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Effect of Materialism on
Pro-environmental Behavior Among
Youth in China: The Role of Nature
Connectedness
Jing Wang and Yongquan Huo*

School of Psychology, Shaanxi Normal University, Xi’an, China

We designed three studies to explore the effect of materialistic values on

pro-environmental behavior among youth and themediated role of nature connectedness

between materialistic values and pro-environmental behavior. Through a self-report

questionnaire survey (Study 1) and an experimental manipulation of materialistic values

(Study 2), we found that materialistic values negatively predicted pro-environmental

behavior, and that nature connectedness played a mediating role. Further, we used

natural contact strategies to control the level of nature connectedness, and found

that the negative impact of high materialistic values on pro-environment behavior

decreased with the increase of nature connectedness, further supporting the mediating

role of nature connectedness (Study 3). These results may contribute to the design

of strategies that effectively mitigate the negative effects of materialistic values on

pro-environmental behavior.

Keywords: materialistic values, pro-environmental behavior, nature connectedness, nature contact, mediation

model

INTRODUCTION

In recent years, a variety of environmental problems have posed threats to environmental
sustainability, including global warming, air pollution, water shortages, noise pollution, and the loss
of biodiversity, many of which are caused by human activities and behavior (Vlek and Steg, 2010).
Therefore, increasingly more attention has been paid to research on environmental protection
behavior and its influencing factors in different fields (Rosa and Collado, 2019). Hines et al.
(1987) suggested that such action to avoid or solve various environmental problems, known as
pro-environmental behavior, is a conscious behavior based on personal responsibility and values.
Recent research has found a close relationship between individual values and behaviors toward
the environment (Hurst et al., 2013). Among the many factors that influence pro-environmental
behavior, the important role of materialistic values has attracted attention in academic circles
(Furchheim et al., 2020). Recent studies have shown that materialism is popular among Chinese
consumers, especially young consumers (Ma et al., 2020). However, there is little research on
the relationship between specific values and environment-friendly behaviors, especially in Eastern
cultures such as China. Thus, it is important to gain a deeper understanding of the role of
materialistic values in pro-environmental behavior among young consumers in the context of
China, a developing Asian country where only modest research efforts have been made toward
exploring this important topic.
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MATERIALISTIC VALUES AND
PRO-ENVIRONMENTAL BEHAVIOR

Since China’s reform and opening up, the urban economy has
substantially developed, and the nation’s urbanization process
has advanced to gradually enter a “new normal” phase. In
this process, China’s population and industries continue to
inundate its cities, and environmental pollution has become
a critical problem (Hao et al., 2020). Materialistic values
involves the increasing emphasis on material wealth as the
center of life, source of happiness, and criterion for success
(Richins and Dawson, 1992). In general, materialism is usually
positively correlated with selfishness, self-centeredness, and
extrinsic motivation (Shrum et al., 2013), and individuals with
materialistic tendencies seem to pay more attention to externally
visible characteristics and appearance than to social relationships.
In particular, materialistic values can affect the development
of society through their effects on individuals. According to
the theory of value conflict, people’s various values are not
completely isolated, but coexist in an interrelated hierarchical
structure (Schwartz, 1994). On these grounds, if individuals
hold two competing or opposing values at the same time, they
will experience a conflict of values. Specifically, concern for the
health of our planet is reflected in self-transcendental values,
which tends to be universalist and collectivist, while materialistic
values are the opposite of these two values. There is evidence
that a conflict between materialistic and green value profiles can
arise in consumers (Furchheim et al., 2020), and it is illustrated
that materialism is accompanied by less concern for ecological
sustainability. Numerous studies have also found a significant
negative correlation betweenmaterialism and pro-environmental
behavior (see Hurst et al., 2013; Kasser, 2016). Increasingly,
research in countries, such as Canada, Italy, and Sweden further
supports this finding (Hirsh and Dolderman, 2007; Hultman
et al., 2015; Lu et al., 2016). According to the above theory and
the negative effects of material values, we hypothesize that: higher
levels of materialistic value are associated with lower levels of
pro-environmental behavior (H1).

THE ROLE OF NATURE CONNECTEDNESS

Nature connectedness is a psychological connection to nature
reflecting one’s relationship with the natural environment (Mayer
and Frantz, 2004; Tam, 2013). It means that the individual
endows nature with human characteristics, perceiving nature
as a feeling, thinking, and living object just like humans.
Relevant studies show that materialism has been associated
with lower quality relationships with friends and romantic
partners (Kasser and Ryan, 2001). An individual’s materialistic
tendency may lead to higher indifference, lower empathy, and
less attention to others’ pain (Kasser, 2016). In addition, the
interpersonal relationship (e.g., peers, parents, or teachers) can
be extended to non-interpersonal relationships (e.g., the natural
environment itself), in which individuals can undertake various
commitments (Davis et al., 2009). A recent study showed
that higher materialism was associated with a lower level of

attachment to the places and people one lives in contact with,
which was a stable predictor of one’s level of pro-environmental
behavior (Scannell and Gifford, 2013). These studies suggest that
people with highmaterialistic values have lower levels of empathy
and attachment to nature; that is, they have a weaker sense of
connection with nature, and may thus further show a lower level
of pro-environmental behavior.

In environmental psychology, the sense of nature connection
may be a way to environmental sustainability (Zelenski and
Nisbet, 2014). Individuals’ sense of nature connection may
motivate them to participate in pro-environmental behavior
(Mayer and Frantz, 2004). Conversely, a lack of connection
with nature has been blamed for individuals’ indifference toward
environmental degradation and protection (Pyle, 2003; Soga
and Gaston, 2016). Roszak (1992), an American ecological
psychologist, proposed the “ecological subconscious” concept
in his book The Voice of the Earth. He believed that there is
an innate and evolving emotional connection between humans
and the environment. If the emotional connection is suppressed,
individuals will not have a high sense of identity to fully
correspond to the ecological environment, let alone treat
themselves and nature equally. This will be detrimental to the
development of an ecological self-concept and cognition as well
as pro-environmental behavior. Studies have also shown that
emotional attitudes toward nature can play a key driving role in
individuals’ actual behavior toward the environment (Pinho et al.,
2014; Whitburn et al., 2020). Based on the above literature, it can
be seen that there is a close relationship between materialistic
values, pro-environmental behavior, and nature connectedness
(Aruta, 2021). Specifically, activating individual materialistic
values can lead to a decrease in the level of nature connectedness
and a decrease in the level of pro-environment behavior, while
the nature connectedness can affect the level of pro-environment
behavior. Our research hypothesis was as follows: the mediating
effect of nature connectedness on the relationship between
materialistic values and pro-environmental behavior (H2).

NATURAL CONTACT PARADIGM AND
NATURE CONNECTEDNESS

Nowadays, young people clearly encounter an extraordinary
array of vicarious images of nature. Young people’s experience
of nature, broadly speaking, can be classified in three ways:
direct, indirect, and what may be called “vicarious” or “symbolic”
experience (Kellert, 2002). For the majority of people today,
outdoor nature experiences, while vanishing, can be replaced
with virtual alternatives (Clements, 2004; Ballouard et al., 2011).
These vicarious images often occur in modern society through
relatively innovative communication technologies like mobile
phones, television, film, or computers (Kellert, 2002). The
environmental connectedness perspective also posits that direct
encounters with generalized or non-specific “nature” lead to
environmental connectedness (Kellert, 2002; Beery and Wolf-
Watz, 2014). There is evidence that the longer the contact time
with nature, the stronger the sense of connection with nature
(Kals et al., 1999; Chawla, 2006). In addition, some studies have
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shown that after viewing pictures or videos of nature, known
as the nature exposure paradigm, individuals scored higher on
nature connectedness (Weinstein et al., 2009; Zelenski et al.,
2015; Soga et al., 2016). Importantly, there is evidence that four
laboratory studies (where participants reported their wishes after
having been exposed to a particular scene or object) showing
that individuals focused on their internal aspirations more than
on external ones when they were exposed to nature stimuli
(Weinstein et al., 2009). It may be that when people are guided
to focus on intrinsic and self-transcendent goals, they move away
from materialistic values. Taken together, we hypothesized the
following: enhancing the nature connectedness through natural
contact paradigm could mitigate the impact of high materialism
on pro-environment behavior (H3).

THE PRESENT STUDY

To extend the former research, three main points have been
improved in this study. First, at present, the evidence that high
materialistic values are predictive of lower pro-environmental
behavior among youth and young adults is scant and relatively
weak especially in a Chinese cultural context (Gu et al., 2020).
Most such research is cross-sectional. Moreover, such research
has not examined the underlying psychological mechanisms
between materialistic values and pro-environment behavior.
Third, Kasser (2016) suggests that while acknowledging that
everyone has materialistic values or goals, proposed ways to
reduce the damage of materialism to other valuable life goals. As
for how to promote the possibility of pro-environment behavior
of people with materialistic values, this is also a problem worthy
of attention and discussion.

Accordingly, considering the limitations of previous studies,
we conducted a questionnaire survey (Study 1) and an
experimental study (Study 2) to examine the causal relationship
between materialism and pro-environmental behavior, and to
verify the intermediary role of nature connectedness in the
relationship. Further, to thoroughly examine whether the effects
of high levels of materialism on pro-environment behavior can
be mitigated, Study 3 used the natural contact paradigm to
manipulate the level of nature connectedness to further test the
role of the nature connectedness in the relationship between high
materialistic values and pro-environmental behavior.

STUDY 1

Participants and Procedure
A power analysis using G∗Power software (Faul et al., 2009)
analysis suggested that to obtain a medium power test (r = 0.30,
α = 0.05, 1-β = 0.80), 82 participants were needed. Considering
that questionnaires attrition rate may be low, we recruited 305
students from two local universities in Xi’an, China, to complete
a questionnaire, and 277 questionnaires were collected (recovery
rate = 90.8%). Participants (119 women) were between 18 and
24 years of age (Mage = 20.85 years, SD = 1.53). Participants
were informed about the nature of their participation in the
study and provided their verbally consent to participate. After

completing the questionnaire, each participant was given a pen
in appreciation.

Measures
Trait Materialistic Values
The revised Chinese version of the Material Values Scale (MVS;
Li and Guo, 2009), originally developed by Richins and Dawson
(1992), was used to measure trait materialism. The structure
of the revised scale is similar to that of the original scale;
however, five items were removed due to cultural differences
and translation problems (Li and Guo, 2009). This is a reliable
and valid measurement for assessing trait materialism in Chinese
populations (Li et al., 2018) and includes 13 items rated on a five-
point Likert scale (1 = “strongly disagree,” 5 = “strongly agree”).
The reliability of the scale in the present study was Cronbach’s
α = 0.78.

Pro-environmental Behavior
We used the self-report Pro-environmental Behavior Scale (PBS),
revised by Liu and Wu (2013) for Chinese college students in
reference to past research (Kaiser et al., 2007; Gong, 2008). This
scale consists of 12 items, and participants rate each item from
one to five according to their actual behaviors. The total score
ranges from 12 to 60. The PBS includes items such as “I am
actively involved in activities organized by the school or the
environmental protection society” and “When no one is in the
room, I will turn off the lights when I leave the room.” Higher
scores on the PBS indicate higher pro-environmental behavior. In
previous studies, the reliability and validity of the questionnaire
were good, and the Cronbach α coefficient was above 0.78 (Zong
and Wang, 2017). In the present study, Cronbach’s α for the PBS
was 0.81.

Nature Connectedness
We used the Connectedness to Nature Scale (CNS) developed
by Mayer and Frantz (2004) and revised by Li and Wu (2016).
Participants rate their agreement with 14 items using a five-point
scale (1 = “strongly disagree,” 5 = “strongly agree”); items 4,
12, and 14 are reverse-scored. The scale is unidimensional, and
higher total scores indicate higher emotional connection and a
closer relationship with nature. The CNS has been found to be
reliable across time and is widely used (Diebels and Leary, 2019).
The reliability of the scale in our study was Cronbach’s α = 0.78.

Results and Discussion
Common Method Biases
According to the suggestion of Podsakoff et al. (2003), the
Harman single-factor test used to test common method
deviation. That is, an unrotated principal component factor
analysis is performed on all variables simultaneously. If multiple
factors are obtained and the variation explained by the first
factor does not exceed 40%, the common method variation
problem is not serious. The results revealed 11 eigenvalues >1
without rotation, and the mutation rate interpretation of the
first factor was 15.94%, which was less than the critical value of
40%. This indicated that the common method deviation in this
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study was not problematic, and subsequent data analysis could
be carried out.

Descriptive Statistics and Correlations
We computed Pearson’s correlation coefficients to explore the
relationships among the study variables (see Table 1 for the
descriptive statistics and correlations). The results showed that
materialistic values had a significant negative correlation with
pro-environmental behavior. Nature connectedness showed a
significant negative correlation with materialistic values and a
significant positive correlation with pro-environmental behavior.

Mediation Analysis: The Role of Nature

Connectedness
We examined the mediating role of nature connectedness in the
association between materialistic values and pro-environmental
behavior by employing the PROCESS 3.0 (Hayes, 2013) macro
(Model 4, 5,000 bootstrap samples) of SPSS. Materialistic values
was the independent variable (X), pro-environmental behavior
was the dependent variable (Y), and nature connectedness was
the mediating variable (M). The results are shown in Figure 1.

TABLE 1 | Descriptive statistics and correlation coefficients for materialistic

values, nature connectedness, and pro-environmental behavior.

M SD 1 2 3

1. Materialistic values 2.56 0.58 –

2. Nature connectedness 3.89 0.57 −0.29** –

3. Pro-environmental behavior 3.52 0.60 −0.12* 0.28** –

Sample size = 277; *p < 0.05; **p < 0.01.

In the direct path (c), materialistic values negatively predicted
pro-environmental behavior. In the indirect path, materialistic
values negatively predicted nature connectedness (a), while
nature connectedness positively predicted pro-environmental
behavior (b). The mediating effect value of nature connectedness
between materialistic values and pro-environmental behavior
was -0.08, 95% confidence interval (CI) [-0.1405, -0.0349],
and this range did not include zero. The ratio of indirect
to direct effect of materialistic values on pro-environmental
behavior was 39%. Therefore, themediatingmechanism of nature
connectedness had statistical significance in the relationship
between materialistic values and pro-environmental behavior.

In summary, we used a cross-sectional questionnaire
to explore the relationship between materialistic values
and pro-environmental behavior, and the mediating role
of nature connectedness. Results showed that the level
of pro-environmental behavior of participants with high
materialistic values was lower compared with participants with
low materialistic values. Low pro-environmental behavior was
often accompanied by a high level of materialistic tendencies
and low levels of nature connectedness. This result provides
support for our hypothesis but does not explain the causal
relationships. Hence, Study 2 was performed to further explore
the relationships among the three variables through experimental
manipulation of materialism.

STUDY 2

Participants
To obtain a medium power test (effect size = 0.55 in a t-
test analysis), a G∗power analysis suggested a total sample
size of 106 participants would be needed to obtain a power

FIGURE 1 | Mediating effect of nature-connectedness on the relationship between materialistic values and pro-environmental behavior.
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of 0.80 (Faul et al., 2009). Therefore, we recruited 140 college
students from two local universities in Xi’an, China; data from
3 participants were removed because they did not complete
the experiment as required. Thus, 137 participants (68 women)
aged between 18 and 24 years (Mage = 18.88 years, SD = 1.07)
completed the experiment. Participants provided their informed
consent to participate.

Stimulus, Materials, and Procedure
Materialistic Values Manipulation
We referred to the activation theory of materialistic values and
previous research (Bauer et al., 2012; Caruso et al., 2013) and
selected cues reflecting materialism in daily life such as cars,
brand-name cosmetics, jewelry, and luxury goods (30 pictures
from an Internet gallery). We also selected 30 geometric pictures
(including planar, three-dimensional regular or irregular) to be
used in the neutral control group in the same way, according to
Berry et al. (2014) study. These images were randomly presented
to the experimental and control groups, respectively (rendering
time: 30,000ms; interval: 5,000 ms).

State Materialistic Values Scale
Wemodified the Chinese version of the MVS (Li and Guo, 2009)
used in Study 1 to develop a state materialism scale by adding “At
the moment,” so that items referred to the participants’ current
state of mind (e.g., “At the moment, I think I will feel happier if
I can afford to buy more things”). The scoring criteria were the
same as in the original scale. The reliability of this revised scale in
our study was Cronbach’s α = 0.73.

State Connectedness to Nature Scale
The state CNS version contained 13 of the 14 items in the
trait CNS version (Study 1) simply reworded. The state CNS
was well-correlated with the trait CNS (r > 0.6) and has been
successfully used to measure connectedness to nature due to
experimental manipulations in previous studies (Frantz et al.,
2005). For example, the item, “I often feel a sense of oneness with
the natural world around me” was rephrased as “At this moment
I feel a sense of oneness with the natural world around me.” One
item from the original scale was deleted because it could not
be reworded. Items were rated on a five-point Likert scale (1 =

“strongly disagree,” 5 = “strongly agree”). The reliability of this
scale in our study was Cronbach’s α = 0.76.

Pro-environmental Behavior Scenario Simulation

Task
We used a pro-environmental behavior scenario simulation
task. The level of pro-environmental behavior was measured by
assessing simulated donations to an environmentally friendly
organization (Ku and Zaroff, 2014; Zaval et al., 2015),
and participants received the following information. “Our
research group is cooperating with the environmental protection
organization of our school Friends of Green to carry out the
environmental protection activity of urban garbage reduction.
This activity aims to explore new models of waste disposal and
provides support for relevant policy formulation and public
knowledge popularization. Many a little makes a mickle. You

can choose to convert this gift into 10 RMB. We hope you can
take some money from this experiment remuneration to help
our environmental protection activities. If the fee is divided into
10 parts, from 0 to 10, how many parts of the community chest
would you donate to help the environmental campaign?”

Procedure
After the participants entered the laboratory, we asked them
to sign an informed consent form, and explained to them that
the experimental procedure was divided into three parts. Then,
the participants were each randomly allocated to one of two
conditions: materialism condition (n = 69) and neutral priming
condition (n = 68). Initially, participants completed a photo
categorization game (priming task). The priming group was
shownmaterialism-inducing material, and the control group was
shown the geometric material. Immediately afterwards, they were
asked to complete the measures of state materialism and state
nature connectedness. Next, participants were asked to complete
the pro-environmental behavior scenario simulation task and
a demographic questionnaire. Participants were informed that
the survey was anonymous and confidential and were asked to
answer truthfully. After the experiment, each participant was
debriefed to determine their awareness of the study hypotheses,
and no one was able to identify the study’s true purpose.
Participants were given a notebook as a token of appreciation.

