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Abstract: Research on sustainability in the building sector currently focuses mainly on technical
solutions while little attention is given to how behaviour influences the uptake of these solutions.
Bounded rationality may have a significant impact on the effective implementation of more sustain-
able technologies that are already available. However, empirical evidence on the effects of bounded
rationality in the building sector, such as cognitive biases, is still lacking. Here, we present an
empirical investigation of four cognitive biases in the building environment, namely the framing,
anchor, default, and decoy effect. For that, energy-related decisions situations were presented to
approximately 270 participants in an online survey. Our results show that awareness of greenhouse
gas emissions from buildings can be raised through framing that the willingness to pay more for
an energy-efficient home can be increased by presenting it as default, and that the choices can be
shifted towards more energy-efficient appliances by using a decoy. The hypothesis that anchoring
increases the willingness to pay more for the installation of a solar system could not be supported.
These findings decrease the lack of empirical data on cognitive biases in the context of buildings
and further indicate the potential of choice architecture in the building environment. The influ-
ence of cognitive biases in energy-related decisions should be used to increase the adaptation of
sustainable technologies.

Keywords: cognitive biases; bounded rationality; decision behaviour; default effect; decoy effect;
framing effect; anchor effect; building energy; sustainability; energy-efficiency

1. Introduction

Buildings account for about 40% of global energy consumption and for roughly 39%
of global material resource use [1]. Efforts to increase sustainability in the building sector
focus primarily on technological innovations as well as policy [2]. However, whether
these technologies are implemented also depends on how decisions are made in building
management, construction, and consumption. Cognitive science has well documented
that human decisions are not always rational and has observed systematic deviations
from purely rational behaviour, so-called cognitive biases. However, the influence of
cognitive biases on sustainability and energy-related decisions in the building sector has
been sparsely studied so far.

In recent decades, there have been strong technological developments in building
technology that have made better building envelopes, HVAC (heating, ventilation, and
air conditioning) systems, and sustainable on-site energy generation much more accessi-
ble and affordable. This means that it is technically and economically feasible to design
and construct buildings with very low energy consumption and low embodied energy.
However, research shows that energy efficient and sustainable solutions and technologies
are not always adopted [3]. Wherever an aspect of sustainability such as building enve-
lope U-value or total energy consumption is not enforced by standards, regulations, and
legislation, the shift toward sustainability is driven by human decisions in the building
design and operation process. Human decisions have cognitive, emotional, and social
aspects. For example, the influence of social norms on energy use in buildings [4] and of
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descriptive norms in engineering design [5] and their ability to drive change has already
been demonstrated. However, the findings of cognitive science and behavioural economics
in the second half of the last century have made it clear that decisions are indeed not
always rational.

The deviation of human behaviour from purely rational behaviour is referred to as
bounded rationality (e.g., [6-8]) and has three main sources: lack of information availabil-
ity, the use of heuristics—i.e., rules of thumb—and systematic deviations from rational
behaviour, so-called cognitive biases. Dozens of these biases have been documented in
the scientific literature in different contexts. One example is the endowment effect, which
describes the tendency to attribute a higher value to an object if it is in one’s possession
than if it is not [9,10].

Several studies evaluated the effects of bounded rationality in the building sector.
Martin and Perry [3] (p. 312) found “...sustainable construction technology adoption
to happen serendipitously...” and Christie et al. [11] (p. 457) report that “...if the rate
of adoption of energy-efficiency technologies is to increase, then appeals to rationality
are unlikely to work for a large proportion of homeowners.” However, the influence
and potential of cognitive biases in the building design process have been studied only
sporadically. In their review on bounded rationality in engineering design, Klotz et al. [12]
(p- 226) report that “...for design, biases, and choice architecture interventions remain
underexplored and disconnected across fields of practice and academic disciplines.”

However, several studies point to the potential of systematically exploring cognitive
biases in the building sector. In a seminal experiment, Klotz et al. [13] showed an anchor
effect for building energy performance goals in a survey of 76 engineers: completing a
series of questions regarding a “90% energy reduction” vs. questions with a “30% energy
reduction” inspired more ambitious energy reduction goals in the 90% group. In another
study, a higher consideration of sustainability was achieved when building design choices
were framed in design software as a loss of sustainability—starting from a sustainable
variant—rather than a gain [14]. Ebeling and Lotz [15] found an impressive default effect
for electricity consumers’ decisions, where an opt-out green power option generated about
ten times more actual contract purchases compared to an opt-in scenario for the same
green power. Harris et al. [16] examined various cognitive biases in monitoring-based
commissioning for the building energy management process used to optimise building
energy performance. The data showed that almost 30 percent of the barriers faced by their
cohort were caused by diverse cognitive biases. Furthermore, Shealy and co-workers [5]
showed empirically that designers for a civil infrastructure system exposed to positive
descriptive norms set 28 percent higher sustainable performance goals on average. A
recent study by Hancock and colleagues [17] with 261 professional infrastructure designers
investigated the effect on future discounting by using a present- and a future-frame. Their
work shows that the use of a future-frame for a sustainability request proposal promotes
the construction of significantly longer targeted useful life to the community, significantly
longer design life, and the willingness of participants to accept a significantly higher num-
ber of years for return on investment. In a large survey, Blasch and Daminato [18] found
an association between a measure of the strength of the status-quo bias of participants and
the age of their appliances and their level of consumption of energy services (dishwasher,
washing machine, etc.). In a review paper, Delgado and Shealy discuss the potential of
using cognitive biases to improve energy efficiency in facilities via choice architecture,
presenting several suitable cognitive biases [19].

