
that people rated a 24-piece dinnerware as more attractive compared to the 
same 24-pieces, but with an addition of nine broken ones. In this example, it is 
arguably difficult to evaluate how good 24 pieces of something is. Therefore, 
quantity was neglected and the broken items reduced the overall attractiveness 
of the set. 

As described in Figure 1, the averaging bias is thought to be a result of a 
processing chain wherein people undertake a vice-virtue categorization of 
items as, for example, good vs. bad and then base their estimate on the items’ 
average instead of on their aggregated sum. This process is quite similar to 
what should result from the application of the affect heuristic. However, evi-
dence has shown that the affect heuristic is often overridden when people can 
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compare the different options directly (e.g., Hsee & Zhang, 2010). On the con-
trary the negative footprint illusion seems to be quite insensitive to whether the 
estimates are made separately or when people are allowed to compare their 
estimates of the conventional items alone with their estimates of the combined 
set of conventional and environmentally friendly items. The affect heuristic 
might play a role in explaining the negative footprint illusion, which can be 
seen when comparing effect sizes in Experiment 2 and 3 in Paper 3. When the 
symbolically significant information (which most likely produces some sort of 
affective response) was removed the effect size of the negative footprint illu-
sion was reduced from d = 1.15 to d = 0.67. Even though a negative footprint 
illusion was found in both cases, the decrease in effect size is worth noticing 
as it suggests that affective responses may contribute to the effect, albeit inde-
pendently from processes that can be attributed to cold cognition. 

Another bias important to introduce to the discussion is the weighting bias, 
which postulates that people have a tendency to “… attribute either too much 
or too little weight to cues that are available for judgment” (Sütterlin & 
Siegrist, 2014, p. 260), which might lead people to neglect information re-
quired to yield a correct judgment. For example, the participants might have 
given too much weight to the “green” cues of the environmentally certified 
buildings in Paper 1. However, given the results in Paper 1 (Experiment 2), 
that is, that the conventional and “green” houses condition fell between the 
“green” only condition and the conventional only condition, I argue this expla-
nation is insufficient to explain the illusion, as people make correct judgments 
in view of the difference between the “green” only condition and the conven-
tional only condition. More specifically, if the participants overweighed the 
positive properties of the “green” buildings, then the difference, between the 
“green” only condition and the condition with “green” and conventional build-
ings, would be – arguably – insignificant. Hence, I argue for that the partici-
pants did not overweight the positive qualities of the “green” buildings nor the 
negative qualities of the conventional buildings.  

Method discussion 
It is noticeable that the effect sizes attained in the studies in this thesis are 
higher compared to previous research on the negative footprint illusion (i.e., 
Gorissen & Weijters, 2016). Even though the reasons for this might not be 
clear, there are some differences between the studies that should be mentioned 
that could potentially explain the difference in effect size. First, one reason 
might be the similarity of the ‘conventional’ and ‘environmentally friendly’ 
stimulus material. More specifically, in each article in this thesis the “green” 
addition (e.g., an environmentally friendly building) has been of the same par-
ent category and very similar category exemplars as the conventional counter-
part (e.g., a conventional building). This was not the case in previous research. 
To clarify, Gorissen and Weijters (2016) used the same parent category for the 
to-be-estimated items (i.e., food) but the similarity of the category exemplars 
was lower. For example, the “green” addition (e.g., an organic apple) differed 
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notably from the conventional counterparts (e.g., a hamburger). The im-
portance of similarity is corroborated by research on spillover effects. More 
specifically, in their review article, Maki et al. (2019), found that a higher per-
ceived similarity of behavior led to stronger spillover effects compared to 
lower perceived similarity. Another reason for the various effect sizes could be 
the quantity of the stimulus material. Consistently in previous research (i.e., 
Gorissen & Weijters, 2016; Kim & Schuldt, 2018; Kusch & Fiebelkorn, 2019), 
one single “green” addition has been used, whereas Paper 1 and 2 in this thesis 
used several “green” additions (i.e., 5 and 50 “green” additions, respectively). 
It should however be noted that Paper 3 and 4 did use one single “green” ad-
dition as well as previous research. This leads to the third noticeable difference 
between three of the papers in this thesis (i.e., Paper 2, 3 and 4) and previous 
research: the design of the studies. In Papers 2 and 3 the participants made two 
estimates; that is, in Paper 2 they first made the environmental impact estimates 
of the “conventional only condition” and then the “green addition condition”, 
or vice versa in counterbalanced order. Similarly, in Paper 3 the same partici-
pants made the environmental impact estimates of the two (Experiment 1) and 
the three scenarios (Experiment 2 and 3) in a within-participants design. In 
Paper 4, participants made a single estimate, however, they were given a ref-
erence point from which to make their estimate. Taken together, these studies 
made it possible for the participants to compare the first to the second environ-
mental impact estimate. One could argue that these designs encourage an ex-
plicit comparison between the two sets of stimulus material, which in turn 
might influence effect sizes by, for instance, reducing the variance in the esti-
mates. Finally, one strong candidate for the difference in effect sizes is that the 
studies reported in this thesis (with the exception of Paper 3, Experiment 3) 
were all conducted in a controlled laboratory environment. In contrast, the data 
in Gorissen and Weijters (2016) study was collected using an online survey 
without any control of the participants’ surroundings and potentially distract-
ing, extraneous factors. In the more controlled environment, error variance de-
creases and hence effect sizes increases consequently. These four differences 
between the studies in this thesis and previous research might offer some ex-
planation as to why the effect sizes in these studies were notably higher com-
pared to those reported in previous research. 