Results and Discussion
Materialistic Values Manipulation Check
We compared the state materialistic values scores of the priming
group with the control group to check the manipulation of
materialism. The analysis revealed that the state materialism
values scores in the priming group (M = 3.52, SD = 0.46) were
significantly higher than in the control group (M = 2.84, SD
= 0.46), t(68) = −8.64, p < 0.001, which suggests that the
manipulation of state materialism was successful.

Pro-environmental Behavior
We compared the money donated to the environmental
organization the number between the materialism priming group
and control group to test the influence of materialistic values
on pro-environmental behavior. The results showed a significant
difference in the scores of the two groups. Participants in the
materialism priming group (M = 5.62, SD = 2.21) chose to
donate significantly fewer money for environmentally friendly
activity than those in the control group (M = 8.21, SD = 1.53),
t(68) = 7.94, p < 0.001. In addition, The indices indicated that
participants who had temporarily enhanced materialism in the
laboratory showed lower levels of pro-environmental behavior.

Mediation Analysis: The Role of Nature

Connectedness
The correlations between the study variables are shown in
Table 2. There were significant correlations between materialistic
values, nature connectedness, and pro-environmental behavior,
which provided a basis for testing the mediating effect.

Next, we used the PROCESS macro of SPSS 23.0 (Model 4,
5,000 bootstrap samples) to estimate the mediating effect of
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TABLE 2 | Descriptive statistics and intercorrelations between variables in Study

2.

M SD 1 2 3

1. Materialistic values 3.18 0.57 –

2. Nature connectedness 2.84 0.50 −0.47** –

3. Pro-environmental behavior 6.91 2.30 −0.39** 0.42** –

**p < 0.01.

nature connectedness on the relationship between materialistic
values and pro-environmental behavior. Results revealed that the
materialistic values negatively predicted nature connectedness (β
= −0.41, p< 0.001), which in turn negatively predicted the score
for number of green products purchased (β = −1.01, p < 0.005).
The residual direct effect was also significant (β = −1.01, p <

0.005). The total effect of materialism on the score for number of
green products purchased was significant (total effect = −1.58,
95% CI= [-2.21, -0.95]). After nature connectedness was entered
into the equation, the indirect negative effect of materialism on
the pro-environmental behavior remained significant (indirect
effect = −0.57, 95% CI = [-1.01, -0.20]). The results supported
the role of nature connectedness as a partial mediator.

The results from Study 2 conceptually replicated Study 1
(by manipulating the individual relative level of materialistic
tendency) and provided support for the hypothesis. As a special
case of pro-social behavior, pro-environmental behavior has
a high degree of social desirability. According to a meta-
analysis performed Kormos and Gifford (2014), self-reported
pro-environmental behavior can only explain 21% of the variance
in actual behavior. Therefore, to improve the ecological validity
of the research, this study adopted a simulation of giving
money to environmental groups. We found that participants
with higher materialism tended to show lower levels of pro-
environmental behavior due to their lower nature connectedness.
If nature connectedness is an intervention strategy with negative
effects on materialism, it should increase the level of pro-
environmental behavior among highly materialistic individuals.
Therefore, in Study 3, we explored whether the activation of
nature connectedness could enhance the pro-environmental
behavior of high-materialism participants.

STUDY 3

Participants
Referring to the sample size of study 2 using G∗power analysis
and considering the needs of this study, we recruited 420 college
students from two local universities in Xi’an, China, who had
not participated in the previous experiment, then completed the
MVS questionnaire. Data from 17 participants were excluded
due to incomplete information (recovery rate = 95.95%). Total
MVS scores were ranked from low to high. The highest 27% were
selected as the high-materialism group. Thus, the participants
were 109 college students between 18 and 27 years of age (58
women; Mage = 19.38 years, SD = 1.70). Participants provided
their informed consent to participate.

Stimulus, Materials, and Procedure
State Materialistic Values Scale
The measure of trait MVS was the same as in Study 1, and
Cronbach’s α was 0.86.

State Connectedness to Nature Scale
The measure of state CNS was the same as in Study 2, and
Cronbach’s α was 0.78.

Natural Contact Paradigm
Referring to a prior study using nature-contact materials
(Mayer et al., 2009), we selected 5 × 3-min videos from
network documentaries of Chinese nature scenes. We asked
five doctoral students in psychology to establish corresponding
scores for these clips using the “structural evaluation of
the environment” method (Ulrich et al., 1991) and different
dimensions (complexity, structure, concerns, and scene depth).
After extensive deliberation, we selected the video with high
scores in all aspects as the material for the nature group. The
control group procedure was consistent with the method in
Study 2; as such, we selected videos of geometric shapes ∼3min
in length.

Pro-environmental Behavior Scenario Simulation

Task
We added a score on willingness to donate time to environmental
activities from study 2. After completing the money donation
option, participants were given the following message: “If you
divide your leisure time into 10 parts, from 0 to 10, how much
time do you have for environmental activities?”

Procedure
As in Study 2, after providing informed consent, participants
were randomly divided into two groups: nature exposure (n= 55)
and neutral control (n = 54). First, participants were required to
watch videos with nature content or geometric figures, depending
on their group assignment, and then complete the state CNS
and a demographic questionnaire. Following this, participants
were asked to complete the second task: making a donation of
money and time to the environmental organization. We assured
them that the survey was anonymous and confidential, and
asked them to answer truthfully. After the experiment, each
participant was debriefed to determine their awareness of the
study hypotheses, and no one was able to identify the study’s true
purpose. Participants were given a notebook in appreciation.

Results and Discussion
Nature Connectedness
To test the level of nature connectedness between the nature
exposure and neutral control, we used T-test to compared the
sense of nature connectedness in the two groups.

The analysis revealed that the mean state CNS score in the
nature exposure group (M = 3.91, SD = 0.43) was significantly
higher compared to the control group (M = 3.41, SD = 0.53),
[t(95) = 5.43, p < 0.001]. These results suggest that natural
contact intervention strategies can effectively enhance the sense
of natural connection inhibited by high materialistic values.
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TABLE 3 | Descriptive statistics and intercorrelations between variables in Study

3.

M SD 1 2 3 4

1. Materialistic values 4.09 0.28 –

2. Nature connectedness 3.66 0.54 −0.24* –

3. Money donated to environmental

organization

6.04 2.53 −0.21* 0.22* –

4. Time donated to environmental

organization

5.53 2.65 −0.17 0.21* 0.45** –

*p < 0.05; **p < 0.01.

Descriptive Statistics and Correlations
Descriptive statistics were used for participants’ general
characteristics with high materialistic values and descriptive
statistics of the measurement variables (see Table 3). The
results showed that materialistic values had a significant
negative correlation with nature connectedness and money
donated to environmental organization, except time donated
to environmental organization. Nature connectedness showed
a significant positive correlation with money donated to
environmental organization and time donated to environmental
organization. Meanwhile, there is a strong positive relationship
between the money donated to environmental organization and
time donated to environmental organization.

Comparison of Pro-environmental Behavior at

Different Levels of Nature Exposure
To assess the effect of the nature contact intervention on
pro-environmental behavior among individuals with high
materialistic tendencies, a t-test was conducted to compare the
money and time donated to the environmental organization
between the nature exposure and control groups. The results
showed a significant difference between the two groups (Table 4);
specifically, participants in the nature exposure group willing
to donate more money to the environmental organization and
spend more time in environmental activities than those in the
control group.

Therefore, we believe that the natural contact paradigm can
effectively enhance the emotional relationship of individuals with
materialistic values to the environment. Nature contact paradigm
could enhance pro-environmental behavior for individuals
with high materialistic tendencies in a short period of
time. The negative effect of high materialistic tendencies on
pro-environmental behavior may decrease or disappear with
increased contact with nature, leading to an increase in
nature connectedness. Therefore, the covariant relationship
between materialistic values, nature connectedness, and pro-
environmental behavior was further verified.

GENERAL DISCUSSION

We designed three studies to investigate the influence of
materialism on pro-environmental behavior and the underlying
psychological mechanisms. Studies supported our prediction

that individuals with higher materialism tendencies would
have a lower level of pro-environmental behavior, and that
nature connectedness would play an intermediary role in
this relationship. Moreover, study 3 also demonstrated natural
contact paradigm can effectively enhance the sense of nature
connection and the level of pro-environmental behavior among
those with high materialism.

Relationship Between Materialism and
Pro-environmental Behavior
Study 1 and 2 both showed that materialistic values negatively
predicted pro-environment behavior. Compared with
participants withe low levels of materialistic values, those
with high levels of materialistic values reported fewer pro-
environmental behaviors. These results were consistent with
previous studies. For example, researches in different areas have
shown that college students with high materialism are less likely
to consider environmental protection to be a goal for their future
behavior (Hirsh and Dolderman, 2007; Hultman et al., 2015; Lu
et al., 2016). China has developed a largely materialistic culture,
marked by the pursuit of pretention, identity, and status. Thus,
there is a need to examine the relationship between individual
materialistic tendencies and pro-environmental behavior in the
context of the local culture in China.

Psychological Mechanisms of How
Materialism Influences Pro-environmental
Behavior
In a previous study by Soga and Gaston (2016), the results
showed that the individual’s development in industrial social
environments was highly separated from nature, and the loss
of direct or indirect nature experience may reduce individuals’
positive emotions toward nature and willingness to protect
it. Recently, Whitburn et al. (2020) found that indicators
related to nature connectedness were significantly positively
correlated with pro-environmental attitudes and behavior.
These studies confirm the important role of connection to
nature in environmental sustainability (Zelenski and Nisbet,
2014). Consistent with these previous studies, our findings
showed that the negative effect of high materialism on pro-
environmental behavior may be due to the suppression of nature
bonding emotions.

It is not sufficient to only demonstrate the mediating role
of nature connectedness, because we could merely speculate
that high materialists exhibit lower pro-environmental behavior
due to the inhibition of their nature connectedness. To address
this issue, we directly verified the mitigating effect in Study
3. Individual contact with nature is regarded as a key factor
in cultivating a good relationship with nature (Chawla, 2006).
Although there is a difference between actual and virtual
experiences of nature, studies have often shown that nature
simulation can replace actual nature (Kellert, 2002; Beery
and Wolf-Watz, 2014). The frequency of viewing nature-
themed videos and books was found to be positively correlated
with children’s emotional attitudes toward local biodiversity,
promoting a stronger sense of connection between people and
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TABLE 4 | Comparison of pro-environmental behavior at different levels of nature exposure.

Group n Money donated to environmental organization Time donated to environmental organization

M SD t p M SD t p

Nature exposure group 55 7.27 2.30 5.91 0.000 6.36 2.72 3.47 0.001

Control group 54 4.78 2.12 4.69 2.30

nature (Soga et al., 2016). Our research also confirmed this
result. In addition, we found that improving one’s connection
to nature was a successful pathway to mitigating the negative
effects of high levels of materialism. Our results are consistent
with Weinstein et al. (2009), individuals of high materialistic
values with higher levels of affiliation with nature report greater
engagement in ecological behavior, and willingness to display
pro-environmental behavior.

The present study contributes to the literature in several ways.
First, it extends our understanding of the relationship between
materialistic values and pro-environmental behavior. Previous
studies (Wierzbicki and Zawadzka, 2016) have focused only
slightly on the relevant psychological mechanisms, which was not
conducive to explaining the underlying causes of materialism’s
influence on pro-environmental behavior. Therefore, our
research provided the initial evidence on the intermediary role
of nature connectedness in the relationship between materialism
and pro-environmental behavior. Individuals with materialistic
goals, such as pursuing status and financial success, tend to be
more prone to conspicuous consumption and accumulation of
high-status commodities (Liao and Wang, 2009). This suggests
that, to an extent, an individual’s materialism-based dreams have
a greater negative impact on the environment. This new finding
not only helps construct new models for this relationship but
also contributes to developing new approaches to intervene in it.

The findings of our research also have significant practical
implications. Studies have shown that enhancing individuals’
sense of nature connectedness can affect the relationship between
materialism and environmentally friendly behavior, which could
play an important role in further improving environmentally
friendly activities. This is conducive to helping individuals find
a balance between the great enrichment of material wealth and
the sustainable development of the ecological environment, thus
reducing the social risks for the benefit of future generations.
Specifically, whether it is the government’s social governance or
enterprises’ product promotion, indirect or direct nature contact
in various forms can be increased, so as to promote a sense
of connection with nature to the greatest extent and thereby
increase environmentally friendly behavior.

LIMITATIONS AND FUTURE RESEARCH
DIRECTIONS

Limitations to this research need to be addressed by
future studies. First, this research only selected college
students as participants, which limits the generalizability
of our results. Moreover, the display of materialism across
different life stages is not completely consistent (Jaspers

and Pieters, 2016). Therefore, future research should test
our hypotheses with a broader range of participants of
all ages from the general population. Second, our studies
only examined the mediating role of nature connection.
However, the relationship between materialism and pro-
environmental behavior is complex and diverse (Kollmuss
and Agyeman, 2002). To clarify the action mechanism
between these constructs and identify the strongest
influences, other variables can be studied in depth in
the future to promote pro-environmental behavior and
improve environmental quality. Third, the present study
demonstrated that the sense of nature connectedness
enhanced environmental behavior in individuals with high
materialistic tendencies in a short time, but other long-
term effective means of weakening this relationship should
be explored.
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Optimistic Environmental Messaging 
Increases State Optimism and in vivo 
Pro-environmental Behavior
Megan MacKinnon , Adam C. Davis  and Steven Arnocky *

Human Evolution Laboratory, Department of Psychology, Nipissing University, North Bay, ON, Canada

Despite recent empirical interest, the links between optimism and pessimism with 
pro-environmental behavior (PEB) remain equivocal. This research is characterized by a 
reliance on cross-sectional data, a focus on trait-level at the neglect of state-level optimism–
pessimism, and assessments of retrospective self-reported ecological behavior that are 
subject to response bias. To attend to these gaps, 140 North American adults (Mage = 34; 
SD = 11.60; 44% female) were experimentally primed with bogus optimistic or pessimistic 
environmental news articles, and then asked to report their levels of state optimism–
pessimism, intentions to purchase green products, in vivo PEB (donating to WWF and 
providing contact information to join an environmental organization), and support for 
geoengineering technologies. Results confirmed that optimistic (versus pessimistic) 
environmental messaging enhanced the expression of state optimism, which then 
contributed to PEB and support for geoengineering. These results have important 
implications for the framing of environmental messaging intended to promote ecologically 
conscious behavior.

Keywords: pro-environmental behavior, pessimism, optimism, priming experiment, conservation behavior, in vivo 
environmental action

INTRODUCTION

Many people across the globe are concerned about the threat posed by climate change, which 
may evoke feelings of uncertainty, anxiety, and hopelessness (Landry et  al., 2018; Clayton, 
2020). Expressing concern and feeling hopeful about the future may motivate pro-environmental 
behavior (PEB) and engender trust that one’s actions can ameliorate pressing ecological dilemmas 
(Ojala, 2012, 2015). Conversely, hope may be underpinned by “wishful thinking” and denialism, 
leading to complacency and inaction (Ojala, 2012). Furthermore, negative emotionality (e.g., 
fear) may be  important in being able to identify climate change as a threat and encourage 
conservation behavior (Kleres and Wettergren, 2017). Indeed, being able to acknowledge 
environmental dissolution and wanting to avoid negative future outcomes might motivate 
compensatory PEB (i.e., the constructive pessimism hypothesis; Kaida and Kaida, 2016a). 
Nonetheless, like the emotion of hope, heightened optimism (i.e., expressing positive future 
expectancies) may inspire people to take charge and engage in conservation behavior (Kaida 
and Kaida, 2017, 2019; McAfee et  al., 2019). Accordingly, ambiguity remains surrounding the 
relative roles of optimism and pessimism in predicting PEB. This literature is further limited 
by a reliance on cross-sectional data and retrospective indices of environmental behavior.  
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This precludes an assessment of the causal relations among 
variables and leaves unanswered the question of whether 
optimism is truly complicit in promoting conservation behavior. 
The objective of the current research was to address these 
gaps by (1) using an experimental approach by exposing 
participants to either optimistic or pessimistic environmental 
messaging, (2) examining the effects of such exposure on state 
optimism, and (3) examining the mediating role of state 
optimism induction on in vivo group differences in environmental 
attitudes and behavior. Based on recent literature reviews 
(McAfee et  al., 2019), we  anticipated that optimistic (but not 
pessimistic) messaging would predict a suite of in vivo 
pro-environmental attitudes and behaviors, and that induced 
state optimism would mediate these links.

Optimism, Pessimism, and Environmental 
Action
Since the late 1960s, the proportion of negative environmental 
news articles in the media has increased, while the amount 
of positive environmental news has decreased (McAfee et  al., 
2019). It is important to discuss and draw attention to evidence 
of growing environmental degradation, but media coverage of 
the environment has an evident negativity bias: coverage of 
environmental threats and the failure of conservation efforts 
receives significant attention, whereas ecological recovery and 
successful conservation is largely ignored (Ader, 1995; Hart 
and Feldman, 2014; McAfee et al., 2019). Despite the prevalence 
of environmental messaging in the media, there is limited 
empirical work on the topic of how pessimistic and optimistic 
environmental messaging may influence viewers’ attitudes, values, 
and behavior toward the environment (Morris et  al., 2020). 
There is also a shortage of research considering individual 
differences in optimism and pessimism in relation to PEB 
(Kaida and Kaida, 2019). Most of the previous research on 
the topic inside and outside of environmental psychology 
involves examining the links between related constructs, such 
as subjective wellbeing, in relation to PEB.

In a recent meta-analysis of 78 published studies, Zawadzki 
et al. (2020) found a small positive correlation between different 
kinds of PEB and various indicators of subjective wellbeing. 
In the 10% (n = 7) of studies that involved an experimental 
design, evidence suggested that positive affective states could 
be  both an antecedent, as well as an outcome, of PEB (van 
der Linden, 2018). It was also uncertain whether expectations 
of future wellbeing and satisfaction could similarly promote, 
or be  promoted by, PEB. In their work, Kaida and Kaida 
(2016a,b) found that PEB positively predicted current subjective 
wellbeing, but that future subjective wellbeing negatively predicted 
PEB. These authors reasoned that negative future expectancies 
might stimulate action to attenuate anxiety (so-called 
“constructive pessimism”), which explains why those with lower 
future subjective wellbeing might engage in more self-reported 
PEB. In contrast, Kaida and Kaida (2017) found that trait 
pessimism (related to lower future subjective wellbeing) shared 
a small negative relation with switching off the lights when 
not in use, whereas optimism was unrelated to this behavior. 