These studies show potential for improvements in sustainability through cognitive
biases. There are some limitations, however, as previous research has only considered
some of the dozens of cognitive biases described in the psychological literature, and
empirical evidence for cognitive biases in the field of building energy decisions is still
scarce. Furthermore, some parts of the design process have not been studied at all, such as
the iterative evaluation of the planned building design by building professionals prior to its
construction [12]—which is actually critical to achieving sustainable design. The building
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design process is crucial, as it is the part of the whole construction process where most
decisions with long-term implications are made. However, cognitive biases can be taken
accounted for in the design process by deliberately introducing changes in the decision
environment. This process is called “choice architecture” and is applied frequently already
in everyday life, for example in the form of calorie information on food packages which can
give a certain framing to the consumption. The ethical considerations of applying choice
architecture for sustainability or more general “green nudges” were considered in detail
by Schubert [20], who concluded that they can be an effective and ethical complement to
traditional incentive-based measures if they are organised in a transparent way, i.e., so that
people can in principle “unmask the manipulation”.

Considering the known cognitive biases, we identified four cognitive biases described
in the literature that may be relevant to building sustainability:

e  The framing effect describes that different formulations of a message—without chang-
ing the content—can change a viewer’s preference [21]. For example, attitudes towards
a method may depend on whether it is said: “There is an 80% chance that no error will
occur” compared to “There is a 20% chance that an error will occur”. Even when the
information conveyed is the same, decision makers tend to behave more risk-seeking
when a positive frame such as the first is used, compared to more risk-averse such as
in the second frame.

e The anchor effect describes how a decision maker’s judgement can be anchored by
information seen before the decision is made. For example, in one of Tversky and
Kahneman'’s original experiments, participants were presented with a supposedly
random number, which however would only take the value of 10 or 65. When
subsequently asked to estimate the number of African countries in the United Nations,
median estimates were 25% and 45% for the participants who saw the numbers 10
and 65, respectively [22].

e The default effect describes the increased likelihood that an option will be chosen
when it is presented as the default response, which will be chosen when the decision
maker does not make any changes [23,24]. For example, Johnson and Goldstein
showed that the percentage of those agreeing to organ donation can be increased
by assigning participants to an opt-out condition (action to decline organ donation)
compared to an opt-in condition (action to accept organ donation).

e  The decoy effect describes that the preference of a decision maker can be nudged
between two options by constructing a decoy that is asymmetrically dominated [25].
An option (decoy) is asymmetrically dominated if it is inferior compared to one
option (target), while it is partially inferior and partially superior for the other option
(opponent). The inclusion of a decoy increases the proportion of decision makers who
choose the target over the opponent. In marketing, the goal is usually to maximise
revenue. In the context of building sustainability, however, the decoy effect can also
be interesting for the promotion of environmentally friendly products.

These four cognitive biases can be directed at three different levels of energy-related
decision-making: (a) general attitude towards building sustainability (framing effect for
greenhouse gas emissions from buildings), (b) design decisions at the level of planners,
home owners and managers (anchor effect for solar panels and default effect for building
design), and (c) consumer decisions of building users (decoy effects for electrical appli-
ances). Based on the described findings on cognitive biases and choice architecture, the
goal of the present study was to find effects of bounded rationality in the building context
that could be used to increase sustainability in this area. Specifically, we looked at the
following research questions, each considering one of the mentioned cognitive biases:

1. Does the framing effect increase awareness for greenhouse gas emissions from build-
ings through appropriate framing?

2. Does the anchor effect increase decision makers” willingness to pay more for solar
systems when a higher anchor is introduced for past prices?
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3. Does the default effect increase the willingness to pay more for an energy-efficient
home by offering the energy-efficient options as default?

4. Does the decoy effect increase the proportion of decision makers who choose a more
energy efficient target option in the purchase of an appliance (refrigerator, vacuum
cleaner) when an asymmetrically dominated decoy is introduced?

In order to decrease the knowledge gap on cognitive biases in the building sector as
well as to identify specific decision contexts that could be optimised towards sustainability,
we conducted a behavioural study based on different decision scenarios to answer the
above research questions using online surveys. We identified three cognitive biases, namely
the framing, default, and the decoy effects that can be utilised to create more sustainable
decisions in and around buildings. The decision contexts that we studied here were selected
in such a way that they can be transferred to real-life decision situations where they can
actually increase sustainability in the building sector.

In the following, we will first describe the general methods, then the methods, re-
sults, and discussions of the four research questions individually, followed by a general
discussion and the conclusions.

2. General Methods

To answer our research questions, we designed a survey using the online tool LimeSur-
vey [26]. To enable high performance and quickly available survey data, the survey was
offered on the survey platform Prolific [27].

2.1. Ethical Considerations

We consulted with a member of the Empa ethics committee for the proper imple-
mentation of the consent form. To ensure fair collaboration with the participants and to
counteract the sometimes poor worker protection of crowd-sourcing platforms, we sought
the most ethical platform possible, paid workers above the minimum wage, anonymized
all data, and had participants read and accept the consent form. The online provider
Prolific [27] guarantees worker protection, requires minimum wages, and offers general
accessibility to participants as well as cross-stratified representative samples (gender, age,
ethnicity) from the UK and US, and niche recruitment. Prolific has a satisfactory reputation
for ensuring high quality survey participants [28,29] while protecting their participants.

2.2. Participants

Having selected Prolific for participant recruitment due to the described ethical consid-
erations, the geographic location of the participants was limited to the UK and the US. We
decided to recruit participants who were all current UK residents as Prolific has the highest
reach in the UK (March 2020: 37,791 UK participants active in the 90 days prior to study
start) and, as the UK is similar in terms of climate, culture, and building industry to other
Middle and Northern European countries. This makes the studied decision contexts of this
study relevant for a number of countries in Europe and likely to Northern America. The
effects of cognitive biases are in all likelihood more general than this context and may be
applied globally by accounting for cultural and industry differences. We paid participants
£8.25/h for completing the study, which was above the national minimum wage in the UK
at the time of the study (spring 2020). In addition, participants were profiled on Prolific as
follows: at least 20 previous study participations on Prolific, acceptance rate of previously
submitted surveys on Prolific >90%, and no participation in our previous study. To achieve
gender balance, we offered participation in the survey to an equal number of women and
men. In total, 300 participants completed the survey on Prolific. Four participants read
the description but did not open the survey and were therefore not included for analysis.
Participants were randomly assigned to two groups with different treatments, groups A
and B. Three attention questions were included, which were easy to answer for anyone
who actually reads the given texts. Due to insufficient performance in these questions, the
answers of 25 participants had to be removed, resulting in a total number of 271 responses
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(136 group A, 135 group B). Unless otherwise stated, all further analyses were conducted
with the remaining participants.