This thesis have some methodological limitations worth discussing. As with 
most experiments it is important to mention ecological validity, which is 
whether the results from this thesis can be generalized to real life settings. As 
the averaging bias, which presumably underpins the negative footprint illusion, 
seems to be a fundamental thought process that has demonstrated itself in both 
people (Seta & Seta, 2019) and in other species (Kralik et al., 2012), it is likely 
that the results demonstrated in this thesis, to some degree, can be generalized 
to real life settings. For example, it has been argued that people overestimates 
the benefits of emission reduction measures (Kabanshi, 2020; Paper 3), and 
therefore it is not unlikely that people would be susceptible to acceptance of 
policies aiming at reduce emissions, but insufficient enough to alleviate cli-
mate change. I also think it is likely that people might buy “green” products or 
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act in an environmental friendly manner to compensate for conventional prod-
ucts or environmentally harmful actions. Even though the results in this thesis 
are about making environmental impact estimates about different objects and 
not about actions, I argue for that the underpinning mechanism (i.e., the aver-
aging bias) is, at least partly, the same. Future research are indeed needed to 
explore whether a negative footprint illusion can be attained in settings that 
are, at least, closer to real life compared to experimental settings. 

Furthermore, Paper 1 and 4 used between-participants designs. This choice 
of design comes with a risk that individual differences might influence the re-
sults. For example, we do not know if the participants in the control condition 
(in Paper 4) differed in a significant way compared to the participants in the 
experimental condition. One way is to measure different individual differ-
ences, which might be relevant for the study (e.g., environmental concern and 
actively open-minded thinking scale) and investigate whether the participants 
differ between conditions. I did not measure potential individual differences in 
the papers included in this thesis. It is, however, important to point out that 
previous studies on the negative footprint illusion attained significant effects 
when controlling for environmental concern (Gorissen & Weijters, 2016), eco-
logical values (i.e., new environmental paradigm; Kim & Schuldt, 2018), and 
green consumer values (Kusch & Fiebelkorn, 2019).  

Moreover, the absence of a neutral priming condition in Paper 4 is prob-
lematic. More specifically, it might be the case that a different judgment task 
alone (before making the focal estimate) is enough to eliminate the illusion. 
Hence, whether a summative mindset was primed is not certain. It should also 
be mentioned that the accumulative result from the priming task (i.e., A+B > 
A) could also be a product of an averaging thought process. To clarify, in the
experimental condition it might be the case that the conventional object (i.e.,
the petrol car) contributed to the average with a higher value than the “green”
object (i.e., electric cars), which consequently would result in a higher average
estimate. To be exact, just as the addition of an environmentally friendly item
to a set of conventional items might results in a "downward averaging", the
addition of a conventional item to a set of “green” items might simply result in
an "upward averaging".

Future directions 
The papers presented in this thesis together give some evidence for an averag-
ing bias as the underpinning mechanism for the negative footprint illusion and 
may be a result of misusing the balancing heuristic as proposed by Sörqvist 
and Langeborg (2019). Furthermore, previous research exploring similar ef-
fects (e.g., the negative calorie illusion; Chernev & Gal, 2010) has also culmi-
nated in the proposal that the reported effects are attributed to an averaging 
thought process (e.g., Kunz et al., 2017; Lambert & Peytcheva, 2019; Weaver 
et al., 2012; Weaver et al., 2016). However, the negative footprint illusion is a 
relatively new research subject and has therefore not been subject to more re-
search exploring potential underlying mechanisms.  
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Another potential underpinning mechanism worth exploring is the category 
size bias. This particular bias has been studied in the domain of probability 
research (Isaac & Brough, 2014; but see Perfecto, Nelson, & Moore, 2018). In 
probability research it occurs when people believe a single outcome is more 
probable on the basis on the category the outcome belongs to. More specifi-
cally, Isaac and Brough (2014) found that when rolling a 26-sided die, contain-
ing the letters of the alphabet, people estimated that it was more probable that 
the die would show the letter “T” compared to a specific vowel (e.g., A). The 
authors asserted that this was a result of a category size bias. More specifically, 
as the letter “T” was part of the larger category (i.e., consonants), people 
thought it was more likely that “T” would show compared to a specific letter 
in the smaller category (i.e., vowels). The magnitude of the bias was also de-
pendent on category salience. For example, the magnitude of the bias was 
greater when the two categories were mentioned (i.e., stating that there are 21 
consonants and 5 vowels in the alphabet) compared to when no such infor-
mation was given. The results demonstrated in Isaac and Brough’s (2014) 
study have been difficult to replicate (Perfecto et al., 2018), but this bias has 
not been explored in the context of the negative footprint paradigm. According 
to the averaging account of the negative footprint illusion, the illusion should 
increase in magnitude when the number of “green” items increases in size, as 
long as this set of green items is added to a fixed set of conventional items. 
One way to explore whether category size rather than averaging is responsible 
for the illusion is to keep the ratio between conventional and green items con-
stant, while experimentally manipulating the number of items in each category. 
For example, according to the averaging account the magnitude of the illusion 
would be the same for a shopping basket containing 40 conventional and 10 
“green” apples as for a shopping basket containing 4 conventional and 1 
“green” apple, because the average is the same in the two cases. However, if 
category size influences the magnitude of the illusion, one would predict that 
the former example (i.e., 40 + 10) would result in a negative footprint illusion 
of greater magnitude compared to the condition containing the smaller catego-
ries. Another way to manipulate category salience could be to present the stim-
ulus material (e.g., buildings) interspersed (or randomly distributed across the 
visual field) versus as two clustered categories (as in previous research). 