In a follow-up study, different kinds of PEB (e.g., reusing bags 
for grocery shopping) shared small positive relations with 
optimism and were either unrelated or weakly negatively related 
to pessimism (Kaida and Kaida, 2017). In a recent longitudinal 
study, Kaida and Kaida (2019) found that optimism both 
positively predicted and was predicted by PEB, but that the 
former pathway (optimism ➔ PEB) was stronger than the 
latter (PEB ➔ optimism). Within time, pessimism was weakly 
related to PEB in a negative direction. In contrast, Morris 
et  al. (2020) found that experimentally priming pessimistic 
messaging about climate change increased risk perception and 
enhanced outcome efficacy—measured with the item “I believe 
my actions have an influence on climate change”—which was 
mediated by heightened emotional arousal. However, neither 
retrospective nor actual PEB were assessed in this study.

There is also indirect evidence supporting links between 
optimism-related constructs and PEB. For instance, those higher 
in place attachment may be  happier and more optimistic (e.g., 
Brehm et  al., 2004). Individuals high in ecological place 
attachment (e.g., to a national park) experience greater subjective 
wellbeing and are more likely to engage in PEB to protect 
that ecological resource (Ramkissoon et al., 2018). This research 
also indicates that intentions to engage in conservation behavior 
may be  driven by certain factors encompassed within place 
attachment, such as place affect (e.g., feeling emotionally 
connected to a national park; Ramkissoon et  al., 2013; 
Ramkissoon and Mavondo, 2014). This sense of place attachment 
may also be  cultivated in one’s household during periods of 
place confinement, such as the during the COVID-19 pandemic, 
through engaging in household PEB (e.g., conserving water 
when washing one’s hands) which could heighten people’s sense 
of happiness and wellbeing (Ramkissoon, 2020).

Most previous research on indicators of subjective wellbeing 
and optimism–pessimism in relation to PEB has (1) been cross-
sectional or correlational across a few longitudinal timepoints, 
precluding an understanding of the causal links between variables, 
(2) is characterized by mixed findings (e.g., Kaida and Kaida, 
2016a,b, 2017, 2019), and (3) has relied on self-reported measures 
of retrospective conservation behavior that are subject to response 
bias (see Dupuis and Arnocky, 2012). To ascertain “true” causal 
associations and actual engagement in PEB, an experimental 
approach is needed with in vivo assessments of behavioral 
engagement. Previous research has explored in vivo measures 
of environmental donating and joining an environmental 
organization as behavioral indices of pro-environmental action, 
finding that learned helplessness predicted lower likelihood of 
engaging in these actions (Landry et  al. 2018). Given that 
optimism is often considered in opposition to helplessness 
(Seligman, 2000), we  anticipate that these variables will 
be  positively associated with induced optimism. Similarly, green 
purchasing has previously been associated with optimism, but 
not pessimism (Sadiq et  al., 2020). Geoengineering represents 
a collection of technologies intended to abate climate change 
that people appear to express support of and optimism toward 
(Rehman et  al., 2021). In previous work, Landry et  al. (2018) 
found a positive relation between support for geoengineering 
and environmental concern. Nonetheless, technologies designed 
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to mitigate climate change may discourage people from engaging 
in everyday “green” behavior (Murtagh et  al., 2015; Mittiga, 
2019). It is currently unclear how attitudes toward geoengineering 
may be  influenced by optimistic and pessimistic environmental 
messaging, state optimism–pessimism, and whether these attitudes 
may subsequently predict in vivo PEB. Given ambiguity 
surrounding how geoengineering support relates with other 
measures of pro-environmental attitudes and behavior (Arnocky 
et  al., 2020), and whether optimism around the effectiveness 
of these technologies or pessimism about any other less risky 
solutions being viable (i.e., a “last resort hypothesis”) would 
drive support for geoengineering, we included it in an exploratory 
manner along with other measures of individual pro-environmental  
actions.

There has also been a preoccupation with trait-level (i.e., 
enduring) at the relative neglect of state-level (i.e., temporary) 
optimism–pessimism; the latter of which may be  particularly 
important when considering the influence of environmental 
messaging about climate change (see Morris et  al., 2020).

There is also ambiguity revolving around whether trust, 
hope, and optimism toward science and technology to solve 
environmental dilemmas detracts from (Dunlap et  al., 2000), 
or encourages pro-environmental attitudes and action (Ojala, 
2012, 2015).

PRESENT STUDY

Although challenging to advance a directional hypothesis, 
previous research suggests that optimistic environmental 
messaging likely increases state-level optimism, which may then 
encourage PEB (McAfee et  al., 2019). The goal of the present 
research was to experimentally examine the effects of exposure 
to optimistic versus pessimistic environmental messaging upon 
state optimism and a diverse set of in vivo pro-environmental 
attitudes and behaviors, including green purchasing intentions, 
donating study earnings to an environmental organization, 
joining an environmental activism group, and support for 
geoengineering technologies. Specifically, we  hypothesized:

H1: Exposure to optimistic (versus pessimistic) 
environmental messaging will predict greater state  
optimism.

H2: State optimism will predict each of the four 
pro-environmental outcome measures and will mediate 
links between condition and these outcomes.

MATERIALS AND METHODS

Participants and Procedure
We aimed to expose participants to optimistic or pessimistic 
passages modified from real digital print media sources, and 
subsequently assess state optimism followed by measures of 

pro-environmental attitudes and behavior. Sample size was 
determined for the path analysis model based upon previous 
simulation studies which indicate that simple structural 
equation models, which path analysis falls under the umbrella 
of, with reliable measures, good fit indices, and limited 
missing data will converge with sample sizes around 100 
(Iacobucci, 2010). For data that are approximately normally 
distributed with a small number of variables, a participant 
to parameter ratio of 5:1 is adequate (Bentler and Chou, 
1987). With 19 parameters in the current study, a sample 
size of N = 95 would be sufficient. Previous work also indicates 
that to maintain adequate power (≥0.80) to detect a medium 
correlational effect (r = 0.30) via path analysis requires a 
sample size of N ~ 80 (Miles, 2003). Accordingly, 152 North 
American participants were recruited via Amazon’s Mechanical 
Turk (MTurk) and completed all tasks on Qualtrics. Participants 
with duplicate IP addresses, who failed to complete the 
experiment, failed the attention checks (“If you  are paying 
attention to this survey, please select ‘disagree’”; “What do 
you  think this article was about?”), or did not provide a 
unique survey code were removed from the analytic sample. 
The final sample size was 140 (Mage = 34, SD = 11.60, 
range = 19–69; 44% female). Participants were primarily 
Caucasian (87%), Black (10%), Latin American (2%), and 
South Asian (1%). Participants were renumerated $1.00 
USD. This research received approval by the Nipissing 
University Research Ethics Board (protocol #102658).

Measures
Experimental Priming Tasks
Participants were randomly assigned to one of two conditions: 
environmental optimism or environmental pessimism using 
bogus magazine articles adapted from real news (see 
Supplemental Material file for articles). In the optimism 
condition, the article explained reasons to be  optimistic for 
the future of the environment (e.g., conservation efforts are 
saving many endangered species). In the pessimism condition, 
the article pertained to the inevitability of environmental 
degradation (e.g., at this point, our window for action has 
closed; there is nothing we  can do to stop it). Participants 
were required to briefly explain the contents of the article 
that they had read as an attention check.

State Optimism
The 7-item State Optimism Measure (SOM; Millstein et  al., 
2019) was used to assess state optimism (e.g., “The future is 
looking bright for me”). Items were measured with a 5-point 
Likert-type scale ranging from 1 (Strongly disagree) to 5 (Strongly 
agree) and averaged to create a mean scale score with higher 
scores reflecting greater state optimism (α = 0.93).

Intended Green Purchasing
Intended green purchasing behavior was measured using the 
Green Purchasing Behavior Scale (Lee, 2009), which was modified 
slightly to address intended green purchasing behavior (e.g., 
“I intend to buy organic products”; α = 90). Participants responded 
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to seven items using a 5-point Likert-type scale ranging from 
1 (Strongly disagree) to 5 (Strongly agree).

In vivo Pro-environmental Behavior
Participants were given the option to keep their earnings 
from the survey or donate to the World Wildlife Fund 
(WWF), a prevalent environmental organization (coded: 
0 = keep money, 1 = donate money). They were then asked 
if they wanted to join a bogus environmental group by 
providing their email (coded: 0 = no email, 1 = email provided). 
Donators comprised 11% (n = 17), and email joiners comprised 
43% (n = 65) of the total sample. See Supplemental Material 
for wording of questions.

Geoengineering
Following Pidgeon et  al. (2012), participants were asked to 
report their support of geoengineering defined as “The use of 
large-scale engineering projects designed specifically to comebat 
global climate change.” Participants used a 5-point Likert-type 
scale to record their responses, ranging from 1 (Strongly oppose) 
to 5 (Strongly support).

Analytic Approach
Path analysis via AMOS (version 27) was used to explore 
whether priming environmentally related optimism (versus 
pessimism) would increase state optimism (Hypothesis 1), 
which in turn would predict an increase in green purchasing 
intent, willingness to donate earnings from the study to an 

environmental group, and willingness to join an environmental 
activism group, as well as support for geoengineering 
(Hypothesis 2), while controlling for sex (male/female) and 
age (Figure  1). Path analysis allowed us to simultaneously 
test predictions for each dependent variable while controlling 
for their shared variance. Model fit was assessed using the 
chi-square test of significance (χ2), comparative fit index (CFI), 
normed fit index (NFI), and the root mean square error of 
approximation (RMSEA; Kline, 2016). CFI and NFI values 
>0.90, RMSEA values <0.08, and a non-significant χ2 indicate 
adequate model fit (Hooper et al., 2008). Indirect (mediation) 
effects were examined using 2000 bootstrap samples and bias-
corrected 95% confidence intervals. Missing data were estimated 
using the AMOS regression imputation (Collier, 2020).

RESULTS

We first examined covariates and intercorrelations among 
dependent variables. Green purchasing correlated with joining 
the environmental group, r = 0.18, SE = 0.03, p = 0.03, and was 
modestly correlated with donating to the WWF, r = 0.15, SE = 0.02, 
p = 0.08. However, donating and joining the environmental 
group were unrelated to one another, r = −0.05, SE = 0.01, p = 0.56. 
Geoengineering support correlated positively with donating, 
r = 0.30, SE = 0.03, p < 0.001, and with green purchasing intent, 
r = 0.49, SE = 0.04, p < 0.001, but not with joining the 
environmental group, r = 0.07, SE = 0.02, p = 0.40. Sex was modestly 
related to green purchasing, b = 0.20, β = 0.13, SE = 0.13, p = 0.10, 

FIGURE 1 | Results of an observed variable path model analysis for examining the indirect effect of induced optimism on pro-environmental behavior, green 
purchasing intent, and support for geoengineering. Note that links between demographic control variables sex and age and the dependent variables are not 
depicted. † = p < 0.10, * = p < 0.05, ** = p < 0.01, and *** = p < 0.001.
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and joining the environmental group, b = 0.14, β = 0.14, SE = 0.08, 
p = 0.08, such that women were more likely than men to endorse 
both. However, sex was unrelated to donating, b = 0.01, β = 0.01, 
SE = 0.05, p = 0.93, and geoengineering support, b = −0.07, 
β = −0.05, SE = 0.10, p = 0.52. Younger participants were more 
likely to join the environmental group, b = −0.01, β = 0.26, 
SE = 0.03, p = 0.001, and to support geoengineering, b = −0.01, 
β = −0.15, SE = 0.004, p = 0.05, but not to donate, b = −0.03, 
β = 0.12, SE = 0.02, p = 0.14, or intend to purchase green products, 
b = 0.01, β = 0.07, SE = 0.01, p = 0.39.

Next, we  examined whether the priming manipulation had 
the desired effects on state optimism. Results showed that 
reading the optimistic climate article (versus the pessimistic 
article) positively predicted subsequent state optimism, b = 0.42, 
β = 0.24, SE = 0.14, p = 0.004. In turn, state optimism positively 
predicted green purchasing intent, b = 0.27, β = 0.30, SE = 07, 
p < 0.0001, donating one’s earnings from the study to the WWF, 
b = 0.06, β = 0.16, SE = 0.03, p = 0.05, support for geoengineering, 
b = 0.24, β = 0.32, SE = 0.06 p < 0.001, and modestly predicted 
joining the environmental activism group, b = 0.08, β = 0.14, 
SE = 0.08, p = 0.09. Examination of the indirect effects showed 
that induced state optimism significantly mediated the links 
between the priming task and green purchasing intent, b = 0.11, 
β = 0.07, SE = 0.05, p = 0.004, LLCI = 0.03 ULCI = 0.25, donating, 
b = 0.02, β = 0.04, SE = 0.01, p = 0.008, LLCI = 0.01 ULCI = 0.06, 
geoengineering, b = 0.10, β = 0.08, SE = 0.05, p = 0.004, LLCI = 0.03 
ULCI = 0.20, and joining the environmental group, b = 0.03, 
β = 0.03, SE = 0.02, p = 0.042, LLCI = 0.008 ULCI = 0.25. The model 
fit the data well, χ2 = 4.71 (df = 9, p = 0.52), RMSEA = 0.00 (95% 
CI = 0.00–0.05), CFI = 1.00, NFI = 0.96.

DISCUSSION

Optimism can imbue people with hope, self-efficacy, and the 
capacity to persist and achieve goals when faced with challenges 
and uncertainty (Carver et  al., 2010). Optimists are also 
approach-oriented and possess a greater capacity to tackle 
stressful life events (Nes and Segerstrom, 2006). Given that 
environmental dilemmas are complex and difficult to predict 
(discussed in Davis and Stroink, 2016), and sometimes evoke 
feelings of anxiety and stress (Clayton, 2020), optimism might 
encourage taking action to benefit the environment. Optimism 
is also entwined with positive emotionality and life satisfaction 
(i.e., subjective wellbeing), which seems to promote, and be  a 
consequence of, engaging in pro-environmental behavior (PEB; 
see Zawadzki et  al., 2020 for meta-analysis). Nonetheless, 
evidence has been mixed regarding whether trait optimism or 
closely related constructs, such as hope and future subjective 
wellbeing, are reliably associated with greater PEB (Ojala, 2012, 
2015; Kaida and Kaida, 2016a,b, 2017). Similar mixed findings 
have been reported for the relations among support for 
geoengineering technologies, optimism, and engagement in 
conservation behavior (Murtagh et  al., 2015; Rehman et  al., 
2021). Most of the research on the associations between subjective 
wellbeing, optimism–pessimism, and PEB has been cross-
sectional, precluding an examination of “true” causal mechanisms. 

This is particularly important given some evidence that, like 
subjective wellbeing, optimism might be  an antecedent and/
or an outcome of PEB (Kaida and Kaida, 2019). Moreover, 
trait-level as opposed to state-level optimism–pessimism has 
received more attention in the literature, and more research 
involving an assessment of optimism–pessimism specifically 
toward environmental dilemmas is needed (Morris et al., 2020).

To attend to these gaps, we  tested whether priming 
environmentally related optimism (versus pessimism) would increase 
state optimism (Hypothesis 1) to consequently predict intentions 
to purchase “green” products, as well as willingness to donate to 
the World Wildlife Fund (WWF) and join an environmental 
organization (Hypothesis 2). Controlling for participant sex and 
age, in line with some previous research (e.g., Kaida and Kaida, 
2017, 2019), we  found support for the idea that priming people 
to feel hopeful about the future of the environment heightened 
their optimism, which promoted intentions to make green purchases 
and donate to the WWF. This is in contrast to findings by Morris 
et al. (2020), where pessimistic affective messaging revolving around 
beekeeping and climate change increased risk perceptions and 
greater outcome efficacy (believing that one had the power to 
influence climate change). However, neither retrospective nor actual 
PEB were examined in their study.

Some have posited a reliance on science and technology to 
solve environmental ills is problematic and may breed complacency 
and inaction regarding conservation behavior (Dunlap et al., 2000; 
Murtagh et  al., 2015; Mittiga, 2019). Nonetheless, support for 
geoengineering technologies to abate climate change has been 
linked with expressing concern for the environment (Landry et al., 
2018), and people seem to express optimism toward to efficacy 
of geoengineering interventions to mitigate environmental dilemmas 
(Rehman et  al., 2021). We  found that optimistic environmental 
messaging promoted support for geoengineering via heightened 
state optimism (Hypothesis 2).

Limitations
The current study has several noteworthy strengths, such as the 
use of an experimental design with in vivo assessments of PEB 
(e.g., donation behavior). Nonetheless, there are important 
limitations to consider. The in vivo measures of donating behavior 
and committing to join a naturalist organization were uncorrelated 
with one another, which may signal issues with convergent 
validity. MTurk workers could also be  much less inclined to 
donate their study earnings in comparison to other community-
level populations and undergraduate students, and perhaps this 
is a problematic means of assessing in vivo PEB in this population. 
Furthermore, evidence suggests that optimism may be  both an 
antecedent and an outcome of PEB (Kaida and Kaida, 2019); 
however, we  were unable to assess the latter causal pathway 
(i.e., PEB ➔ state optimism). Therefore, in future experimental 
work, it would be  fruitful for researchers to examine whether 
in vivo PEB can also enhance state optimism. Moreover, we decided 
to focus on state optimism–pessimism to address important 
causal issues lacking in extant research, yet it may be  prudent 
to control for trait-level dispositions to ascertain the unique 
contributions of state-level influences more confidently (see 
Kluemper et  al., 2009). Future researchers might consider the 
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potential moderating role of environmental concern to the 
relationship between optimism induction and PEB. Rafiq et  al. 
(2022) recently found that environmental concern moderated 
the relationship between dispositional optimism and eco-friendly 
tourist behavior, such that those high in concern and high in 
optimism were most eco-friendly in their tourism actions. Perhaps 
trait environmental concern would similarly interact with induced 
state optimism in predicting a wider range of pro-environmental 
actions. It is also possible that optimism priming could induce 
group differences in environmental concern, which might then 
mediate links between optimism priming and PEB. Finally, our 
experimental design relied on examining between-group 
differences. It would also be  interesting to expose participants 
to both optimistic and pessimistic messaging using a within-
subject design to better target intra-individual changes in the 
effects of optimism and pessimism on environmentalism.