The average survey completion time was 15 min (SD = 7 min). Prolific provides
certain demographic information of its participants directly through their profile (age,
gender, student status), while we used additional questions to collect other information
(gross household income, homeowner status, highest education, ethnicity, environmental
rating). Participants had a mean age of 34 years (SD = 12). Of the 271 participants, 137 were
women and 134 were men; 64 were students. The median of the gross household income
was in the range from £30,000 to £39,999, 110 participants were homeowners, as their
highest degree the majority of participants (99) had a Bachelor’s degree (BA /BSc/other),
and the majority of participants (229) described themselves as white. For more details,
additional tables and figures are given in Appendix A.

In addition, participants were assigned points for their answers in three questions rat-
ing their environmental attitudes, with more points corresponding to a more environmental-
friendly attitude. Out of a total of 15 points, the average environmental attitude was 12.89
(SD = 2.19). Furthermore, three cognitive reflection test (CRT) questions were asked. The
distribution of correct CRT questions was: 112 zero correct CRT questions, 66 one correct
CRT questions, 52 two correct CRT questions, and 41 three correct CRT questions.

2.3. Procedures

Participants were active survey takers on Prolific, where they could browse the survey
descriptions of different surveys from different institutions and select the ones that they
were interested in. For each survey available, Prolific presents a description page including
payment, duration of study, remaining study slots, and a text from the researcher. We
described the research team to the participants and that we were interested in their opinions
on issues related to energy in buildings and environmental issues. We emphasized that the
survey must be given full attention and that attention would be controlled by corresponding
questions. Such questions are a standard procedure at Prolific and the question texts were
approved by Prolific staff. Participants were also informed that they would be given
more time than necessary so that they would not have to rush through the survey. Lastly,
contact information was given. By executing the survey, participants consented to our
use of the anonymized data collected for publication in a scientific journal. After a brief
CAPTCHA test and providing their Prolific ID for participation, we asked our demographic
questions described above. The CRT questions were placed at the end of the survey so
as not to exhaust participants before the main section. The remainder of the survey
consisted of questions about cognitive biases related to building energy decisions, which
are explained in the next section. With the exception of the order of the demographic,
environmental assessment, and CRT questions, all questions were randomly ordered. That
is, the order of all question groups and questions within question groups was randomized.
For questions with different answer choices, the order of these was also randomized. The
survey questions can be found in Appendix B. It should be noted that there were new
pages for questions that were unrelated and participants could not return to a question
they had already answered.

2.4. Data Analysis/Data Collection

Data analysis was performed using the statistical programming language R [30].
Responses were either Likert scale, multiple-choice, importance rating scales, or numerical
inputs. Standard statistical hypothesis tests were used to compare participants from group
A and B (two-sample ¢-test, two-proportion z-test, Wilcoxon rank sum test). We used an
alpha level of 0.05 for all statistical tests.

In addition to the test results, we present effect sizes for interpretation. For a two-
sample t-test, we use Cohen’s d = |%|, where p; for i = 1,2 are the group means
and oy is the pooled standard deviation. For the two-proportion z-test, we use Cohen’s
h = 2|arcsin ,/py — arcsin ,/pz|, where p; for i = 1,2 are the group proportions. For the
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Wilcoxon rank sum test, we use Pearson’s r = |\/iﬁ |, with sample size n and the W-statistic

is standardized to z.
In the following sections, we present the methods, results, and discussion of the four
cognitive biases studied: framing, anchoring, default, and decoy effect.

3. Framing Effect
3.1. Methods

In order to examine our first alternative hypothesis—

Hypothesis 1. The framing effect increases awareness for greenhouse gas emissions from buildings
through appropriate framing—

we showed groups A and B two different introductory texts with the same content
about greenhouse gas emissions (GGE). Using the framing effect, the text of group A sets
“GGE due to the construction and operation of buildings” into focus, while the group B text
stresses “GGE from other sectors”. Afterwards, both groups were asked to rank various
problem areas in the order of importance, including GGE from buildings (Q1) and to rate
the importance of policy incentives to reduce GGE from buildings (Q2). The complete
framing effect question can be found in the appendix in Table A2. For Q1, we used a
one-tailed f-test to analyse the alternative hypothesis whether the mean rank given to the
GGE from buildings was greater in group A than in group B. For Q2, the response was
an ordinal Likert scale, and we used a non-parametric Wilcoxon rank-sum test to test for
inter-group-differences.

3.2. Results

Figure 1 shows the ranking of the problem area of GGEs from buildings in Q1, where
one is the highest ranking and eight is the lowest. The mean rank of GGE from buildings
in group A was 5.24, 95% CI [4.87, 5.61] and in group B 5.75, 95% CI [5.42, 6.08]. The mean
rank was higher in group A than in group B, £(266) = —2.022, p = 0.022. The mean rank
difference was 0.505 (d = 0.246).

301

20
O_Il ]
1 2 3 4 5 6 7 8

Rank

Count

Figure 1. Ranking of the importance of GGE from buildings among eight topics for group A (building
focus, red) and B (focus on other sectors, turquoise).

Figure 2 shows the rating of policy incentives to reduce GGE from buildings in Q2.
On average, group A gave a slightly higher rating than group B, W = 7853.5, p = 0.027;
r = 0.125.
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Figure 2. Rating of the importance of policy incentives to reduce GGE from buildings in group A
(building focus, red) and B (focus on other sectors, turquoise).