Another important research direction is whether certain individual differ-
ences modulate the illusion. Previous research has, for example, shown that 
people are more susceptible to the eco-label effect (i.e., a preference bias for 
eco-labeled products) if they have high environmental concern (Haga, 2018; 
Holmgren, Kabanshi, & Sörqvist, 2017; Sörqvist et al., 2013). Important 
measures would in the context of the negative footprint illusion be individual 
differences in Berlin Numeracy Test, which measures statistical numeracy 
skills in risk literacy (Cokely, Galesic, Schulz, Ghazal & Garcia-Retamero, 
2012) and Compensatory Green Beliefs (Kaklamanou et al., 2013), which 
measures the extent to which individuals believe that sustainable behaviors can 
compensate for their unsustainable behaviors. The latter measure is quite sim-
ilar to the negative footprint illusion and should, theoretically, predict the illu-
sion. Furthermore, as the presence of an averaging bias suggests that the people 
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answer these environmental impact problems on intuition it is not unreasonable 
to think that incorrect responses are a result of System 1. This is indeed im-
portant to explore, especially in regard to conceive different ways of debiasing 
people’s way of thinking. One measure which can be used to investigate 
whether the illusion is a result of intuitive reasoning is the Actively Open-
minded Thinking scale (Svedholm-Hääkkinen & Lindeman, 2018), which 
measures intuitive and reflective reasoning respectively (i.e., System 1 and 
System 2). 

Applied implications 
Some of the most important implications suggested by the results presented in 
this thesis is that people might try to compensate for their environmentally 
harmful behavior by engaging in pro-environmental behavior due to intuitive 
and biased thinking. The problem is that the only way to compensate for envi-
ronmentally harmful behaviors is to remove the (for example) carbon dioxide 
emitted. Furthermore, this thesis also suggests that this averaging thought pro-
cess can increase acceptance for policies which aim to reduce greenhouse gases 
but are insufficient to alleviate climate change. Furthermore, these results 
should be taken into consideration when thinking about how to market and 
label “green” products. As long as environmentally friendly objects are labeled 
‘friendly’, people might implicitly and/or explicitly believe that these objects 
are actually good for the environment instead of less harmful than their con-
ventional counterpart. There are several directions which, for example, legis-
lation can take to solve the problem of biased judgments made by consumers 
which might exacerbate climate change. For example, by legislation compa-
nies could be forced to use “green” defaults (Dinner, Johnson, Goldstein, & 
Liu, 2011), promote future-focused thinking (Zaval, Markowitz, & Weber, 
2015), reframe existing information (Petrovic, Madrigano, & Zaval, 2014), and 
use effective labeling (Zaval & Cornwell, 2016). In relation to the negative 
footprint illusion, the two latter alternatives are of interest. For example, pack-
aging information could convey that products produced in environmentally 
friendly ways do indeed contribute to the atmospheric carbon dioxide concen-
tration, although at lower rate compared to conventional products. Paper 2, 
however, showed that people with sufficient knowledge to make accurate de-
cisions can be susceptible to the illusion, which stresses the need for future 
research to investigate different ways of how the illusion can be eliminated. 

Conclusion 
This thesis shows that the negative footprint illusion is a robust phenomenon 
that can be found across various to-be-estimated stimulus materials, it appears 
to be underpinned by an averaging bias but can be cognitively controlled in 
certain conditions. Future research is needed to explore whether there are other 
underpinning mechanisms that contribute to the effect, which in turn paves 
way for the fashioning of methods that can be used to eliminate the illusion. 
The importance of eliminating the illusion is stressed by the fact that it illus-
trates an instance of systematically biased cognition that ultimately underpins 
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not only environmentally harmful behavior at an individual level as well as a 
societal level but also other behaviors with costs for the health of people, soci-
ety and the earth. 
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