CONCLUSION

Gathering insight into the downstream influences of optimistic 
and pessimistic environmental messaging on actual green 
behavior and support for techno-centric solutions to 
environmental dilemmas, such as geoengineering, is paramount 
(Morris et  al., 2020). Our findings suggest that optimistic 
environmental messaging heightens one’s sense of optimism 
temporarily, which then promotes behaving in an ecologically 
conscious way, as well as being aware and supportive of climate 
abating technologies. These results coincide with some research 

(e.g., Kaida and Kaida, 2017), but contrast others (e.g., Morris 
et al., 2020). The current study attends to several shortcomings 
of previous work in that it was an experiment where both 
state optimism and in vivo PEB were assessed to provide a 
more valid test of causality. Our findings indicate that optimistic 
messaging enhanced state optimism and behaving in ways that 
will benefit the environment. However, our findings also highlight 
a problem raised by others, in that optimistic environmental 
messaging has been declining since the early 1970s (McAfee 
et  al., 2019). Together, these findings highlight a troubling 
contradiction: Although climate change is a progressively 
worsening global issue that must be  covered diligently and 
accurately in the popular press, it is simultaneously important 
to increase focus and coverage on positive steps being taken 
toward bettering our climate. Indeed, others have highlighted 
the fact that some meaningful advancements in habitat and 
species conservation and rehabilitation, reducing commercial 
fishing impacts, and the scope of legislative environmental 

protection have been made (McAfee et  al., 2019) alongside a 
global greening phenomenon (Piao et al., 2020), and yet receive 
little relative media attention (Ridley, 2020). Ultimately, our 
findings suggest that this could negatively impact individuals’ 
environmental engagement.
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The study uses a transformative worldview to give voice to an economically marginalized 
group of tenant farmers vulnerable to climate changes due to their calamity prone geographical 
location. Drawing on anthropogenic global warming (AGW) theory lens, we examine the 
impact of manmade actions on climate change in District “Swat” and “Malakand” of Khyber 
Pakhtunkhwa (KPK) province, Pakistan using a sequential mixed methods research design. 
Through this research design, the results of quantitative survey were complemented with a 
qualitative analysis of in-depth interviews. In first phase, we conducted a survey of 200 tenant 
farmers, followed by second wave of data collection involving 12 open-ended in-depth 
interviews (IDIs). The both qualitative and quantitative results suggest that farmers in both 
districts are affected by climate change although their crop yield had progressively increased 
signaling better coping and survival skills than other parts of country. Majority of respondents 
believed that climate change is something beyond their control in disagreement with AGW 
theory. Major economic losses were specifically, due to sudden alterations in weather patterns, 
such as floods, and hailstorms that reduce productivity as well as results in food waste with 
no avenues available to reclaim the energy laden in organic food waste. Besides, a productivity 
loss was attributed to outdated farming, lack of awareness regarding sharecropping and 
crop loan insurance practices. The study concludes that farmers are most vulnerable to 
climate change in socioeconomic terms as such changes impact their income sources; This 
inwardly compels cash strapped tenant farmers to delve in practice of informal credit with 
substantive risks attached which further deteriorates their livelihoods. The study offers 
understanding of how low-literate and economically marginalized indigenous tenant farmers 
cope to climate change and offers policy recommendations to advocate for the rights to 
earn sustainable livelihoods in the face of grand climate challenge.

Keywords: anthropogenic global warming, climate change, economic risks, tenant farmers, sustainable 
development
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INTRODUCTION

The developing countries are most vulnerable to climate change 
due to huge exposure and lack of awareness regarding impending 
threats (Ali et  al., 2017; Rauf et  al., 2018). Zhao et  al. (2017) 
proclaims that global food security is disturbed due to altering 
rainfall spells and sudden rise in temperature in form of heat 
waves. Similarly, a study by Clapp (2017) asserts that food production 
at local level leads to food security indigenously. As a counter 
measure strategy to climate change, businesses now embrace the 
concept of Triple bottom line (TBL), which does not solely focus 
on profit dimension of performance. The TBL argues for a balanced 
approach to sustainable development by emphasizing social, 
economic, and environmental dimension of anthropogenic activities 
(Sun and Ertz, 2021). From a sustainable world perspective, some 
serious consideration is required to offset the effects of the grand 
challenge of climate change, which has the potential to act as 
an obstacle in attainment of sustainability (Sörqvist, 2016).

Due to direct interface of environmental conservation and 
agriculture, special attention is required to comply with 
quantifiable actions, policies, and programs as envisioned in 
sustainable development goals SDGs. On one hand, agriculture 
is a primal source of livelihoods of people in agri-based 
economies like Pakistan. On the other hand, this sector is 
most vulnerable to food insecurity threats due to climate 
changes (Dhimal et  al., 2021). In Pakistan, a major stratum 
of the population, almost 42% is occupationally, related to 
agriculture that belongs mostly to rural localities (Shah et  al., 
2021). Pakistan is included in the list of top ten most vulnerable 
countries to climate change and was ranked among the three 
worst affected countries worldwide due to climate change (Kreft 
et  al., 2013; Yousafzai et  al., 2020). The reasons for such 
vulnerability are mainly attributed to arid and semi-arid climatic 
conditions and geographical dimensions. In comparison with 
humid regions, the impact of rise in temperature is more 
visible in arid and semi-arid regions (Huang et  al., 2016). A 
rise in precipitation pattern has been witnessed ever since, 
the inception of new millennium, with an average value of 
rain recorded at 40% in South East, 20% in North, and 10% 
in central parts of Pakistan (Gitay et  al., 2002). Since, the 
start of this century, Pakistan has confronted recurrent natural 
disasters. A destructive flood in 2012 adversely affected more 
than three million people including District Swat and Malakand 
in Khyber Pakhtunkhwa (KPK) province in Pakistan. As a 
result, thousands of hectares of agricultural land and more 
than four hundred lives were lost (Blunden and Arndt, 2012). 
Hence, in the backdrop of universal agreement on value of 
human life (Parncutt, 2019) the world needs studies on 
marginalized communities to mitigate their suffering by raising 
the voices of economically oppressed and environmentally 
threatened people. With this study, we  aim to assess the 
socioeconomic risks of climate change on tenant farmers in 
Khyber Pakhtunkhwa and to assess their awareness levels to 
climate change from AGW theory lens.

It is common in academic discourse, that climate change 
affects farmer’s productivity on various dimensions, which 
inwardly cascades socioeconomic challenges as it affects their 

income. More specifically, such climatic variability affect the 
economically marginalized farmers more due to their limited 
skills sets and lack of adaptive capacities (Ofoegbu et al., 2017). 
The economic vulnerabilities of farmers in district Malakand 
and district Swat are important to study because such tenant 
farming practices differ from those of landholder farmers. Their 
informal contract arrangements are agreed prior to harvest 
seasons, which keeps farmers at a disadvantage in the absence 
of crop insurance schemes. Consequently, the tenant farmers 
are more vulnerable to climate changes due to the absence of 
credit support from Government and any other forms of 
support, such as crop insurance schemes Kabeer et  al. (2010). 
Their socioeconomic conditions hinge upon a variety of factors 
beyond their locus of control that includes precipitation patterns, 
temperature, floods, and dry spells (Fahad et  al., 2020). These 
climatic changes have become more challenging for the tenant 
farmers in both districts due to low awareness levels of tenants, 
which warrant the investigation of studies, such as this one 
to support the downtrodden tenant farmers in improving their 
climate resilience as significance of study. This will also help 
mitigate the socioeconomic shocks experienced by tenant farmers 
in target area including some districts of Malakand prone to 
tenant-landlord conflicts by informing policymakers to tailor 
effective programs interventions.

Assessing the socioeconomic impact of climate risks is 
important globally, due to its transboundary effects, which a 
challenge is for future generation of scientists. Parncutt (2019) 
contends that globally, climate change has become a serious 
threat to activities in the many sectors. Some of the neighboring 
countries in Asia, such as China, Nepal, and India, have 
successfully enhanced technical capabilities to counter climate 
change and thus reduced the negative effects of such changes 
on agricultural operations (Shabbir et  al., 2019). These 
improvements are not without externalities due on bordering 
countries due to the transboundary movement emanating from 
burning of post-harvest residue in Indian to Lahore city of 
Pakistan. The situation was so alarming in certain areas of 
Lahore district due to smog that a lockdown was imposed as 
part of climate emergency response [Correspondent, 2021 (TNI, 
2021 the news international)]. In this context, the government 
of Pakistan is also focusing on climate change and has made 
a Climate change (CC) policy to adhere the ideals of climate 
justice. Manifestations emanating from such a policy are evident 
from initiation of a “Billion Tree Tsunami Afforestation Project” 
which will also help improve local community needs in a 
sustainable manner (Kamal et  al., 2019; Ullah et  al., 2022). 
The Climate change policy of Pakistan aims to address a whole 
set of possible changes of adaptation and mitigation by serving 
as a focal document for related plans, projects, and programs 
for effective implementation. Unfortunately, Pakistan is one of 
the countries, which are strapped, in terms technical and 
financial support to deal with climate change. According to 
Global Climate risk index (2020), Pakistan is constantly ranked 
among top most vulnerable countries to catastrophes and 
adverse effects of climate change (Eckstein et al., 2019). Moreover, 
Khyber Pakhtunkhwa (KPK) province in Pakistan has suffered 
widely due to recurrent natural calamities, such as massive 
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floods of 2010 and 2011, which swept away fertile soil and 
farmlands of locals (Ullah et al., 2019). It is clear that geographical 
location contributes to prevalence of such recurrent occurrence 
of catastrophes, such as heat waves, sudden rise in temperatures, 
and drastic changes in weather patterns in Pakistan (Yousafzai 
et al., 2020). In the backdrop of preceding decisions, it becomes 
imperative to search for better solutions to instill climate 
resilience and adaptation in local communities through improving 
the socioeconomic conditions of land less or land strapped 
tenant farmers. Hence, it is utmost necessary to adopt such 
countermeasure strategies to cope with this grand challenge 
and achieve SDGs oriented targets in true letter and spirit 
(Ahmed et  al., 2020).

This study is conducted in district Malakand and District 
Swat, located in the north west of KPK province. Swat valley 
and adjoining Malakand districts are blessed with vast 
mountainous area with rivers flowing downstream lowlands 
of Khyber Pakhtunkhwa. This also makes both the districts 
prone to climate changes induced by floods (Saqib et al., 2018). 
Farming is one of the leading occupations for majority of 
population besides their own business, such as small enterprises 
like commodity shops; vegetable trading, fuel wood trading, 
and other trades associated with agriculture, such as seeds 
and fertilizer are common in study areas. A considerable portion 
of subsistence farmers have small land holding with tenant 
status and average land per tenant is estimated to be  less than 
national averages. These people also lack access to formal 
sources of credit due to lack of collateral and livelihood assets 
(Saqib et al., 2018). Most common crops of the area are wheat, 
rice, sunflower, and maize. Different types of vegetable like 
potato, onion, tomato, okra and peas are also grown regularly. 
In fruits, peach, plum, apple, persimmon, and loquat are common.

Majority of the studies conducted on the impact of climate 
on farmer’s livelihoods had used either a quantitative or 
qualitative research designs. This study is unique in a sense 
that it amalgamates both qualitative and quantitative approaches 
in a mixed methods research design in a rural setting of 
Pakistan as well as considers exclusively tenant farmers in 
land strapped regions of Swat Valley and protected areas of 
Malakand district in KPK, Pakistan. The study is important 
from a policy perspective as it informs the changes that had 
taken place in past two decades and contributes to original 
information available for future researchers in the areas of 
District Swat and Malakand in KPK. The aim of this research 
is to identify the overall impact of climate change on 
socioeconomics condition of the tenant farmers in Malakand 
and Swat district of Khyber Pakhtunkhwa province (KPK), 
Pakistan. The main objectives of this research are to:

 a. To assess the awareness level of the tenant farmers regarding 
climate changes.

 b. To determine concurrent changes due to climate change 
observed by such farmers in their areas.

 c. To investigates the adoptive strategies to mitigate the effect 
of climate change.

 d. Construct a policy guideline for policymakers and related 
stakeholders for overall improvement (Figure  1).

MATERIALS AND METHODS

According to Creswell and Creswell (2017) mixed methods 
are useful to understand complex problems, especially when 
there are contradictions between positivist (quantitative) and 
constructivist (qualitative) findings. We used a sequential mixed 
methods research design to achieve a more synergistic data 
collection and analysis across two stages of data collection to 
give voice to marginalized group of tenant farmers affected 
by climate change (Wisdom and Creswell, 2013). The study 
was conducted in two districts of Swat and Malakand in Khyber 
Pakhtunkhwa (KPK) which, were prone to natural calamities 
as evident from recurrent pattern of floods, hailstorms, strong 
winds, and dry spells. KPK is a topographically a diverse 
province in Pakistan. It has a versatile weather and a unique 
topography. Its climate varies from the dry and hot rocky 
zones in south to the cool and lavish green forests in the 
north. It has twenty-five (25) districts in total (Babar et  al., 
2015). For the study, a representative sample of 200 tenant 
farmers was selected through use of multistage sampling 
technique in both districts Swat and Malakand during initial 
survey phase followed up by twelve in-depth interviews during 
inductive second phase. In the former phase, a comprehensively 
structured questionnaire was used to collect information from 
farmers and in later phase, an interview protocol was used 
to collect information from participants. General demographic 
characteristics and data regarding the socioeconomic status of 
the respondents as well as details about climate change from 
farmers’ perspective. Special focus was made to analyze the 
changes in the cropping pattern due to climatic change.

The research onion was used to situate the research by 
depicting various layers encompassing worldviews, strategy 
of inquiry, and data collection approaches and procedures 
(Saunders, 2011). This study used a sequential mixed method 
research choice with a transformative worldview to raise voice 
for the economically disadvantaged tenant farmers who are 
involved in farming where nature of contracts is informal 
and verbally agreed prior several months in advance to harvest 
season. The nature of data collected across both quantitative 
and qualitative stages of sequential mixed methods can 
be  termed longitudinal as it involves data collected over a 
span of two stages.

In the first phase, our research positionality was inclined 
toward a positivist worldview. In the second phase of inductive 
nature we used a social constructivist worldview with a qualitative 
analysis of 12 interviews from same set of respondents to 
offer a longitudinal stance of data collection although many 
other delimitations also favored collection of such information. 
In the first phase, we used Krejcie and Morgan methods table 
(Morgan, 1970) to determine adequacy of sample size. In the 
second phase, we  used a purposive sampling procedure for 
recruitments of participants of study and used data saturation 
concept when new insights ceases to emerge from further data 
collection as indication of interview adequacy with 12 in-depth 
interviews (Creswell and Creswell, 2017). In order to maintain 
trustworthiness of data collected through interviews, we  used 
member checks, peer debriefing, and follow-up interviews in 
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qualitative part of study. In both phases of data collection, 
the investigator assured the participants regarding the privacy 
of their information. In the second phase of qualitative data 
as per the ideals of ethics, we  used aliases to maintain privacy 
of participants (Iqbal et  al., 2018).

Pakistan’s province Khyber Pakhtunkhwa (KPK), formerly 
named North West Frontier Province (NWFP), is the area 
designated for this study as shown in Figure  2. Specifically, 
the two districts of District Swat and District Malakand as 
evident from Figure  2 used for this study. The KPK province 
has a versatile weather and a unique topography. Its climate 
varieties from the dry and hot rocky zones in south to the 
cool and lavish green forests in the north. It has twenty-five 
(25) districts in total in KPK (Babar et  al., 2015). Maximum 
temperature of the northern region is also showing an increasing 
trend in case of Kharif as well as rabi seasons. The Kharif 
cropping season trend line shows a 0.7°C increase, whereas 
Rabi crop is showing a 2.5°C increase in Rabi season over 
the past 30 years. The overall increase in maximum temperature 
can be  one of the factor causing increased rains, melting of 
snows, and glaciers that results in unalarmed floods in the 
lower part of KPK but the crop productivity trend in both 
the season is positive and favorable (Babar et  al., 2015). Mean 
temperature trend of the northern region is almost stationary 
for the Kharif crop, whereas it is showing a sharply increasing 
trend in case of Rabi cropping season. An increase of 1°C is 
observed in the Rabi mean temperature. The increase in 
temperature is having a favorable impact on vegetation growth 
that has been positively affecting Rabi crops.

RESULTS AND DISCUSSION

This section will focus to illustrate the views and finding of 
the respondents in both the phases of mixed methods research 

study. In the first part, we  discuss the results from survey 
followed by a qualitative analysis of in-depth interviews (IDIs). 
The context of the study is incorporated with relevant literature, 
which supports or opposes the finding of this study offering 
insights into how climate changes impacts socioeconomic 
conditions of tenant farmers in the study area. Farming is 
one of the prime occupations, which are generally affected by 
climate change (Rosenzweig et  al., 2014). It is obvious from 
Table  1 that majority of the respondents in first phase of data 
collection were uneducated comprising almost 60% of the 
participants. Another study was conducted by Ali et  al. (2017) 
which reveals 51% of the respondents as educated, while 49% 
were uneducated in their study in the northern areas of Malakand 
division comprising both Swat and Malakand Districts. A 
recurrent theme, which manifests during the thematic analysis 
of the data collected from IDIs, reflects that there is higher 
level of unemployment in Pakistan. Most people associated 
with farming are tenants who do not have their own land in 
study area. Hence, these economically marginalized people 
prefer farming or other informal apprenticeships instead of 
formal education. Moreover, their women also support farming 
activities in the confines of their four walls and their education 
level is even lower due to lack of financial support and access. 
However, as part of this study no women were interviewed 
due to cultural barriers of a conservative society.

Most of people think that climate change is involuntary 
natural process beyond their locus of control. Fatalism and 
Passive resignation to events are common in farming 
communities of Muslim faith oriented countries like Pakistan 
(Mahmood et al., 2020). Some of the respondents also believe 
that climate change occurs with anthropogenic activities. 
Table 1 part 2 indicates information in response to knowledge 
of climate change, which reveals that majority of the respondents 
possess knowledge about climate change but this knowledge 
is not conceptually clear due to weak educational backgrounds. 

FIGURE 1 | Conceptual framework of the study.
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The finding by Maponya et  al. (2013) suggested that about 
63.3% people have received information regarding climate in 
South  Africa. While, only 36.7% people did not receive any 
information in Mpumalanga Province, South  Africa. These 
facts are also supported by the work of Maryam et  al. (2014) 
who proclaim that in upper Swat region of Pakistan, people 
are well aware of their surroundings and have felt the changes 
in climate. They further argued that 94.8% of respondents 
observed changes in the climate and only a dismal 5.3% did 
not observed such changes. However, a recurrent theme, which 
manifests itself during qualitative thematic analysis reveals 
that majority of people are aware of the climate change but 
hitherto unable to comprehend the impact of such changes 
in totality. Due to their low-literacy levels, such people are 
skeptical of the Governmental narrative on climate change. 
They attribute the changes to a variety of factors beyond 
their control where human contribution is minimal in 
disagreement to anthropogenic global warming viewpoint.