3.3. Discussion

The results support our alternative hypothesis by showing a small effect of the framing
on decision-makers’ attitudes towards GGE of buildings for Q1 and Q2. Participants with a
frame focusing on GGE from buildings ranked the issue slightly higher and agreed slightly
more with corresponding policy incentives. These results are consistent with previous
empirical evidence on sustainability related framing effects (e.g., Hardisty et al. [31]), but
the effect size is less pronounced. Comparing our results with the study of Hardisty
et al., the authors had an identified subgroup (political orientation) prior to the study
that suggested a possible correlation with a framing effect through taxes, resulting in
significantly stronger effects. In terms of future research, it may be useful to create frames
that are adapted to subgroups in order to achieve more prominent effects. Nevertheless,
our results show a small effect without these “smart frames”.

4. Anchor Effect
4.1. Methods

For the anchor effect, the alternative hypothesis was:

Hypothesis 2. The anchor effect increases decision makers” willingness to pay more for solar
systems when a higher anchor is introduced for past prices.

To address it, we first gave the participants information about the current and past
costs of a 4 kW solar system and then asked them how much they would be willing to
spend on one. For both groups, the current cost of the solar system, £6000, was the same.
The only difference between the groups was that the anchor—implemented as the past
cost of the solar system—for group A was higher, £20,000, than the anchor of group B,
£7500. Both were true values but go back in time to different degrees [32]. The complete
anchoring effect question can be found in Table A3 in Appendix B. It should be noted that,
due to numerical formatting errors in LimeSurvey, 13 responses had to be excluded from
the analysis for this question, resulting in 126 participants for group A and 132 for group B.
We tested the alternative hypothesis of whether the mean price participants were willing to
pay was higher in group A with a higher anchor than in group B with a smaller anchor
with a one-tailed t-test.
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4.2. Results

Table 1 shows that participants from group A with a higher anchor had a higher
mean willingness to spend £5048, 95% CI [4645, 5450], compared to the mean of group
B £4643, 95% CI [4352, 4933] with a lower anchor. However, with a mean difference of
£405 (d = 0.202, 8.02% decrease comparing group A to B), the result was not significant,
t(230) = 1.613, p = 0.054.

Table 1. Price in £ the participants were willing to pay for a 4 kW solar system.
Minimum 1th Quantile Median Mean 3rd Quantile Maximum
Group A (high anchor) 0 4000 5000 5048 6000 10,000
Group B (low anchor) 0 3500 5000 4643 6000 8000

4.3. Discussion

As the results show no evidence of a significant difference between participants” will-
ingness to pay for a solar system, regardless of whether a high or a small past price anchor
was used, we cannot support our hypothesis. This does not align with related findings
of highly significant anchor effects for energy decisions in buildings by Klotz et al. [13].
One explanation for the strong influence of the anchor effect in the work of Klotz and
co-workers could be the repeated anchor implementation. Anchoring was consolidated
through several thought processes with four preliminary questions with the same anchor,
whereas our study only relied on a single anchor. Accordingly, it may be of interest to
study repeated anchor implementations to increase the effectiveness of the method.

On the other hand, another limitation of our example could be the individual interpre-
tation. The anchor could trigger two opposing trains of thought, namely: “the price was
high and has already fallen sharply” versus “there is a downward trend that is continuing”.
In this sense, the first train of thought is consistent with our hypothesis, where the high
anchor price of the past pulls the value of the solar system upwards, while the second
train of thought contradicts it. This inconsistency is a criticism of the constructed example,
not of the anchor method itself. However, it illustrates the caution that must be exercised
when using choice architecture, as insufficiently clear implementations could have opposite
behavioural effects that inadvertently cancel out the cognitive bias of interest. Previous
anchor effect research has shown that the anchor does not have to reference the target
quantity (e.g., an unrelated random number as anchor for a fraction estimate [22]), while
our example might suggest that a relationship can even be harmful, as it can set the stage for
unintentional implications. While a simple approach to this issue would be to avoid a mis-
leading anchor, it may be of greater interest to explore this example further by additionally
asking participants to write down the accompanying thoughts about their decision.

5. Default Effect
5.1. Methods

For the default effect, the following alternative hypothesis was considered:

Hypothesis 3. The default effect increases the willingness to pay more for an energy-efficient home
by offering the enerqy-efficient options as default.

Participants were asked to imagine that they were planning to build a house and to
decide which features this house should have. Both group A and B were given the same
introductory text. Group A was then presented with a default quote for a house that was
less expensive (£409,000) but also less energy-efficient, while group B’s default quote was
for a more expensive (£436,500) but also more energy-efficient house. Afterwards, the
groups had the option to deviate from their initial default option by adding or excluding
five features, which were the same in both groups and which would increase and lower the
total building cost, respectively. Thus, selecting all additional features in the default quote
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of group A would result in the default quote of group B (at the corresponding cost) and,
vice versa, excluding all features in group B would result in the default quote of group A.
In addition, all participants were asked how satisfied they were with their original default
quote and the resulting quote after their adaptation. The complete default effect question
can be found in the appendix in Tables A4 and A5. We tested the alternative hypothesis,
whether the mean house price participants were willing to pay was higher in group B than
in group A with a one-tailed t-test.

5.2. Results

Figure 3 shows the adjustment of the quotes of groups A and B. By the higher number
of adaptations in group A, we can see that the majority of participants prefer a more
energy-efficient house at the cost of a higher price. However, the initial quote causes a tilt
towards the default options. In other words, participants in group B interested in energy
efficiency stayed closer to the initial energy-efficient default quote, while the number of
adjustments in group A varied more evenly between one and five adjustments.

40 1

Count
N
o

o I
0 . - —
0 1 2 3 4 5
Number of adaptations

Figure 3. Total number of adjustments to the initial quote in group A (less energy-efficient default,
red) and B (energy-efficient default, turquoise).

Considering the total cost of the house, Table 2 shows that participants from group A
with lower default had a lower mean cost of £422,879, 95% CI [421,356, 424,402], compared
to the mean of group B £428,030, 95% C1 [426,781, 429,279] with higher default. With a mean
difference of £5151 (d = 0.628), the difference is significant, t(259) = —5.172, p < 0.001.
While this is only a one per cent increase relative to full house prices, when the effective
possible price tolerance between group A and B of £27,500 from £409,000 to £436,500 is
taken into account, the effect is an increase of 18.7%.