The ensuing Table  1 part 3 express that majority of the 
respondents 91% observed a long-term shift in rise of the average 
temperatures in the study areas of District Malakand and Swat 
spanning more than 100 kilometers. In some regions, rising 
temperature would improve some crops, such as rice, for example, 
in Mediterranean areas, where cool weather usually leads low 
crop production (Nakagawa et al., 2003). But the negative effects 
associated with temperature increments heavily outweigh the 
positive ones (Shah et  al., 2011). The findings of Moretti et  al. 
(2010) indicate that extreme temperatures will impact fruit quality, 
such as fruit firmness, sugar, and antioxidant compounds. On 
similar lines, a recurrent pattern which emerges from qualitative 
thematic analysis of data collected from IDIs suggest that a rise 
in temperature-related events has been observed in both district 
Malakand and Swat which has adversely impacted the productivity 
of tenant farmers due to weather extremes. The spot rise in 
temperature is due to fact that combined area of both districts 
contains both upstream and downstream areas, which are far a 

FIGURE 2 | Study areas.
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part in terms of distance. Moreover, based on inputs from 
qualitative data, it is suggested that temperature rise has caused 
many people from other parts of country to migrate to upper 
areas of Swat and Malakand which had further reduced the land 
availability for farmers, which cascades negative vibes on their 
livelihoods due to limited land.

Information in Table  1 part 4 indicates that 91.5% of the 
respondents perceived warmer weather condition in their 
localities. Only a dismal 8.5% of the respondents, observed 
cooler weather condition in their areas mainly due to the vast 
distances between two districts as well as their upstream and 
downstream locations. Likewise, analysis of in-depth interviews 
(IDIs) reveals that the intensity of cold was high in 2020 and 
2021 during the Corona pandemic mainly due to restriction 
in human activities. This is presumably attributed to reduction 
in emission levels due to lockdowns observed in past 2 years. 
Moreover, the qualitative interviews suggest that mountains 
have received greater level of snow in both District Swat and 
Malakand during the pandemic years (2020–2021). The general 
observation also supports this fact as the mountains in past 

2 years had become greener due to excessive rain spells and 
snow received in the area. The analysis goes in agreement 
with notion of anthropogenic global warming, which entails 
that mainly human activities contribute to global warming 
and climate change (Fielding and Hornsey, 2016). However, 
there is a higher level of ambiguity relating to the fact that 
in the past cyclical rises and downturns were also experienced 
by the residents of the district Malakand and Swat.

There is a time in-variant relationship between precipitation 
and crop yield in the context of climate change (Feng et  al., 
2021). Among certain other consequences of climate change, 
precipitation pattern is crucial, which increases the probability 
of impacting farmers’ socioeconomic conditions. Erratic changes 
in precipitation pattern contribute to lower yields with a 
corresponding rise in temperatures or fall in temperatures 
(Bloomfield et  al., 2006; Lobell and Burke, 2008; Robinson and 
Katherine, 2010). Information in Table  1 part 5 indicates that 
95% of the respondents observed long-term shift in precipitation 
pattern in their localities. While, only 5% did not observe any 
changes in precipitation patterns mainly due to lower recall and 
recognition of such changes. Due to the shift in precipitation 
patterns as evident from Table 1, 91.5% of the respondents think 
that on aggregate weather condition is going drier. While, only 
5.5% of them consider that weather condition on aggregate is 
moving toward wetter conditions with the passage of time in 
the target areas of study. This inwardly, shows that generally 
there is little water available for irrigation especially in downstream 
areas. However, a recurrent pattern, which emerges from qualitative 
analysis of in-depth interviews, entails that in the past three years 
(2019–2021), recursive rise has been experienced in precipitation 
amounts in district Malakand and Swat. A recurrent pattern from 
qualitative thematic analysis of in-depth interviews suggests that 
higher precipitation helps improve local crops but the accompanying 
hailstorms and strong winds generally mar farmers’ productivity 
of tomato, peach, and apples in district Swat and Malakand causes 
huge amount of food losses from orchard farms.

In the same vein, information presented in Table  2 part 1 
shows the results of the measures of farmers for mitigating the 
impact of climate change. The information received in response 
to question revealed that 16.5% of respondents used alternate 
planting dates to reduce climate change impact. These results 
are in conformity with the findings of Lasco et  al. (2014) who 
reported from a study conducted in Tanzania that farmer used 
planting date variation practice to adapt to challenges of climate 
change. Another finding reveals that 60% of the respondents 
used different crop varieties for adjustment of their fields to 
climate changes. The switching of crop varieties, that is, sowing 
one crop variety instead of other is the emerging response to 
climate change in the study areas. In a study by Komba and 
Muchapondwa (2012), it was reported that some farmers try to 
adapt climate change by planting drought-resistant crops in 
Tanzania. Similarly, using Avena (Indigo) species as a fodder 
crop which was lately replaced by a dominant stable crop (barley) 
performed as a means of adaptation to climate change (Menon 
et  al., 2007). It was further reported by 8 and 15.5% farmers, 
respectively, that techniques, such as additional irrigation and 
crop rotation, are used as countermeasures for adjusting to climate 

TABLE 1 | Impact of climate change on socioeconomic conditions of farmers.

1. Status
District name

Total Percentage
Swat Malakand

Educated 51 29 80 40
Uneducated 49 71 120 60
Total 100 100 200 100
2.  Knowledge 

regarding 
Change

District name
Total Percentage

Swat Malakand

No 14 42 56 28
Yes 84 58 144 72
Total 100 100 200 100
3.  Long-term 

shifts in 
temperature

District name
Total Percentage

Swat Malakand

No 18 0 18 9
Yes 182 100 182 91
Total 100 100 200 100
4. Cool/warm District name

Total Percentage
Swat Malakand

Cool 16 1 17 8.5
Warm 84 99 183 91.5
Total 100 100 200 100
5.  Long-term 

shifts in 
precipitation

District name
Total Percentage

Swat Malakand

No 10 0 10 5
Yes 90 100 190 95
Total 100 100 200 100
6. Drier/wetter District name

Total Percentage
Swat Malakand

Drier 84 99 183 91.5
Wetter 16 1 17 8.5
Total 100 100 200 100
7.  Long-term 

shifts in 
drought

District name
Total Percentage

Swat Malakand

No 10 2 12 6
Yes 90 98 188 94
Total 100 100 200 100
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change. To assure harvest in the face of climate change, farmers 
adapt cropping systems and management measures, for instance, 
by implementing different crop rotations, crop sowing dates, 
irrigation, and tillage methods (Kaukoranta and Hakala, 2008; 
Fleming and Vanclay, 2010; Daccache et  al., 2012). Farmers are 
also likely to choose new, climatically suited crops or cultivations 
that are better adapted to warm and dry conditions, such as 
low delta crops (Bloomfield et al., 2006; Tokatlidis, 2013). Extreme 
weather events in the future will probably set yield at higher 
risks, which may lead to an increase in pesticide usage and 
fertilizer input (Baessler and Klotz, 2006; Lososová et  al., 2006). 
On the contrary, the empirical evidence generated from in-depth 
interviews reveals that farmers use indigenous knowledge including 
the fog formation months, local calendars of farming months 
as well as the behavior of insects and animals to determine 
changes in weather triggered by climate change.

Climate change is predicted to result in a higher frequency 
of extreme weather events, such as heavy storms, summer droughts, 
and extreme cold spells (Jentsch et  al., 2009; Coumou and 
Rahmstorf, 2012). Table  2 section 2 indicates various sources 
that farmer use for predicting the future weather condition. It 
was found that 48.5% of the respondents relied on weather 
experts/meteorologists. Similarly, 22% of the farmers reported 
that they use their past experience. Out of the total sampled 
farmers, 12% of respondents used television and radio for weather 
prediction. Among the sampled farmers, only 7% reported the 
use of Internet for weather prediction. While 11.5% farmers 
reported that they use other sources for weather prediction in 
their area. Dessai and Hulme (2004) also reported that the costs 
of climate changes are differentiated by various types of risk. 
For instance, some risk is associated to the rate and magnitude 
of climate change, whereas some is associated to biological response 
of agricultural products and how the community responds. Climate 
change also influences weeds indirectly, by enforcing adaptations 
of farming methods, such as crop choice, sowing time, harvesting 
date, and other agronomical practices to these alterations (Fleming 
and Vanclay, 2010). The empirical evidence generated from 
interviews (IDIs) reveal a recurrent pattern whereof the farmers 
council (community level) and ongoing observation and discussions 
were used in coping up the climatic changes triggered by extreme 
weather events. Besides, use of Internet was more pronounced 
among young tenant farmers than others, although the overall 
theme reveals a mixed approach to information used for 
weather prediction.

Prediction of climate change risks for farmers’ livelihoods 
is crucial because it directly impacts farmers’ livelihoods. 
According to García-Martínez et  al. (2016), almost 85% of 
small-scale farms are subsistence oriented and produces primarily 
for on-farm consumption, while only 15% farms are market-
oriented with commercial objectives. Therefore, tenant farmers 
mainly seek family welfare (including education) and 
vulnerability reduction by applying low-cost coping strategies 
to climate change. It is expected that there will be  decline 
in crop yield up to 30% by the mid of 21st century in certain 
regions (Rotz et  al., 2016). As evident from Table  2 part 4 
majority of (61.5%) respondents’ increased their crops yield, 
while 29.5 respondents witnessed a decline in yield of their 

crops due to climate change. This result goes in agreement 
with experienced a decline (White, 2012; Rotz et  al., 2016). 
Our findings also showed that 48% of the farmers reported 
that there is an improvement in the crop quality due to climate 
change as the used of imported seeds has been in vogue 
recently. On the contrary, 34% of the farmers reported that 
crop quality has deteriorated due to changes in the climate. 
These results support the findings of Moretti et  al. (2010) 
who reported that extreme temperatures will impact fruit 
quality, such as fruit firmness and sugar as well as antioxidant 
compounds. As evident from Table  2 part 4, 18% of the 
respondents did not observe any change on their crops quality. 
It was further observed that 36.5% of the tenant farmers 
disclosed that crop growth has been enhanced due to climate 
changes, especially due to the rise in rain spells. While, 51.5% 
of the farmers reported a decrease in the crop growths due 
to climate changes. In the same way, majority of respondents, 
that is, 87.5 and 89% reported increase in the crop disease 
and crop water requirement respectively, due to climate change 
while 8.5 and 9% of the respondents account decrease in the 

TABLE 2 | Countermeasures to climate changes adopted by farmers.

1.  Adjustment of 
farmers to 
climate change

District name
Total Percentage

Swat Malakand

Changing planting 
dates

10 23 33 16.5

Using different crop 
varieties

55 65 120 60

Adding irrigation 11 5 16 8
Crop rotation 24 7 31 15.5
Total 100 100 200 100
2.  Source of 

weather predict 
for next season

District name
Total Percentage

Swat Malakand

Use past season 
weather

34 10 44 22

Expert opinion 36 61 97 48.5
TV/ radio 19 5 24 12
Internet 10 4 14 7
Others 1 20 21 11.5
Total 100 100 200 100
3.  Predict risk due 

to climate 
change

District name
Total Percentage

Swat Malakand

Drought 62 61 123 61.5
Cyclone 2 3 5 2.5
Floods 12 24 36 18
Storms 9 2 10 5
Heavy rain 15 8 23 11.5
Others 0 2 2 1
Total 100 100 200 100
4.  Impact of 

climate change 
on

Increases 
(%)

Decreased 
(%)

No 
change 

(%)

Do not know 
(%)

Crop Yield 61.5 29.5 8.5 0.5
crop quality 48 34 18 -
crop growth 36.5 51.5 11.5 0.5
crop disease 87.5 8.5 4 -
crop water 
requirement

89 9 2 -
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TABLE 3 | Information of the farmers regarding Agricultural risk and major losses 
due to climate change.

Agricultural risk in 
study area

District name
Total Percentage

Swat Malakand

Production risk 69 16 85 42.5
Price/market risk 29 60 89 44.5
Financial risk 2 23 25 12.5
Others 0 1 1 0.5
Total 100 100 200 100
Major losses due 
to climate change 
in study area

District name Total Percentage
Swat Malakand

Heavy rainfall (floods) 15 11 26 13
Drought 51 39 90 45
Rising temperature 3 1 4 2
Loss of Agric. 
production

26 42 68 34

Others 5 7 12 6
Total 100 100 200 100

crop disease and crop water requirements, respectively, due 
to climate change. The empirical evidence generated from IDIs 
in qualitative data analysis complements the findings of preceding 
survey although the crop yield has been improved but not 
quality. The introduction of hybrid seeds has practically 
eradicated the natural taste crops and fruits as well reports 
of lower nutritional value have been observed in District Swat 
and Malakand.

Agricultural risks have been part of life since the beginning 
of the evolution of the human race. Valdés et  al. (1986) 
indicated that risk and uncertainty pose a serious impediment 
to agriculture development. Such risks inwardly translate into 
socioeconomic risks as income of tenant farmers is disturbed 
due to them. Crop diversification, share cropping, and sharing 
food during times of scarcity are all part of risk management 
strategies. Information in Table  3 part 1 shows some of the 
risk related to farming in the study areas. A reasonable portion 
42.5% of the farmers indicates that production risk is one of 
the leading risk in their regular farming which affects their 
income and hence their socioeconomic conditions. Similarly, 
a majority of 44.5% of the respondents depict price of their 
agricultural product is the prime risk in their areas as sudden 
fall and rise in market prices cascades economic losses and 
gains beyond their control. The prices of agricultural 
commodities are instable and subsequently changes from very 
low to very high in the study areas due to poor enforcement 
of laws and informal nature of market dynamics. Agricultural 
producers including tenant farmers have little or no control 
over the market forces that drive commodity prices. Information 
in the same table part 2 illustrates information of the respondents 
regarding the consequences or major losses due to climate 
changes. It is evident from the table data that majority of 
the respondents 45% express that drought or extended dry 
spells is one of the foremost losses to climate change in the 
areas especially for rainfed farms. On a global scale, this risk 
is much greater than that of cyclones, floods and storms 
experience in target areas of study. However, on a regional 
rather than global scale, there are areas where the risk of 
flooding exceeds that of drought. Similarly, losses of agricultural 
production reported by 34% of the respondents in the study 
areas. The theme which emerged from the qualitative analysis 
of in-depth interviews, confirms the preceding findings as 
tenant farmers experience adverse risks due to unfriendly 
weather changes due to which many of the orchard farmers 
experience bankruptcy. In socioeconomic terms unfortunately 
for tenant farmers, failing to fulfill obligations to land owners 
also results in social stigma. According to Lead Pakistan Under 
Play (2019) article the almost 25–30 percent of people in 
Malakand and Swat districts are by the use of Under Play 
to meet the demands of debtors. Under this scheme, the lender 
give items to borrowers at a higher cruel price while the 
borrower sells it on market price to extend financial life line 
up till next harvest season. The emergent themes from qualitative 
analysis confirm that majority of tenant farmers also delve 
in “underplay or Neta Watta” which refers to gamblers like 
risk taking in order to fulfill their unmet financial obligations 
to land lords and family needs.

Information in Table 4 indicated the overall impact of climate 
change on some of the growing crops and orchards. It is evidence 
from the table that majority of the growing plants, crops, medicinal 
plant, and wild life including birds are adversely affected from 
climatic changes. Majority of the respondents confirm that the 
quantity of such plants, crops and wild life had decreased with 
the increase in climatic changes. Information in the given data 
further demonstrates strategies to mitigate the effect of climate 
change in their areas. Similarly majority of the respondents 72% 
and 75.5 highly desired that increase in the farmers knowledge 
and the provision of proper training for adoptive capacity, 
respectively, mitigate the effect of climate change in the study 
area. In the same vein, 66% of the farmers reveal that Advancement 
weather forecasting system will help to mitigate the effect of 
climate change. Moreover, 64% of the respondents highly desired 
that the provision agricultural finance would obviously mitigate 
the effect of climate change in the study area. Some of the 
respondents 29.5% desired that reduces the use of fertilizer will 
mitigate the impact of climate change.

Common views regarding climate change have their 
socioeconomic roots, which are specific to geographical 
locations, such as urban and rural localities (Weckroth and 
Ala-Mantila, 2022). The study has unveiled a variety of 
findings in rural areas of district Swat and Malakand. The 
study unveils that tenant farmers are affected in socioeconomic 
terms by the changes triggered due to climate change. In 
particular the under play mechanism used as a short-term 
fix causes severe issue for tenant farmers, especially in 
instances wherein they are unable to meet their agreed upon 
financial obligations to farmers. This has wide range of 
socioeconomic impact on farmers and their families. The 
study proposes better tenant farm owner contracts to safeguard 
the interests of economically marginalized tenant farmers 
in district Swat and Malakand. The farmers in target area 
although are disadvantaged due to lack of land provision 
but at the same time had witnessed a rise in production 
of yield although such rise in not proportionate to fulfill 
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their socioeconomic needs. The farmers use a variety of 
indigenous countermeasures, such as crop managing by crop 
sowing dates, use of hybrid seeds but not without associated 
tradeoffs. It has been reported that hybrid seeds had altered 
the original taste of fruits and crops. A similar study was 
conducted by Maryam et  al. (2014) in Swat District only 
by using a positivist’s world view to report that a whopping 
majority of people were aware of the perils of climate change 
on their livelihoods. Likewise, a study conducted by Maponya 
et  al. (2013) in South  Africa goes in agreement with our 
findings wherein 65% of people were aware of the dangers 
of climate change. Another study was conducted by Lasco 
et  al. (2014) in Tanzania whose result goes in agreement 
with findings of this study in regard to socioeconomic impact 
of climate change of livelihoods. Likewise, Komba and 
Muchapondwa (2012) conducted a study to assess the climate 
adaptation of small farmers in Tanzania wherein farmers 
utilize drought-resistant crops to cope up with threats of 
climate changes on livelihoods. Against general perception, 
the current study reported that due to climate change actually 
the yield of crops had improved. A similar study was 
conducted by Moretti et al. (2010) using a positivist ontology 
to report that farmers experienced a rise in productivity 
due to climate-related associated awareness which goes in 
agreement with findings of this study in district Swat and 
Malakand of Khyber Pakhtunkhwa province in Pakistan. In 
addition to these, it has been learnt that farmers in this 
part of the world use indigenous farming knowledge (spoken) 
which is unwritten to cope up with climate changes in 
order to adjust their farming practices to sustain their 
livelihoods. No study is complete in all aspects and that is 
why we  would like to mention the limitations of the study. 
The biggest limitation pertains to the inclusion of female 
participants across both phases of data collection which 
was not possible due to a variety of reasons including cultural 
barriers of honor and purdah. Future studies can use the 
findings of the study with a larger sample to further validate 
the findings of the study in order to mitigate the socioeconomic 

impact of climate changes tenant farmers in district Swat 
and Malakand.

CONCLUSION

Assessing the socioeconomic risks of climate change on tenant 
farmers in Pakistan with a longitudinal research design offers 
important insights regarding coping mechanism of tenant farmers 
in a flood calamity prone study areas. Detailed information from 
this research indicates that a tenant farmer was collected to 
implement adaptive techniques in order to cope with the impact 
of climate change at farm levels. Findings of the current research 
study have yielded valuable insights on the level of awareness and 
strategies used by the farmers for mitigating the impact of the 
climate change. A key finding pertains to the fact that actually 
farmers yield had progressively gone up amidst the grand climate 
risks as indigenous farmers had become more alert to new changes 
than ever. However, the overall average growth is much less than 
when compared to global standards. The study highlights that 
farmers in both districts are affected by climate change due to 
sudden onset of recurrent natural calamities in the form of cyclones, 
floods, droughts, hailstorms, and pesticide resistance but overall 
survival skills and coping strategies had been improved with passage 
of time. The overall economic losses in study areas are mostly 
attributed to use of outdated farming practices and lack of awareness 
regarding climate change due to belief that anthropogenic activities 
contribute little to climate changes. The study concludes that climate 
change triggers multiple threats to vulnerable farmers to climate 
change in socioeconomic terms as they struggle to cope with 
climate changes, yet they also utilize countermeasures, such as 
crop rotation, fertilizer change, and sowing date changes to offset 
the climatic changes. Finally, the study contributes to raise voice 
for land strapped tenant farmers using a transformative worldview, 
as these people had been involved in tenant farming for generations 
despite no or little support from the government. The study 
recommends introduction of better land distribution legislation 
and schemes, such as crop sharing and crop insurance to mitigate 

TABLE 4 | Impact of climate change on indigenous yield and mitigating strategies by the farmers.

Impact of climate change on: Increases (%) Decreased (%) No change (%) Do not know (%)

Medicinal Plants 5.5 88 5 1.5
Birds and wildlife 5 83 10.5 1.5
Pears trees 3.5 83 12.5 1
Apple trees 29 61 9 1
Wheat 38 53 9 0
Maize 15.5 75 9.5 0
Walnut trees 3 51 21 25
Honeybee colony 22.5 74 3.5 22.5
Strategies to mitigate the effect of climate change Not desired (%) Less desired (%) Somewhat desired (%) Highly desired (%)
Reduce the use of artificial fertilizer 27 11.5 32 29.5
Enhance the knowledge of farmers 1.5 2.5 24 72
Create fund research activity 2.5 9 31 56.5
Introduce crop insurance policy 15.5 6 19.5 59
Strengthen through agricultural finance 3 6 27 64
Advancement weather forecasting system 4.5 10.5 24 66
Provision of Training for adoptive capacity 4 4 16.5 75.5
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the effects of climate changes on economically marginalized farmers 
in district Swat and Malakand.

The study recommends provision of climate resilience training 
for tenant farmers who had time and again experienced climate 
volatilities be  it nature or otherwise. Then there is also a need 
for stable agricultural commodity prices monitoring in the 
market. Other than this, farmers needs to be  incentivized and 
encouraged to improve their knowledge of climate changes by 
way of training sessions for farmers. Finally, better land 
distribution legislation and safety schemes, such as crop loan 
insurance (takaful) in Khyber Pakhtunkhwa, Pakistan.
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Mental imagery can be used for recreating an extreme environment experience. Here we
assessed whether microgravity effects over cognition, that typically occur during a space
mission, may be reproduced via mental imagery. Participants were randomly assigned
to one of two conditions in which they were guided to imagine to be (1) in outer space
or (2) in a nature scenario and subsequently estimate the weight of common objects.
We found that only for those who engaged in a space scenario imagery, there was a
decrease in object weight estimation compared with a prior rating. This finding is the
first to indicate that the effects of weightlessness on cognition can be simulated via
an imagery-based technique and add to the ongoing debate about the importance of
trying to disentangle the effect of microgravity alone on human performance. Moreover,
our findings ultimately suggest that imagery can be used as a less expensive simulated
scenario for studying the impact of extreme environmental conditions over astronauts’
cognition and behavior.

Keywords: mental imagery, microgravity, extreme environments, weight estimation, space environment
adaptation

INTRODUCTION

Space can be considered par excellence an extreme environment and microgravity is one of its most
relevant physical stressors in space, along with cosmic radiation and altered light/dark cycles (see
Kanas and Manzey (2008) for a review; Mammarella (2020a)). One of the main features of being
in space is the experience of weightlessness due to the absence of gravity (although there is always
some degree of gravity around us). Weightless conditions have been shown to affect human spatially
oriented behaviors due the fact that gravity no longer acts as an essential vertical reference, creating
a discrepancy between vestibular, visual, and sensorimotor signals (see Kanas and Manzey (2008)).
Much of what we know about the impact of microgravity on astronauts’ body and mind stems from
research in real microgravity conditions such as the International Space Station (ISS) or parabolic
flights. In addition, simulations such as short- and long-term head-down tilt bed rest helped to
unravel microgravity effects better (Mammarella, 2020b).

Although some authors wrote about the benefits of mental and motor imagery in the context
of spaceflights and space missions (Bock et al., 2015; Guillot and Debarnot, 2019; Gravano et al.,
2021), few, if any, considered imagination for reproducing microgravity-like effects on Earth.
However, the definition of mental imagery per sé indicates that this can be the case. Imagery,
in fact, is the ability to generate quasi-perceptual experiences in the absence of perceptual input
(Kosslyn et al., 2001); the experience of sensory information without a direct external stimulus
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(Pearson et al., 2015). Imagery, then, allows the simulation or
the re-creation of perceptual experiences across different sensory
modalities (Fisher, 2006; Kosslyn et al., 2006; Pearson et al., 2008)
or the ability to generate vivid images and maintaining them for
goal-directed behaviors (Morris et al., 2005). As highlighted by
Grabherr and Mast (2010), mental imagery is closely connected
to perception and motor behavior. It aids important processes
such as perceptual anticipation, problem solving and motor
simulation, all of which are critical for space travel. In addition, a
series of studies (e.g., Besnard et al., 2015; Bigelow and Agrawal,
2015) have also recently shown that vestibular information may
play a crucial role in mental imagery, bodily self-consciousness
and self-motion perception or, vice versa, that imagery can
play a crucial role in vestibular cognition (e.g., Mast and
Ellis, 2015). Altogether, these data support the assumption that
mental imagery should be incorporated before (or during) space
missions as a ground-based simulation method for studying
microgravity-like effects on human performance. In fact, due to
the inherent characteristics of weightlessness conditions and the
intimacy between mental imagery and vestibular cognition, it
can specifically simulate the activation of vestibular, visual, and
sensorimotor information as in a real weightless condition. If
so, the first step would be the development of a guided-imagery
session of a space environment and subsequently testing whether
it might affect ’vestibular cognition’ in the “as if ” manner.
This may happen because when we engage in imagination, for
instance, via guided imagery, subjective aspects (e.g., perceptual,
motor, physiological and introspective) of an event and the
knowledge about it, partially reactivate (Barsalou, 2008; Palmiero
et al., 2019).

In order to investigate whether the perception of weightless
or, to say it better, the typical effects of weightless, can be
reproduced via mental imagery, a group of volunteers performed
a weight estimation task before and after a guided-imagery
session of a space scenario. If mental imagery is effective in
reproducing weightlessness-like conditions, we should expect
an impact on weight estimation (as one would typically expect
in space, that is, objects should be perceived as less heavy)
after the guided-imagery session of a space scenario. Moreover,
we expected that participants of the space condition with a
higher self-reported vividness (based on median values) would
have provided significantly lower estimates than low-vividness
subjects. The main experimental condition (space condition) was
also compared with a control condition in which another group
of volunteers (n = 32) performed the same task before and after a
guided-imagery session of a nature scenario.

METHOD

The present study was reviewed and approved by the Ethics
Committee of the Department of Psychological Sciences, Health,
and Territory at the University of Chieti.

Participants and Procedure
The sample consisted of 64 participants (65.6% females; mean
age 22,8 ± 3.86 SD) recruited voluntarily among undergraduates

(age > 18 years) of the “D’Annunzio” University of Chieti-
Pescara. Each person provided written informed consent before
participating, as indicated by the ethical standards of the
Declaration of Helsinki and by the IRB approval obtained from
the Departmental Ethics Committee. Experimental methods
were performed following approved guidelines. The experiment
was administered remotely through the E-prime Go software
(pstnet.com), due to the limitations imposed by the Italian
government to contain the COVID-19 infection. Participants
were required to sit in a quiet room, at a distance of 60cm from
the PC screen. After entering their personal information, the
experimental procedure began and participants were randomized
equally (n = 32 in each condition) into one of the two conditions:
space scenario or nature scenario. Students received extra credits
for their participation.

A power analysis and sample size from power calculations
using the program G∗Power 3.1 with α = 0.05, power = 95%,
indicated that we require a total of N = 6 (large sized effect;
f = 0.4), N = 10 (medium sized effect; f = 0.25), or N = 50
(small sized effect; f = 0.1), participants in total to achieve
95% power when employing the traditional 0.05 criterion of
statistical significance.

Stimulus Selection and Imagery Session
In line with the guidelines for developing an effective imagery
session (e.g., Lang, 1979; Holmes and Mathews, 2010; Ji et al.,
2016), our mental imagery phase included a video and a guided-
imagery session. In particular, before presenting the auditory
imaginative script, participants were shown a video. In fact, in
line with the literature on sport performance and imagery (Smith
and Holmes, 2004; Wright and Smith, 2009), combining video
and imagery sessions improves performance to a greater extent
than imagery alone. The rationale being that providing visual
stimuli allows participants to focus more on kinesthetic aspects
of movement (Holmes and Calmels, 2008).

Forty object pictures were retrieved from The Bank of
Standardized Stimuli (BOSS, Brodeur et al., 2010); additional 10
pictures were selected via Google Images web search. Images
were adapted for size (35 × 48) and brightness and presented in
the center of the screen. A group of 147 participants previously
rated them in terms of weight. From those fifty stimuli, only
forty were chosen as targets for the experimental task and four
items were used as filler stimuli at the start and end of the
task in order to reduce primacy and recency effects. Six stimuli
were excluded because of the extreme variability in the estimates
provided. Two different video tracks were created by editing
existing videos from the YouTube platform. Each one lasted
2 min and 30 s. In the space video, there was an astronaut
floating in the outer space and during a parabolic flight. In the
nature video, there was a man walking, jumping, and crossing a
naturalistic landscape with a backpack on his shoulder. Videos
had no sound. Participants were asked to silently watch the video
trying to internally reproduce the physical sensations that people
were experiencing.

A female researcher recorded two main tracks for the guided-
imagery session (one for the space scenario and one for the
nature scenario). We chose standard audio scripts to reduce
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the effect of other auditory variables on speech recording (e.g.,
mood, emphasis, and prosody of the speaker, as well as quality
and duration of the session, etc.). Each track lasted about 100 s.
and was made of 14 sentences with an average of 83.5 words.
Each sentence was followed by a pause of 5 s aimed at fostering
imaginative listening. Moreover, the audio-track ended with
encouraging participants to feel and enjoy their sensations (free
imaginative phase). Background sounds were deleted and pauses
were added via the free Audacity software. A final sentence
signaled the end of the guided-imagery, prompting participants
to open their eyes and continue with the experiment. An example
of the guided-imagery track for the space scenario is given
below:

“Now imagine you are in outer space. If you prefer, you can close
your eyes. Look around. Feel the absence of weight. Look at floating
objects. If there are other people, try navigating toward them.
Imagine everything you see floating. Listen carefully to all sounds.
Smell the odors. Look at the lights and appreciate the dark. Look
at everything that comes your way. Feel the absence of weight. Feel
how you move. Take some time to enjoy this feeling.”

The experiment was delivered via E-prime go software. After
collecting demographic information, participants performed the
weight estimation task (t1), which consisted of evaluating
the weight of the selected everyday objects’ on a 0 to 100
grams scale (VAS scale). A bar appeared on the screen
underneath the object picture and volunteers had to move a
red cursor with the mouse in order to respond. Subsequently,
participants watched video followed by the audio instructions
for the guided-imagery session. At the end, all participants
performed the weight estimation task (t2) for the same
objects’ pictures seen before. In both tasks, of course, stimuli
were randomized.

In order to be sure that participants were engaging in
imagination, we also performed a manipulation check as we asked
volunteers to rate the vividness and the involvement they were
experiencing during the guided-imagery on a 9-point scale (from
1 = “not at all” to 9 = “extremely”). Vividness is typically used as a
non-physiological measure of mental imagery (e.g., Holmes and
Mathews, 2010; Iachini, 2011; Pearson et al., 2013).

RESULTS

We conducted a 2 (type of imagery scenario: Nature vs. Space) x
2 (time of estimation: t1 vs. t2) repeated-measure ANOVA (using
Statistica version 12) to compare the weight estimation at t1 and
at t2 of participants in the space and nature scenario conditions.
Post hoc TukeyHSD analyses were run. Results showed a main
effect of time F(1,62) = 10. 876, p < 0.005; ηp2 = 0.149 and
a significant interaction between type of imagery scenario and
time of weight estimation F(1,62) = 6.703, p < 0.05; ηp2 = 0.098.
Specifically, participants estimated the objects as heavier at t1
(M = 33.152; SE = 1.700) compared with t2 (M = 30.266;
SE = 1.819) independently of scenario conditions. Regarding the
interaction, we observed only a significant difference in weight
estimation of the objects between t1 (M = 34.735; SE = 2.268) and
t2 (M = 29.584; SE = 2.324; p < 0.001) (Figure 1 and Table 1)
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FIGURE 1 | Bar chart of means and standard errors of weight estimations
given by subjects in the two conditions at t1 and t2.

TABLE 1 | Means and standard errors (in parenthesis) from the weight estimation
task as a function of time (t1 vs. t2) and type of imagery scenario
(space vs. nature).

Imagery session t1 t2

Space 34.735 (2.268) 29.584 (2.324)

Nature 31.570 (2.530) 30.948 (2.798)

in the space scenario group. Thus, only participants that were
engaged in a space scenario’s imagery session gave significantly
lower weight estimations. No main effect of type of imagery
scenario was found F(1,62) = 0. 070, p = 0.792; ηp2 = 0.001.
Specifically, the overall weight estimation in the nature condition
(M = 31.259; SE = 2.410) was not different from the one in the
space condition (M = 32.159; SE = 2.41).

Furthermore, a Student’s t-test revealed that there was no
difference in vividness or involvement across the two groups
and there were no significant differences in weight estimations
between high and low-vividness participants (based on the
median value per condition, in all cases p > 0.5).

DISCUSSION

Mental imagery is a cognitive function strictly connected to
perception, visual and motor processing. It has been defined as
a “weak form of perception” (Pearson, 2019) able to generate
a weak form of experience, with all the neural, physiological,
and psychological correlates of real perception. The primary
function of imagery is to simulate reality by analyzing actions
and situations’ consequences and it seems able to amplify
conscious and unconscious human functions, sustain decision-
making, problem-solving and even to exert control over emotions
(Taylor et al., 1998; Moulton and Kosslyn, 2009; Mammarella,
2020c; Gatti et al., 2022). Due to its special features, mental
imagery has been used across multiple disciplines, e.g., clinical
psychology, sports and rehabilitation sciences, to cite only few.
For example, in the clinical domain, Murphy et al. (2015)
compared a computerized mental imagery-based training with
a classical cognitive training procedure in order to modify
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cognitive biases in aging. In particular, an imagery-based training
(see also Lang et al. (2012), Blackwell et al. (2015)) typically
consisted of 12 sessions (six auditory and six visual) across four
weeks. Participants in the imagery condition were asked to create
a mental image of the stimuli presented. In the six auditory
sessions, participants listened to brief descriptions of everyday
situations and were instructed to imagine themselves actively
involved and seeing the scenario through their own eyes. Each
scenario was initially ambiguous, but all descriptions eventually
resolved positively. In the other six sessions, participants were
shown ambiguous pictures of everyday scenes paired with a
few words that resolved the scene positively. Controls, instead,
were asked to concentrate on the words and meanings of
the descriptions, to rate the difficulty of understanding the
meaning of the descriptions on a 5-point Likert-type scale, to
generate a sentence by combining the picture and words, and
finally rate the difficulty of generating a sentence. While both
conditions improved interpretive bias modification, imagery-
based training improved positive affect and vividness of positive
prospective imagery (as measured by the Prospective imagery
test, PIT, based on Stöber (2000)) to a greater extent. In
sport sciences, instead, motor imagery has been shown to
be effective in enhancing strength performance (Lebon et al.,
2010; Wakefield and Smith, 2011). In this regard, the use of
the PETTLEP protocol (Holmes and Collins, 2001) is very
common. Specifically, PETTLEP is the acronym for Physical,
Environment, Task, Timing, Learning, Emotion, Perspective, that
is, the functional equivalence that imagery needs to have with
the real movements to be effective. Smith et al. (2019) made
a single-case design study to investigate whether combining
motor imagery and action observation improves biceps strength
performance in four subjects with a mean age of 24 years
(SD = 3.54). Participants were assessed at baseline with the
Movement Imagery Questionnaire 3 (MIQ-3, Williams et al.,
2012), in which they had to reproduce visual and kinesthetic
imagery of four movements (knee lift, jump, arm movement,
and toe touch) and then rate their own ability on a 7-point
Likert-type scale. This was followed by a phase of PETTLEP-
based imaginative practice of bicep curl machine, with and
without action observation, in a counterbalanced way, for a
total of 8 weeks of intervention (4 weeks per intervention, with
trice a week imagery session). Participants, then, completed a
weekly bicep curl one repetition maximum (1 R.M.) in order
to measure their performance. Combining action observation
with PETTLEP imagery protocol improved performance but
not significantly more than the PETTLEP alone, supporting
the robustness of this motor imagery protocol per sé. In this
regard, also Bock et al. (2015) highlighted the role of mental
practice of some basic movements in space (or weightlessness
conditions) as a relevant countermeasure technique for reducing
microgravity effects.

In line with the above-mentioned studies, our goal was
to understand whether an imagery-based training could also
be a viable road for the study of microgravity-like effects
over cognition. Of course, we are in a preliminary phase of
our research and this can be considered as an exploratory
study. However, the present work is the first to simulate a

space mission scenario via imagery and to obtain significant
effects on cognitive processing. Indeed, imagery is a cost-
effective and non-invasive method (Guillot and Debarnot, 2019):
its intrinsic simulative feature would make it an interesting
device for enhancing astronauts’ performance and promoting
their adaptation to extreme environmental conditions. Our
hypothesis was that observing astronauts floating and inviting to
imagine a weightlessness condition would lead to a reduction in
weight estimation compared with imagining a nature scenario.
Astronauts typically estimate the objects as less heavy in real
microgravity conditions (e.g., parabolic flights, see Ross and
Reschke (1982)). Here, we wanted to verify if the imagery
session inducing feelings of lightness and weightlessness could
affect the cognitive estimation of the weight of objects in the
same manner. The rationale behind our research is rooted in
the embodied cognition theories (Barsalou et al., 2003) and
is oriented in investigating if a guided-imagery session of a
space scenario reactivates sensorimotor aspects of weightlessness,
so that participants should lower their weight estimation
scores compared with controls. Our findings seem to point to
this direction and suggest that imagery of a weightlessness-
like condition can be effective in reactivating knowledge
about space missions.