Table 2. Total cost in £ the participants were willing to pay for their house after their own adaptations.

Minimum  1th Quantile Median Mean 3rd Quantile Maximum
Group A (less energy-efficient default) 409,000 416,500 422,750 422,879 429,000 436,500
Group B (energy-efficient default) 409,000 424,000 426,500 428,030 435,750 436,500

Figure 4 visualises the change in satisfaction of the participants between the initially
presented and the adapted quote. Consistent with the observed behaviour, the partic-
ipants from group A perceived an increase in satisfaction on average after adaptation
(Wilcoxon rank-sum test: W = 5215.5, p < 0.001; r = 0.374), while the participants from
group B where equally satisfied before and after the adaptation (Wilcoxon rank-sum test:
W = 88735, p = 0.703; |[r| < 0.1).
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Figure 4. The satisfaction of the initial (dark blue, khaki) and the adapted (dark gray, yellow) quote
for group A (less energy-efficient default, top) and B (energy-efficient default, bottom).

5.3. Discussion

The result supports our alternative hypothesis by showing an effect of medium
strength on the total price participants are willing to pay for a house when presented
with an energy-efficient compared to an energy-inefficient default quote. The two ac-
companying satisfaction questions before and after the adaptation of the quote show that
participants with an energy-efficient default quote not only made fewer changes, but were
also equally satisfied before and after their few adjustments, while participants with a less
energy-efficient quote made more changes and thus presumably perceived an increase in
satisfaction as a result of their action. We thus observe a trade-off between the willing-
ness to pay more for an energy-efficient house and the self-generated satisfaction from
their actions.

In any case, the results imply that architects, planners, and contractors need to be
aware of the effects that the design of a quote might have on the potential customer.
Possible reasons for the effectiveness of the default are that decision makers might interpret
the default quote as a recommendation that adopting a default involves less effort for them,
or that the default induces a loss aversion framework that inhibits strong deviation from
the default offer [23].

The medium default effect size for the construction example is consistent with other
empirical default effect research. Jachimowicz and co-workers [24] found default effects
of medium size (d = 0.68, 95% CI [0.53, 0.83]) in a meta-analysis across various domains.
While the authors found that defaults are more effective in consumers than in environmen-
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tal domains, we found a substantial medium effect in our sample. However, a possible
limitation of our example is that it is hypothetical and participants did not actually pur-
chase a building for which they needed to spend money. In reality, a prospective home
owner is likely to have a given budget that they cannot exceed and an initial decision
subject to a default effect—such as in our experiment—may be changed after further con-
scious deliberation on the decision. Hence, having empirically verified the default effect
in this hypothetical scenario, it might be of interest to create an experimental design with
participants who are given a small, real amount of money to spend in a default effect
setting that is closer to the real decision-making process. Even more preferable would be to
implement a default effect scenario in reality, for example with an architectural office, a
building contractor or other supplier.

6. Decoy Effect
6.1. Methods

The fourth alternative hypothesis was:

Hypothesis 4. The decoy effect increases the proportion of decision makers who choose a more
energy efficient target option in the purchase of an appliance (refrigerator, vacuum cleaner) when an
asymmetrically dominated decoy is introduced.

To examine this hypothesis, we constructed two hypothetical scenarios: the purchase
of a new refrigerator with the decision between models with different energy ratings and
cost and the purchase of a vacuum cleaner (VC) with the decision between models with
different power and cost. In both scenarios, group A had only two response options, the
target (more energy efficient and more expensive model) and the opponent. Group B had
an additional third response option, a decoy. The complete decoy effect questions can
be found in the appendix in Table A6. As introduced, decoy options are characterised
by induced asymmetric dominance: their performance quality (in our scenarios energy
efficiency in form of energy rating and power) lies between the first two options, while
their price is higher than both. Consumers usually consider not only the price and energy
efficiency of an appliance purchase, but also other attributes such as appearance, size, or
functionality. However, the scenarios presented here posit that every appliance offered is
available in all three energy-efficiency versions, so that the difference in decision is based
solely on the relationship between price and energy efficiency. Furthermore, to construct
the offers, in a preliminary study, participants were asked how much they were willing to
pay for the target and the opponent based on the same introductory text. The alternative
hypothesis of whether the proportion of decision-makers choosing the target option is
greater in group B with the decoy was tested with a one-tailed z-test.

6.2. Results

Both scenarios had similar outcomes. Figures 5 and 6 show that participants in group
B, where the asymmetrically dominated decoy option was presented, chose the target
more often. Few participants even chose the decoy option, which is not rational given the
information, as it is inferior to the other options in terms of price and energy efficiency.
Apart from the few deviants, the proportion of decision-makers choosing the target was
larger in group B (fridge: 93 out of 135, 68.89%; VC: 87 out of 135, 64.44%) than in group A
(fridge: 73 out of 136, 53.68%; VC: 71 out of 136, 52.21%). The effect was significant for the
fridge, )(2 = 5.981, p = 0.007, and the VC example, )(2 = 3.686, p = 0.027, with small effect
sizes for the fridge, 15.21%, h = 0.314, and the VC example, 12.23%, h = 0.249.
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Figure 5. Total number of choices for the different fridge models in group A (no decoy, red) and B

A+++ for £400 (Target) 1
A for £200 (Opponent) -
A++ for £450 (Decoy) 1

(decoy, turquoise).

800W for £180 (Decoy) 1 I

700W for £150 (Target) 1
900W for £100 (Opponent)

Figure 6. Total number of choices for the different vacuum cleaner models in group A (no decoy, red)
and B (decoy, turquoise).

6.3. Discussion

The results from the fridge and VC scenarios show a small decoy effect on the propor-
tion of decision-makers who chose a more energy-efficient appliance at a higher price. In
previous research on decoy effects, Huber and colleagues [25] found that adding a decoy
can be expected to increase the target share by about 9 percent on average, while, in our
example, the increase is slightly higher. The given scenarios show that decision makers on
the individual level can be nudged towards more energy-efficient alternatives by using the
decoy effect. However, as with the other financial decisions in this study, a limitation of this
experiment is that participants had to take hypothetical purchase decisions where no real
exchange of money took place. This could lead to the given options not being considered as
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seriously as in reality. Therefore, in further research, it would be interesting to investigate
the decoy effect “in the field”, for example by working with appliance retailers.

7. General Discussion

With this study, we reduced the gap in empirical research on cognitive biases in
energy-related decisions in the context of buildings, as addressed for example by Klotz and
colleagues [12]. As summarized in Table 3, the collected data support three out of four of
our alternative hypotheses with small to medium effect sizes on the existence of cognitive
biases in energy-related decisions in buildings at three different levels of decision-making.
The results indicate that cognitive biases can shift decisions towards more sustainable
alternatives and increase the focus on energy-related issues in buildings as well as the
willingness to spend more money on more sustainable alternatives. Building on initial
work on cognitive biases in the building process by Klotz and colleagues [13] as well as
Shealy and co-workers [14] who reported single cognitive biases, namely an anchor and a
framing effect, we have shown three cognitive biases: a framing effect that can increase
awareness of greenhouse gas emissions, a default effect leading to a more sustainable
building design and a decoy effect shifting consumer choices towards more energy efficient
devices. These cognitive biases can be applied in real-life scenarios, such as the building
design process, in order to favour decisions with more sustainable outcomes.

Table 3. Summary of the four alternative hypothesis main effects with p-values and with Cohen’s d,
h, and Pearson r.

Effect Size p-Value
Framine effect Ranking d =0.246 small 0.022 *
8 Rating r=0.125 small 0.027 *
Anchor effect d =0.202 small 0.054
Default effect d =0.628 medium <0.001 ***
Fridge h =0.314 small 0.007 **
Decoy effect e h = 0.249 small 0.027 *
small effect d=020 h=0.20 r=20.10
medium effect d =0.50 h =0.50 r =025
large effect d =0.80 h =0.80 r = 0.40

*p < 0.05, % p < 0.01, ™ p < 0.001.

However, the experimental approach chosen here has two main drawbacks: first, the
decision scenarios were hypothetical and no money had to be spent by the participants.
Second, the participants were not building professionals or all building owners who are
responsible for these type of decisions.

Regarding the first issue, in reality, sustainable choices are often a trade-off between
price or convenience and level of sustainability, where decision makers usually need to
sacrifice either money or comfort for the positive feeling of protecting the environment. In
a hypothetical experiment, however, participants get that feeling for free. This could lead
to less time and effort being spent on really weighing up the options, which introduces
a bias. Furthermore, participants may be more willing to act sustainably—complying to
a general social bias of being environmentally friendly—since it comes at no real cost.
However, while the experiments and the amounts participants were willing to pay do not
reflect reality one-to-one, they do show that cognitive biases have an effect in these types of
scenarios. Since cognitive biases are systematic deviations from purely rational behaviour,
it is likely that our findings are at least partially transferable to decisions with real financial
consequences, possibly with weaker effects. The fact that cognitive biases can be realized
in financially significant contexts is also shown by the broad application in marketing that
is already taking place.

The second limitation of this study is concerned with how well the findings can be
transferred to the decision-making of experts who work in the field. This limitation only
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affects research questions 2 and 3 on the anchor and default effect, respectively, since
research question 1 is covering the general awareness with respect to GGE from buildings
and question 4 is a consumer decision, which is relevant to the general population since
most people own a vacuum cleaner and probably many a fridge. For research questions
2 and 3, it needs to be considered that about 40% of the participants in our study were
in fact home owners, for whom these questions may be a real-life scenario. Finally, since
the propensity for cognitive biases is a trait common to humans, our sample of mixed
background does provide a basis for conclusions towards the target group. For example,
even experienced engineers, scientists, or managers can be influenced by the framing
effect [33] and emission trading research has shown that practitioners, i.e., professional
traders, seem to show significantly stronger endowment effects compared to students and
that only practitioners show status quo bias [34].

From the above discussion, it can be concluded that the cognitive biases demonstrated
here in an online study with a general population would likely also be effective in a group of
experts who are faced with these types of decision scenarios in their professional activity. It
should be noted that the effect sizes observed here were small to medium. That means that
the potential for behaviour change through these biases is limited in its size. Furthermore,
it needs to be assessed how well our findings translate into real-life decision scenarios.
A more general limitation of the use of cognitive biases towards increased sustainability
is their limited behavioural effectiveness: Schubert points out [20] that green nudges are
highly context-dependent and may only have temporary effects. Hence, they should be
seen as a complement to traditional policy making, based for example on incentives or laws,
however one that comes at significantly lower costs to implement. Thus, the examined
biases are of interest to be used in real-life scenarios by modifying existing decision contexts
in order to promote more sustainable decisions, i.e., nudge people to “greener” outcomes.

The question remains if applying choice architecture for sustainability is ethically
desirable since it is at odds with preventing the occurrence of cognitive biases in order to
increase transparency and autonomy in decision-making. We need to consider, however,
that we are probably limited in the extent to which we can prevent cognitive biases at
all. Shealy et al. [14] (p. 3), for example, concluded “Whether intentionally designed or
not, there is no neutral framework to present information.” Eliminating one can introduce
another cognitive bias (e.g., trying to create a neutral frame for one group of people may
introduce an intervention for another group, etc.). On the other hand, some observers
might interpret the active application of choice architecture as sinister or evil, whereas
sustainability is probably generally considered heroic or good. This would amount to
“using evil for something good.” However, staying out of it and being as neutral as possible
(e.g., avoid “nudges for sustainable buildings”) could tip the overall balance into the wrong
direction, as choice architecture is already widely used by other parties, e.g., in marketing,
mostly to maximise sales, retain customers, or promote products (which are not necessarily
environmentally friendly). Thus, maybe there is a silver lining in actively using cognitive
biases to promote sustainability—a goal which in many countries has been democratically
decided upon—instead of going with the flow of monetary interest groups. Furthermore,
since the struggle for sustainability is a collective affair, a centralized approach through
choice architecture might be more appropriate than a decentralized one where the decision
context for the individual would need to be as neutral as possible. This is because the
individual may lack the expertise and incentive to choose an appropriate sustainable option
and may be better served by a “soft guidance” in the form of choice architecture.