It is also important to address several shortcomings and
prospects of the present study. Unfortunately, in the context
of this study, it was not feasible to include real objects and
compare the effectiveness of our procedure with them. Although
we used a series of object pictures previously rated in terms of
weight, the findings of the present research should be interpreted
with caution. New research in our lab is trying to replicate
findings of the current study with a design that includes real
objects. Furthermore, the distinction between mass and weight
of objects was not specified to participants. Weight is, in fact,
the amount of gravity acting on an object mass; mass, instead,
is the amount of matter that does not change with gravity. Ross
and Reschke (1982), for instance, first studied mass estimation
and discrimination in real microgravity conditions by asking
participants to shake an object in order to generate a sensation of
heaviness. An interesting avenue could be replicating these data
with our guided-imagery condition. Thus, future studies should
examine the effectiveness of our imaginary simulation with real
objects to gain a better understanding of changes in behavioral
performance. Virtual reality too may be used in this regard and
provide an interesting possibility for implementing vestibular
cognitive tasks. This method will additionally promote the study
of integration between visual, auditory, and tactile input during
simulation and increase research interest in this domain. Finally,
even if the guided-imagery session seems to have an effect only
in the space scenario and not in the nature scenario, our results
should be interpreted with caution due to the trend of the means
in the two conditions at t1. Although the weight estimation
in the space scenario at t1 does not differ from the weight
estimation in the nature scenario at t1, the trend of the means
might suggest an apparent difference between the two tasks at
baseline (before the imagery session). Therefore, further studies
are needed to disentangle the effects of imagery session and
potential differences due to the type of task that participants are
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performing. To conclude, our data first show that microgravity-
like effects, that stem from an extreme environment such as
space, can be reproduced via mental imagery and affect cognitive
estimations of weight of everyday objects. Other studies adopting
this methodology can help deepening our knowledge about the
impact of different variables on human performance during a
spaceflight. This finding, finally, can be crucial for the future of
space exploration, for example, in order to understand the extent
to which microgravity alone influences vestibular cognition-
based tasks and adds to the development of countermeasures
for long-term duration explorations (e.g., Mammarella and Gatti,
2020). Given that the number of space travelers is going to raise
in next few years, we ultimately hope that our date will stimulate
new research in this direction.
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Various lines of evidence have shown that nature exposure is beneficial for
humans. Despite several empirical findings pointing out to cognitive and emotional
positive effects, most of the evidence of these effects are correlational, and it has
been challenging to identify a cause-effect relationship between nature exposure
and cognitive and emotional benefits. Only few of the published studies use
psychophysiological methods to assess the biological correlates of these positive
effects. Establishing a connection between human physiology and contact with natural
settings is important for identifying cause-effect relationships between exposure to
natural environments and the positive effects commonly reported in connection to nature
exposure. In the present study, we recorded physiological indexes of brain activity
(electroencephalography) and sympathetic nervous system (electrodermal activity),
while the participants were presented with a series of videos displaying natural,
urban, or neutral (non-environmental, computerized) scenes. Participants rated the
scenes for their perceived relaxing value, and after each experimental condition, they
performed a cognitive task (digit span backward). Participants rated natural videos as
the most relaxing. Spectral analyses of EEG showed that natural scenes promoted alpha
waves, especially over the central brain. The results suggest that experiencing natural
environments virtually produces measurable and reliable brain activity markers which are
known to be related to restorative processes.

Keywords: EEG, EDA, nature, restoration, cognition

BACKGROUND

The literature on environmental psychology has defined a restorative environment as one that
can help to restore drained emotional and/or cognitive resources. Outdoor environments that
feature natural elements have been shown to effectively promote restorative effects (Hettinger,
2012). Human exposure to natural settings has been shown to be associated to psychological and
psychophysiological positive effects, such as stress reduction, improvement of moods and mental
health (as, e.g., reducing symptoms of anxiety and depression – see Grassini, 2022 for a review),
and cognitive recovery from task overload (Ulrich, 1979; Kaplan and Kaplan, 1989; Berman et al.,
2008; Hartig et al., 2014).
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A long line of empirical evidence has shown that natural
settings can promote stress reduction and ease physiological
arousal (Laumann et al., 2003; Stigsdotter and Grahn, 2004;
Tyrväinen et al., 2014). Placing natural elements in urban areas
has been shown to improve mental health (Tzoulas et al.,
2007), and natural elements indoor has been shown to promote
psychological well-being (Raanaas et al., 2016). In addition,
viewing nature from a window helps faster recovery from
physical exercise (Engell et al., 2020). The positive effects of
nature have been extensively studied in the context of work
well-being, and it has been shown that interactions with natural
settings may be beneficial to reduce work-related stress (Korpela
and Kinnunen, 2010; Korpela et al., 2015).

Current scientific literature has extensively investigated the
ability of natural settings to restore attentional and cognitive
abilities. Current theories of the cognitive effects of exposure
to natural stimuli (see Kaplan and Kaplan, 1989; Kaplan, 1995)
propose that cognitive abilities are restored by natural settings,
and therefore predict that after the exposure to a natural
environment (compared, e.g., to an urban one), people would
perform better in cognitive and memory tasks. Several lines of
evidence have indicated that natural settings have the capacity
to restore human attentional and cognitive abilities (for reviews,
Ohly et al., 2016; Stevenson et al., 2018). Among cognitive skills,
being exposed to natural elements has been shown to increase
performance in working memory tasks (Bratman et al., 2015),
improve performance in sustained attention exercises (Berto,
2005), increase cognitive control, and concentration (Hartig et al.,
2003; Berman et al., 2008, 2012).

The mechanisms underpinning the restorative effect of nature
for humans have been extensively studied (Berto, 2005; Haga
et al., 2016; Joye et al., 2016). A widely reported theoretical
point of view is that humans have an innate tendency to
experience positively the contact with natural environments. In
this context, the Biophilia hypothesis is often cited (Wilson,
1984). According to this hypothesis, humans are biologically
prepared to positively respond to the environments with positive
attributes for biological survival (see also Joye and Van den Berg,
2011). Some studies have found that some specific features of
natural stimuli are related to restorative effect. Images of nature
were shown to be rated as more restorative than images of
other types of environments (Berto, 2005). Factors other than
physical stimulus features have been also studied regarding their
restorative effects (Haga et al., 2016; Egner et al., 2020). A number
of different types of auditory and visual stimuli have been found
to be perceived as restorative. Natural sounds have been shown to
help restore mental fatigue (Ratcliffe et al., 2013; Benfield et al.,
2014; Emfield and Neider, 2014; Jahncke et al., 2015).

The empirical findings of the benefits associated to the
exposure to natural environments are often theoretically
explained with two prominent theories (Hartig et al., 1996). The
first theory, the Stress Reduction Theory (SRT; Ulrich, 1983;
Ulrich et al., 1991) put emphasis on psycho-physiological stress,
while the other one, the Attention Restoration Theory (ART;
Kaplan and Kaplan, 1989; Kaplan, 1995), focuses on the cognitive
recovery from directed attention fatigue. The SRT (Ulrich, 1983;
Ulrich et al., 1991) underlines the physiological effect of the

exposure to natural settings. The theory suggests that qualitative
features commonly found in natural settings may directly support
psychophysiological stress recovery, and this may occur because
nature elicits positive effects. The SRT finds its background on
the theories of human evolution: humans may be biologically
prepared to optimally respond to environmental features that
imply possibilities for biological survival, and therefore there may
be an evolutionary basis for aesthetic and restorative responses
to some types of natural scenes. Such theoretical approach is
connected to the Biophilia hypothesis (Wilson, 1984). The ART
(Kaplan and Kaplan, 1989; Kaplan, 1995) put its emphasis on the
ability of natural environments to promote cognitive restoration
and on the positive effect of natural settings on human attentional
fatigue. Researchers have proposed that these two theories may
not be mutually exclusive and that they complement each other
(Hartig et al., 2003), as several studies have found attentional
fatigue and stress to be linked (Cohen and Spacapan, 1978; Ulrich
et al., 1991; Kaplan, 1995; Lepore and Evans, 1996). However,
it has also been argued (see, e.g., Egner et al., 2020) that the
attention restoration produced by nature may be a secondary
effect, primarily dependent on the relaxation.

A considerable number of studies have examined human
health and cognitive functions associated with viewing images,
videos, and other simulations of nature (Ohly et al., 2016;
Stevenson et al., 2018), including in recent years, highly
immersive virtual reality (Browning et al., 2020; Yeo et al.,
2020). However, only a handful of studies have attempted to
understand the brain dynamics in response to natural or non-
natural settings. Kim et al. (2010) employed functional magnetic
resonance imaging (fMRI) to examine the brain areas activated
in response to natural or urban images. Their results revealed
that perception of urban images was associated with an enhanced
activity in the amygdala, an area known to be associated with
impulsivity (Gopal et al., 2013; Kerr et al., 2015), anxiety (Hahn
et al., 2011; Kim et al., 2011), and stress (Veer et al., 2011;
Sripada et al., 2012). The perception of natural scenes was
found to be associated with an increased activity in the anterior
cingulate and insula areas (Kim et al., 2010). These brain areas
were found by previous studies to be related to positive social
behavior (e.g., empathy and altruism, see Fan et al., 2011; Lamm
et al., 2011). Neurophysiological experiments have shown that
exposure to natural environments stimulate brain activity related
to tranquility (Hunter et al., 2010).

Several studies have used electroencephalography (EEG) to
examine brain functional dynamics related to the experience
of natural settings in different frequency bands. The frequency
bands are delta (0.5–4 Hz), theta (4–8 Hz), alpha (8–13 Hz),
beta (13–30 Hz), and gamma (>30 Hz) bands. The alpha activity
has received most attention because it is related to relaxed
state of mind. The alpha waves are understood to be produced
from postsynaptic potentials in a neural network involving the
dorsal anterior cingulate cortex, the anterior insula, the anterior
prefrontal cortex, and the thalamus that is associated with
alertness and attention (Sadaghiani et al., 2010). It has been
suggested that such brain network is responsible for internalized
alertness (Coste and Kleinschmidt, 2016) and is associated with
variations in involuntary attention (Dosenbach et al., 2008). It
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has been proposed that alpha waves recorded using EEG may
be indexes an inhibitory mechanism generated by a thalamic-
cortical loop (Foxe and Snyder, 2011). Several previous studies
have found alpha waves to be modulated while experiencing
natural environments. An increase in alpha power in the EEG
(8–13 Hz) has been found to be a marker of the experience
of natural vs. urban photographs (Ulrich, 1981; Chang et al.,
2008; Grassini et al., 2019). It has also been suggested that the
experience of natural environments is able to modulate brain
activity associated with cognitive-inhibitory mechanisms, and
that this effect is reflected by an increase of alpha brain activity
markedly over the brain’s central areas (Ulrich, 1981; Grassini
et al., 2019). A recent review (Norwood et al., 2019) reported
several studies that connected higher alpha over frontal lobes to
the experience of natural environments or other environmental
settings perceived as positive (Chang and Chen, 2005; Choi et al.,
2015; Chiang et al., 2017; Bailey et al., 2018).

The physiological basis of the beta rhythms has been long
being disputed. It has been proposed that beta waves are
generated in basal ganglia and thalamic structures (Bevan et al.,
2002; Leventhal et al., 2012). Later studies have shown that beta
waves may emerge within internal dynamics of the neocortex that
are dependent on extrinsic synaptic drive originating in other
structures as basal ganglia and thalamus (Sherman et al., 2016).
Beta oscillations have been shown to be associated to the activity
of the motor cortex, to sensory perception, and to selective and
spatial attention (Neuper and Pfurtscheller, 2001; Siegel et al.,
2008; Jones et al., 2010; Miller et al., 2012). Grassini et al. (2019)
found that while viewing nature images increased alpha activity,
the beta activity was at the same time decreased, suggesting
that less attentional resources were used during viewing nature
images, compared to urban ones.

Whereas delta and gamma bands have not received practically
any attention in studies on the psychological effects of nature,
there is some evidence that theta band activity may be modulated
during viewing natural stimuli. Theta activity has been associated
with cognitive control and error processing, and an origin of
increase theta power has been found in the anterior cingulate
cortex (Cavanagh et al., 2010, 2012; Cavanagh and Shackman,
2015). Sahni and Kumar (2020) reported that viewing nature
videos increased both theta and alpha power, suggesting that
natural stimuli provoke a relaxed but alert state of mind.

Other studies have employed EEG as method to estimate the
positive emotions related to the experience of natural settings
(Roe et al., 2013; Aspinall et al., 2015), and their findings
confirmed that natural environments promote more positive
emotions and higher level of relaxation. However, these latter
studies did not directly analyze the EEG data but relied on
the proprietary algorithms of the EEG manufacturer for data
analysis, and therefore is not possible to understand whether
alpha waves were modulated by their experimental conditions.

Non-brain physiological indexes such as heart rate (HR; see
Annerstedt et al., 2013; Yu et al., 2018), heart-rate variability
(HRV; see Park et al., 2007, 2010; Gladwell et al., 2016), and
electrodermal activity (EDA, sometimes referred in the literature
as skin conductance or galvanic skin responses, Alvarsson et al.,
2010; Hedblom et al., 2019; Browning et al., 2020) have been

also used to understand the human physiological response to the
exposure to natural settings.

Heart rate variability (HRV) is defined as the variation in
the intervals between heartbeats. Such physiological index is
often used as an indicator of the activity of the autonomic
nervous system (ANS). Higher HRV has been linked with an
increased adaptability of the ANS and has been proposed to
be associated with positive health factors (Brown et al., 2013).
Several studies have showed that HRV is related to stress and that
different components of HRV can be linked to stressors (for a
review see Kim et al., 2018). Previous studies have shown that
exposure to natural environments increases HRV (Park et al.,
2007, 2010; Gladwell et al., 2016), suggesting that nature exposure
is accompanied with reduced stress and enhanced relaxation.

Electrodermal activity is controlled by the sympathetic
nervous system, and it is modulated by the activity of the skin
sweat glands. EDA is often used to measure psychological or
physiological arousal (Critchley, 2002). Previous studies have
found that EDA is reduced when people are exposed to natural
settings (Alvarsson et al., 2010; Hedblom et al., 2019; Elsadek
et al., 2020). However, the inverse effect has been also found
(Browning et al., 2020), suggesting that other variables or
experimental factors may be contribute to the modulation of EDA
in relation to the exposure to natural settings.

A small number of studies have considered the use of more
than one physiological measure to cross-validate their results
across different methods. The recently published study of Elsadek
et al. (2020) analyzed physiological activity using EDA and EEG
on people looking outside a window facing urban or green spaces.
It found a higher level of alpha waves over the frontal and
occipital brain areas, and a decrease in skin conductance level.
However, this study only offered a limited spatial resolution on
the brain data, due to the low-density EEG equipment using only
four electrodes (two frontal and two occipital). This choice is
probably attributable to the electrode positions provided by the
Emotiv EPOC equipment that was used in the study, but it comes
at odd with the reported localization of alpha increase during
nature exposure, which was revealed to be prevalently over the
central brain areas in the studies of Ulrich (1981) and Grassini
et al. (2019).

One limitation that is shared by many of these studies is
the lack of a control or neutral condition when comparing the
influence of natural and urban environments. The studies that
focus on comparing urban and natural environment (see, e.g.,
Ulrich, 1981; Aspinall et al., 2015; Grassini et al., 2019; Elsadek
et al., 2020) generally fail to answer the question whether the
natural or the urban stimuli are responsible for the reduction/or
increase of physiological arousal (e.g., indexed with EDA) and
modulation of cognitive mechanisms (e.g., indexed using EEG).

The present study aimed to use both brain (EEG) and
non-brain (EDA) indexes (together with subjective evaluations)
to understand physiological dynamics of the interaction with
natural settings. This was done in a laboratory setting,
where videos of nature (without audio) were showed to the
participants while biological signals were recorded. Furthermore,
we attempted to understand whether urban environments
or natural environments were responsible for an eventual
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modulation of physiological brain and non-brain activity by
adding control condition to the experiment. Our hypotheses
were that the vision of nature video would modulate brain early
alpha waves recorded over the central brain areas as shown in
previous lab-controlled studies employing static images (Ulrich,
1981; Grassini et al., 2019). We did not have a hypothesis about
whether nature or urban environment would be responsible of
such effect when compared to a neutral stimulation. We expected
EDA to be reduced when watching nature videos, but we had no
preliminary hypothesis about whether the effect would be more
pronounced versus neutral or urban videos.

MATERIALS AND METHODS

Participants
Twenty-four neurologically healthy students with normal or
corrected-to-normal vision participated in the study (mean
age = 24.8, SD = 5.1, range = 19–36 years, ten men). They
were selected from the pool of participants from the introductory
psychology courses in University of Turku. The students
received course credits as reward for their participation. The
experiment was conducted in accordance with the Declaration
of Helsinki and with the understanding and written consent of
each participant and was approved by the Ethics Committee
for Human Sciences at the University of Turku. Before the
experimental session, the participants were asked to read an
information sheet on the experiment, to read and sign the
informed consent, and to self-assess their handedness. Only
students reporting to be right-handed were tested. The sample
size was determined based on the observed effect and n
from previously published EEG studies on brain activity in
response to environmental exposure (Grassini et al., 2019).
The number of participants recruited for our study is also
in line with recent investigations on the relationship between
participants number and EEG data reliability for relatively long
tasks during EEG recording (Vozzi et al., 2021). Data from
two participants were excluded from the analysis of cognitive
task (digit-span backward scores), and two were excluded
from the analysis of the EDA data due to technical issues in
data collection.