Thus, the systematic study of cognitive biases and its subsequent input for choice
architecture of the building design process may lead to a significant decrease in building
energy use, embodied energy, and carbon footprint. Furthermore, such an adaptation
of the design process could also be utilised to create “nudges” towards the use of more
sustainable materials (e.g., materials without harmful components) or the adherence to
the principles of circular economy (design for disassembly, possibility to reuse materials).
While some of these new design pathways might initially be a bit more expensive, in the
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long run, overall costs are likely to decrease as sustainable designs, systems, and materials
become more commonplace and as negative consequences of a non-sustainable approaches
are factored in (e.g., carbon penalty, etc.). Finally, choice architecture in the building design
process is a much cheaper measure to increase sustainability compared to interventions
based on regulation or incentives.

8. Conclusions

As the influence of bounded rationality on sustainable energy decisions in buildings
is largely unknown so far, the empirical evidence presented here can stimulate answers
to questions such as how cognitive biases prevent the adoption of available technology,
how this can be remedied and, on the other hand, how cognitive biases can be used in the
design process in order to favour sustainable options. In this work, we found evidence
of three cognitive biases—framing, default, and decoy effect—that may nudge the results
of decision-making processes relevant to the energy use in buildings towards increased
sustainability. Our data of approximately 270 participants from the UK show that one
can increase the willingness to pay more for an energy-efficient home by offering it as
default quote (medium effect), raise awareness of greenhouse gas emissions in buildings
by framing (small effects), and increase the proportion of decision-makers who choose
a more energy efficient target option by the use of a decoy (small effects). On the other
hand, we were not able to support the hypothesis that we can increase the willingness
to pay more for a solar system by anchoring the decision-makers with past prices. These
results promote the identification of pathways to an optimised building design process
using choice architecture, which may help to create more energy-efficient and sustainable
buildings. They can also help to “leverage” the introduction and uptake of novel sustainable
building technology by removing cognitive barriers. Since cognitive biases have scarcely
been studied in buildings so far, our findings significantly increase the available “toolbox”
for such an endeavour.

On a more theoretical level, this study further deconstructs the tacit assumption that
building professionals and building owners behave rationally, simply optimising the finan-
cial outcome within given boundary conditions: homo faber is not the homo economicus.

Our findings constitute a basis for further studies with building professionals or
homeowners entailing real financial consequences. It is important to assess how our
findings translate to decision processes in the field, if effect sizes will be different, and if
the decision scenarios need to be adapted for these contexts. Ideally, this will be done in
collaboration with architectural offices or building companies. On the other hand, this
study indicates that choice architecture theory could also be applied to other developments
in the built environment. For example, there are many behavioural and decision barriers
in implementing the principles of circular economy for buildings, or one can focus on
studying the promotion of CO;-neutral materials.

In summary, we have shown that cognitive biases in the building context can be used
to support the exploitation of already available and economically feasible technological
solutions by encouraging people to make more sustainable choices.
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The following abbreviations are used in this manuscript:

HVAC heating, ventilation, air conditioning

CRT cognitive reflection test
GGE greenhouse gas emissions
CI confidence interval

vC vacuum cleaner

Appendix A. Demographics

In this appendix, we provide additional tables and figures on the demographic infor-
mation of the survey participants.

Table A1l. Homeowner and student status of the 271 participants.

Yes No Prefer Not to Say Data Expired
Home owner 110 160 1 -
Student status 64 205 0 2
60 1
40 A
1<
=1
o
O
204
0-
20 30 40 50 60 70

Figure A1l. The age distribution of the 271 survey participants. Participants had a mean age of 34
with standard deviation 12.
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Figure A2. The counts of the highest education of the 271 survey participants.

Figure A3. The counts of the gross household income of the 271 survey participants.
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Appendix B. Survey Questions

In this appendix, the survey questions for each cognitive bias studied are presented in
table format. The text that participants saw is presented in normal font, with additional
information presented in italics.

Table A2. Questions for hypothesis on framing effect.

Group A (Focus on Buildings) Group B (Focus on other Sectors)

Approximately one quarter of EU greenhouse
gas emission are emitted due to the con-
struction and operation of buildings, the rest
are emitted in other sectors such as industry

Approximately three quarters of EU green-
house gas emission are emitted in sectors such
as industry and mobility that are not associated
with buildings, the rest are emitted due to the

and mobility. construction and operation of buildings.

Based on the text above, which of the following problem areas do you think is most important
for the EU today?

To answer the question, the participants had to rank eight options based on their personal importance.
The eight options were: Greenhouse gas emissions in buildings, Greenhouse gas emissions in mobility,
Greenhouse gas emissions in industry, Health care, Education system, Poverty, Economy, and Terrorism.

Based on the text above, should government policy focus strongly on incentives to reduce
greenhouse gas emissions in buildings?

To answer the question the participants had to choose between: Strongly agree, Somewhat agree, Neither
agree nor disagree, Somewhat disagree, and Strongly disagree.

Table A3. Questions for hypothesis on the anchoring effect.

Group A (High Anchor) Group B (Low Anchor)

Solar systems provide electricity from sunlight and are installed on the roof or the facade of
buildings. The power of a system (i.e., its number of kW) depends on the size of the solar
panels; larger panels are more expensive but also provide more electricity for the building’s
inhabitants. To cover the electricity demand of a 3-bedroom house, usually a 4 kW solar system
is needed. In the last decades, the cost of solar systems have dropped significantly.

A few years ago, a 4 kW solar system cost
around £20,000, whereas the price for the same
system today is around £6000, with some offers
being cheaper and some more expensive, de-
pending on the contractor that sells the system.
Assume you would like to have such a system
installed in the building you live in, how much
would you be willing to spend?

A few years ago, a 4 kW solar system cost
around £7500, whereas the price for the same
system today is around £6000, with some offers
being cheaper and some more expensive de-
pending on the contractor that sells the system.
Assume you would like to have such a system
installed in the building you live in, how much
would you be willing to spend?

To answer the question, participants had to fill in a numeric value in pounds.

Table A4. Questions for hypothesis on default effect part 1.

Group A (Less Energy-Efficient Default) Group B (Energy Efficient Default)

Imagine you are planning to have a house built for yourself to live in. You have already saved a
significant amount of money for a down-payment for the plot and the built. You have decided
on the size and floor plan of your new home together with a building contractor who will
build the house for you: a four bedroom house with about 140 m? floor area. To finalise the
planning process, you need to decide about some technical choices that will determine the
final cost of your house and how much energy it will use.
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Table A4. Cont.

Group A (Less Energy-Efficient Default)

Group B (Energy Efficient Default)

Your building contractor is very cost conscious
and presents you with a quote for a house with
only the necessary energy technology. Like that,
the house will feature the following:

. double glazing windows;

. 15 cm thick wall insulation to minimise
heating needs;

. 20 cm thick roof insulation;

e gas central heating for providing heating
and warm water;

o all electricity from the grid.

Compared to the latest energy technology, the
features will be cheaper. However, you will use
more energy when you will live in the house
and hence your energy bills will be higher. The
total cost of building the house (without the
plot) in this configuration is £409,000.

Your building contractor is very energy con-
scious and presents you with a quote for a
house that adheres to an excellent energy stan-
dard, taking into account the latest state-of-the-
art technology. Like that, the house will feature
the following:

o triple glazing windows;

. 25 c¢m thick wall insulation to minimise
heating needs;

. 30 cm thick roof insulation;

e  sustainable ground heat pump for provid-
ing heating and warm water;

o solar power system for electricity produc-
tion.

These features will save energy when you will
live in the house and hence will decrease your
energy bills. However, they are also more ex-
pensive than the basic technology. The total
cost of building the house (without the plot) in
this configuration is £436,500.

Based on the text above, please rate how attractive you find the initial quote.
To answer the question, participants had to choose between: Extremely attractive, Very attractive,
Moderately attractive, Slightly attractive, Not at all attractive, Prefer not to say.

Table A5. Questions for hypothesis on default effect part 2.

Group A (Less Energy-Efficient Default)

Group B (Energy Efficient Default)

As your building contractor knows that maybe
you would like to have a more energy-efficient
home, he adds to the quote how much the cost
would be increased if you chose to substitute
these basic features for more energy efficient
but also more expensive options. These, in turn,
will lead to lower energy bills later as the house
will be more energy efficient.

As your building contractor knows that this
configuration is on the upper end of your bud-
get expectations, he adds to the quote how
much the cost would be reduced if you chose
to substitute these energy efficient features for
less energy efficient but cheaper options. These,
in turn, will lead to higher energy bills later as
the house will be less energy efficient.

Please indicate if you would like to substitute
any of the basic energy features to make the
quote more attractive for you personally by
ticking the box next to the feature.

®  Substitute double glazing windows for
triple glazing (less heat is lost through
windows) at a cost increase of £1500.

e Substitute 15 cm thick wall insulation for
25 cm thick wall insulation (less heat is
lost through walls) at a cost increase of
£2500.

*  Substitute 20 cm thick roof insulation for
30 cm thick roof insulation (less heat is
lost through roof) at a cost increase of
£3500.

Please indicate if you would like to substitute
any of the energy efficient features to make the
quote more attractive for you personally by tick-
ing the box next to the feature.

e Substitute triple glazing windows for dou-
ble glazing (more heat is lost through win-
dows) at a cost reduction of £1500.

e Substitute 25 cm thick wall insulation for
15 cm thick wall insulation (more heat is
lost through walls) at a cost reduction of
£2500.

e  Substitute 30 cm thick roof insulation for
20 c¢m thick roof insulation (more heat is
lost through roof) at a cost reduction of
£3500.
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Table A5. Cont.

Group A (Less Energy-Efficient Default)

Group B (Energy Efficient Default)

®  Substitute gas central heating for ground
heat pump (heating is more sustainable)
at a cost increase of £10,000.

* Do not buy all electricity from the grid
and install solar power system (more sus-
tainable electricity mix) at a cost increase
of £10,000.

Substitute ground heat pump for gas cen-
tral heating (heating is less sustainable) at
a cost reduction of £10,000.

Do not install solar power system and buy
all electricity from the grid (less sustain-
able electricity mix) at a cost reduction of
£10,000.

To answer the question, the options above were presented as multiple choice answer,

where participants had to mark their adaptions.

Please rate how attractive you find the adapted quote with the total cost and the features that

you may have changed above.

To answer the question, participants had to choose between: Extremely attractive, Very attractive,

Moderately

attractive, Slightly attractive, Not at all attractive, Prefer not to say.

Table A6. Questions for hypothesis on the decoy effect for the fridge and vacuum cleaner.

Question

Answer Options

Fridges are classified into official energy classes
A+++, A++, A+, A, B, C, and D, where A+++
has the lowest electricity consumption and D
has the highest consumption. Assume that
the following mentioned fridges are the same
apart from the energy class and price (e.g., same
looks, functionality, etc.)

(Target) Fridge with energy rating A+++
for £400.
(Opponent) Fridge with energy rating A
for £200.
(Decoy) Fridge with energy rating A++
for £450.

Assume the mentioned vacuum cleaners are
the same apart from their electricity consump-
tion and their price (e.g., clean equally well,
same weight, same looks, etc.). Higher electric-
ity consumption has a greater impact on the
environment. If you wanted to buy a new vac-
uum cleaner for your home and based on the
text above, which of the following would you
rather buy?

(Target) 700 watts vacuum cleaner for
£150.
(Opponent) 900 watts vacuum cleaner for
£100.
(Decoy) 800 watts vacuum cleaner for
£180.
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