Stimuli and Procedure
The stimuli consisted of videos depicting natural, urban, or
neutral settings (referred hereinafter as the three experimental
conditions). A total of nine videos per condition were selected
by the study authors. Every participant was exposed to four
consecutive videos of the same environment type (natural,
urban, or neutral) before passing to four consecutive videos
of another environment, and four consecutive videos of the
last environment. The four videos for each environment type
were selected randomly among the nine available videos. The
order of the experimental conditions (i.e., environment type)
was randomized across participants. Every video lasted for
3 min, for a total of 12 min of exposure per each experimental
condition. Natural settings videos depicted a variety of natural
environments, among those, mountain lakes, beaches, forest, and

fields. Urban environment videos showed city-like landscapes,
and depicted for example traffic, buildings, and other types of
common environments displaying urban or industrial buildings.
Urban videos contained eventually some natural elements (e.g.,
threes on the edges of a street, or a city seaside view). Natural
videos were selected appositely to avoid any type of non-natural
element. The videos were selected from material retrieved from
the internet. The authors SG and GS selected independently a
list of suitable videos, and together reviewed and chose those
that were judged as the most appropriate for the present study.
Criteria that were used to selecting the videos were: high
enough quality of details, absence of numbers/words in the
environment, absence of close-ups of people/faces. Furthermore,
markedly unpleasant urban environments were avoided, trying
not to suggest a strong judgment bias to the participants. For
the neutral setting condition, lines depicting slowly changing
colorful shapes or patch of colors were selected, alike those
often used in computer screensavers. All videos were displayed
with a resolution of 1920 × 1080 pixels, and a frame rate
of 24 frames/second, and were viewed at around 2 m of
distance on a 17-inch LCD screen. After each video, the word
“relaxing” was presented on screen and the participants rated
how relaxing (from 1 to 9; 1 = not at all, 9 = very much) they
found the video. The “relax” score for each condition was then
averaged across videos of the same type for each participant.
The experiment was run using E-prime 2. Figure 1 shows an
exemplification of the stimuli used in the experiment and the
experimental procedure.

After each condition (i.e., block of four-videos), the
participants were asked to perform a digitalized visual version
of the Digit Span Backward Task (DSB). After the participants
had been instructed to the task, they were asked to perform the
DSB before the beginning of the experiment. This was done to
allow the participants to familiarize with the task. In the DSB,
a series of digits were displayed on the screen, following one
another. The digit displayed were randomly chosen from 1 to 9.
Participants were instructed to recall the digits backward (e.g.,
if “3, 4, 5” were presented, the subject had to press the keys “5,
4, 3” using the keyboard). In the case the task was successful
for two times in a row, participants were then asked to perform
the task again with a longer list of digits. The task started with
only 2 digits, and the participants could go to indefinitely long
list of digits according with their performance. The digit list
was made longer until the point when participant failed to
inversely recall the list for two succeeding trials. The score for
each participant was calculated on the length of the longest list
the participant successfully performed. The DSB task aimed
to detect cognitive restorative effect from the exposure to the
videos (working memory). Several studies have implemented
this type of cognitive task to assess the restorative effect arising
from the exposure to natural settings (Ohly et al., 2016 for
a review). The subjects were presented with a computerized,
visual version of the DSB [similarly to the one used in Grassini
et al. (2019)], and participants were instructed to perform the
task using a keyboard. However, it is worth nothing that the
commonly used DSB task generally uses vocal stimuli and verbal
response recall. Previous studies have also used a computerized
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FIGURE 1 | Example of the experimental procedure. In this example, four videos of the neutral condition are followed by four videos of the nature conditions, and
four videos of the urban condition concluded the experimental session. Each condition was composed of four 3-min videos.

version of the DSB to successfully assess working memory
(AuBuchon et al., 2015).

Electroencephalography
Electroencephalographic brain activity was assessed at 64 sensors
placed according to the international 10–10 electrode system. The
electrodes were placed on the head using a sintered Ag/AgCl
cap featuring active electrodes (Easycap GmbH, Herrsching,
Germany). NeurOne 1.3.1.26 software and Tesla #MRI 2013011
and #MRI 2013012 amplifiers (Bittium Corporation, Oulu,
Finland) were used for data collection. Signal was referenced
online to Cz, and the ground electrode was placed on position
AFz. The recording sampling rate was set to 500 Hz.

Electroencephalography data was processed offline using
MATLAB (v. R2019a; The MathWorks, Inc., Natick, MA,
United States) and with the EEGLAB toolbox version v2021.0
(Delorme and Makeig, 2004). Intervals between the videos (where
the participants were asked to answer a question on their
subjective evaluation of the latest video) were removed from
the recorded signal. Data was high-pass filtered at 1 Hz with
a Hamming windowed-sinc FIR filter (“pop_eegfiltnew”). Line
noise was removed using the cleanLineNoise function included
in the PREP pipeline toolbox v. 0.55.4 (Bigdely-Shamlo et al.,
2015). Artifactual data in the continuous EEG recording and
bad electrodes were then automatically attenuated or removed
using the Artifact Subspace Reconstruction method implemented
in the Clean Rawdata plug-in (“clean_rawdata,” Kothe, 2013;
Piazza et al., 2016). Removed electrodes were interpolated
using spherical interpolation, and data was then re-referenced
to average. EEG data was submitted to extended Infomax
independent component analysis (ICA, “pop_runica.m”) to
detect and afterward remove non-neural activity (eye and
muscle movements). An automatic component classifier method
(Multiple Artifact Rejection Algorithm: MARA; Winkler et al.,
2014) was used to automatically identify and eliminate artifactual
independent components.

The EEG data pre-processing pipeline was created adapting
the suggestions reported in Miyakoshi (2021). Power Spectra
Density (PSD) was computed using the EEGLAB spectopo
function (pwelch, see Welch, 1967), and the data was analyzed
over segments of 2 s, with a 50% overlap between segments

(hamming window, zero-padding to 1024 data-point epochs
length). Average values of PSDs for each of the experimental
conditions, for all the EEG electrodes, and for all the frequencies
from 2 to 30 Hz were obtained, to be able to have an overview of
the activity for delta, theta, alpha, and beta waves.

Electrodermal Activity
Electrodermal activity was measured using an electrode couples
connected (long finger and index finger on the palmar side) to
a wireless handcuff placed on the left, non-dominant hand. The
recording baseline was individually adjusted using the Biopac
default function for each participant prior to the experiment.
The equipment used was the Biopac MP150 recording system
(Biopac Systems, Inc., Goleta, CA, United States) and the
amplifier BN-PPGED-R with 16-bit resolution and a sampling
rate of 2 kHz. Participants were asked to avoid movements
and to keep the left hand as still and relaxed as possible. The
EDA data was operationalized computing two different variables
exploring different aspects of the activity of sympathetic nervous
system, the skin conductance level (SCL), and the number
of skin conductance responses (SCRs). The SCL shows tonic
and long-lasting activity of the sympathetic nervous system,
while SCRs indicate phasic activity reflecting the number of
stimulated nerve impulses regulating the secretion of sweat
(Benedek and Kaernbach, 2010). SCRs were analyzed using
the MATLAB Ledalab toolbox (Ledalab 3.4.9; Benedek and
Kaernbach, 2010). Signal was first down-sampled (factor mean
function) to 10 Hz, and then analyzed using continuous
decomposition analyses (extraction of continuous phasic/tonic
activity). The number of SCRs (during each of the videos) were
then computed (amplitude threshold for inclusion of phasic
responses = 0.01 µS), and absolute values were then exported
for each participant. Average tonic SCL amplitude for each of
the experimental conditions was also exported (µS). Results for
videos of the same category (natural, urban, neutral/control),
where averaged together, to obtain a unique index per each
condition and for each participant.

Statistical Analyses
Electroencephalography results were analyzed using the data
analysis package integrated in the EEGLAB study function.
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The difference between the three experimental conditions were
first analyzed for the early alpha waves (8–11 Hz), as brain
waves at these frequencies were found to be the most affected
by the presentation of natural vs. non-natural sceneries in
static photos (Grassini et al., 2019). The differences in the
low alpha waves (PSD) were analyzed for all the electrodes.
In computing statistic for the scalp topography, the presented
exact p-values were obtained with parametric ANOVAs, while
multiple comparisons were corrected with spatial clustering,
using the traditional threshold of significance level of p < 0.05
(method: triangulation, cluster statistic: maxsum) as provided
in the Matlab toolbox Fieldtrip (Fieldtrip Lite v20210330).
Repeated-measures ANOVA was computed using experimental
conditions (3) as factor, and post hoc t-tests were computed
to study differences of activity in low alpha between the
experimental conditions.

To control for the specificity of the effect for early-alpha waves
(as reported in previous studies, see, e.g., Grassini et al., 2019),
a further analysis in the wave-spectral domain was performed for
two cluster of electrodes (central and occipital) that were reported
to show prominent effects in processing. Therefore, PSD values
for the electrodes placed over the center-frontal (electrodes FCz,
FC1, and FC2 – central cluster) and center-occipital (electrodes
Oz, O1, and O2 – occipital cluster) were averaged for each
participant separately for the three experimental conditions, and
the values compared over the spectral domain using an ANOVA
and post hoc t-tests.

IBM SPSS v. 26 was used for the rest of the statistical
analyses. Data from the subjective evaluations of the videos
were analyzed using a repeated-measures ANOVA comparing the
mean relaxation ratings between the three different experimental
conditions, the statistically significant effects followed by

pair-wise comparisons with two-tailed t-tests. Analyses of EDA
and DSB were computed in the same way. For these analyses,
when the data sphericity assumption was violated, Greenhouse–
Geisser corrected p-values were reported.

RESULTS

Subjective Ratings
The relaxation ratings given after each of the four
videos/condition were averaged to obtain a single score for
each of the three experimental conditions. The scores ranged
from a minimum of 1 to a maximum of 9. Figure 2 shows the
descriptive results for behavioral data. The one-way ANOVA
showed that the perception of relaxation differed between the
conditions, F(2,46) = 43.05, p < 0.001, e2 = 0.652. Post hoc
t-tests revealed that natural environment videos were rated as
the most relaxing and differed statistically both from the neutral
(p < 0.001) and urban (p < 0.001) ones. Ratings did not differ
between neutral and urban environments (p= 0.184).

Digit Span Backward Task
ANOVA analysis showed that there were not statistically
significant differences between the DSB task scores between
the experimental conditions (p = 0.189). Descriptive data are
reported in Figure 3.

Electroencephalography
Oscillatory activity during the display of the videos (3) were
compared for every recorded electrode (64), and for the
early-alpha frequency band (from 8 to 11 Hz). Figure 4

FIGURE 2 | Descriptive data from subjective responses for neutral, nature, and urban experimental condition. Error bars show standard deviations (SD).
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FIGURE 3 | Descriptive data from the DSB task for neutral, nature, and urban
experimental condition. Error bars show standard deviations (SD).

(top panel) shows raw values and the results from the one-
way ANOVA comparing the three experimental conditions.
Visual inspection of the raw scores revealed that in low
alpha waves frequencies, brain activity was generally higher
across all the scalp during the videos displaying natural
environments, compared with other conditions, while the neutral
environment videos promoted the lowest level of early-alpha
across all the scalp areas. Statistical analyses showed that
the three experimental conditions differed, in the low alpha
spectrum, over occipital-temporal and central sensors. Post hoc
t-tests (Figure 4 bottom panel) showed that videos of natural
environments enhanced the production of early-alpha waves vs.
neutral videos (over occipital-temporal areas), and vs. urban
videos (over central-frontal areas). No statistically significant
differences were revealed for any electrodes between neutral and
urban conditions.

Based on the differences revealed by the ANOVA in the
previous analyses, two electrode cluster were individuated
(central and occipital) and the signal was analyzed in the spectral
domain from 2 to 30 Hz. This analysis aimed to study whether the
effects of viewing nature videos on spectral power was restricted
specifically to the lower alpha band or whether they could
be observed also in other frequencies. For the central cluster
(Figure 5), the ANOVA showed that the three experimental
conditions differed in early alpha (8–9 Hz) as well as in late
theta (7–8 Hz) activity. Nature videos increased waves both in the
early alpha and late theta, as compared with neutral and urban
videos. Urban and neutral conditions differed only in slow theta
frequencies between 5 and 6 Hz. Average values and distribution
are shown in Figure 6.

For the occipital cluster (Figure 7), ANOVA showed that the
three experimental conditions differed in early alpha (from 8
up to 11 Hz) as well as in early delta (2–4 Hz), and late alpha
(11–13 Hz) up to early beta waves (13–15 Hz). Nature videos
promoted higher alpha and early theta waves vs. the neutral
videos in early delta (2–4 Hz), late theta (7–8), early and late alpha
(8–13 Hz), as well as in early beta (13–15 Hz). No differences

were found between nature and urban conditions. Urban videos
showed to promote early-delta (2–4 Hz), late-alpha (11–13 Hz),
and early-beta waves (13–15 Hz) compared to neutral ones.
Average values and distribution are shown in Figure 8.

Electrodermal Activity
The number of SCRs recorded for each of the experimental
conditions were averaged and a singular numerical score was
obtained for each condition. EDA – SCR scores were of 198.33
(SD = 32.57) for nature videos, 200.65 (SD = 33.53) nSCR for
neutral videos, and 201.61 (SD = 33.86) for urban videos. One-
way ANOVA showed that phasic activity SCRs did not differ
between the three types of videos, p = 0.068 (Figure 6, left
chart). Data for the tonic EDA (SCL) was averaged and analyzed
in the same way as that for SCRs. EDA – SCL scores were of
1.43 (SD = 0.48) µS for nature videos, 1.49 (SD = 0.49) µS for
neutral videos, and 1.39 (SD = −51) for urban videos. One-way
ANOVA detected a statistically significant difference between the
experimental conditions, F(2,42) = 3.45, p = 0.041. Post hoc
t-tests, revealed that the lowest tonic activity was recorded in
response to urban videos, and it statistically differed from the
tonic activity recorded during the vision of the neutral videos
(p = 0.025) but not from tonic activity related to the vision of
nature videos (p = 0.256). Nature videos produced the second
lowest level of EDA-SCL, but it did not differ from the one
associated with neutral videos (p = 0.146). Data averages and
distribution is shown in Figure 9.

DISCUSSION

Even though it is widely acknowledged in the scientific literature
that natural environments provide restoration and promote
positive feelings (Kaplan and Kaplan, 1989; Hartig et al., 2014),
it is still unknown how this exactly happens, or which biological
processes are mediating the restorative effects.

The recently published studies of Grassini et al. (2019) and
Elsadek et al. (2020) showed that exposure to natural settings,
either real or in digitalized form, modulates brain activity
and non-brain physiological responses, in line with results
from older studies (Ulrich, 1981). Importantly, the reported
EEG data pointed out that exposure to natural setting may
be associated to an increase in brain alpha waves (especially
early-alphas), that was hypothetically attributed to a down-
modulation of attentional and cognitive processes (Grassini
et al., 2019). Other studies have found that alpha-waves are
associated to the experience of environments with positive values
(Chang and Chen, 2005; Choi et al., 2015; Chiang et al., 2017;
Bailey et al., 2018).

The present study aimed to confirm previous findings using
more immersive scenes compared to some of the previous
studies (Ulrich, 1981; Chang et al., 2008; Grassini et al., 2019).
Furthermore, the present study aimed to compare EEG and
EDA activity in response to nature environment not only to
urban environments (as commonly done in this field of research),
but also to a control condition. In this way we attempted
to understand if the effect of modulation of physiological
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FIGURE 4 | Spatial distribution of power spectral density for early-alpha frequency band (8–11 Hz). The top panel shows the power spectral density for the three
experimental conditions (neutral, nature, and urban videos). On the top-right side, the results from the ANOVA showing in red the electrodes where ps < 0.05. The
bottom panel show the results of the post hoc t-tests.

arousal (measured using EDA) and EEG early alpha waves
were modulated for the natural or for the urban environment
compared to the control condition.

In the present experiment we recorded EEG and electrodermal
activity while the participants viewed passively a series of scenes
from natural, urban, or “control” environments. The control
environment was obtained using computerized non-realistic
scenes. After viewing each video, the participants were asked
to self-report how relaxing they found the video. In line with
several previous findings, participants rated as more relaxing
the presentation of natural environments compared to those of
urban environments. Ratings of perceived relaxation did not
differ between neutral and urban environments video.

Our results are in line with our prediction concerning the
modulation of early-alpha waves during the experience of videos
of natural environments. The distribution of the early-alpha
waves modulation showed to be mainly over central brain areas,
in line with the findings of Ulrich (1981) and Grassini et al.
(2019). The analyzed central early-alpha activity in response
to the control condition videos did not differ from the one
in urban videos, arguing for the early-alpha wave effect to
be driven by the nature condition and not by the urban

one. This finding may have important theoretical and practical
implication: the scientific literature – especially the one on
psychopathology (Van Os, 2004; McKenzie et al., 2013) – has
often been focused on the detrimental role of urban settings
on human health, instead of speculating for an “opposite”
effect of the benefits driven instead from the exposure to
natural environments.

Visual examination of spectral power density patterns in
the scalp topographic activity map showed that the difference
in early-alphas was not limited to the central brain areas but
extended also for the activity recorded over the occipital-central
brain area. We performed exploratory analysis for this brain area,
and we found similar patterns than those for the centralized
alpha activity. However, in this case the difference between the
conditions extended more toward the beta powers, and brain
activity in response to nature and urban videos were very similar
over all the frequency spectra, while different from the activity
recorded for the control condition. A speculative explanation
may be related to the very different visual content (fast lines and
colors) of the neutral condition, which may be able to modulate
in a very different manner the visual cortex compared to the other
two more slowly changing and realistic experimental conditions.
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FIGURE 5 | The top of the figure presents the values of spectral power obtained averaging the values for the electrodes placed over the central brain area. The
frequency (X-axis) and spectral power (Y-axis) for the three experimental conditions (neutral, nature, and urban videos). The bottom of the figure shows the results of
ANOVA and t-tests on the differences between the conditions on the spectral power for each frequency from 2 to 30 Hz. The black color shows the frequency values
in which the spectral power values were statistically different between the conditions.

Further visual inspection of the brainwaves pattern in
graphical presentation of the power density × frequency
analyses for the central cluster revealed that, alike early-alpha,
a difference between the condition was also shown in late-
theta spectral power density. This difference may be because
of the higher perceived relaxation in response to the nature
video condition. Several investigations have found that both
alpha and theta power are associated to the activities of
mindfulness and meditation (Aftanas and Golocheikine, 2001;
Lagopoulos et al., 2009; Lomas et al., 2015), and therefore
these brain waves may be both modulated in the same way
during nature experiences in response to a relaxation and
positive emotions. This effect seems to be in line with two
recent studies [the lab-study of Sahni and Kumar (2020),
and the real-life static exposure study of Chen et al. (2020)]
showing that nature videos may modulate both alpha and
theta power.

A recent study (Hopman et al., 2020) recorded resting state
EEG brain activity before, during, and after a long, multi-day trip
as exposure to natural environment. The researchers reported
that posterior alpha power was significantly lower during the
nature exposure when compared to measures taken before and
after the visit to the natural environment. The authors did
not analyze alpha waves over the central brain as such brain
area was outside their a-priori brain region of interest, and

therefore it is not possible from their data to understand the alpha
modulation over the central brain. However, their midfrontal
electrodes showed the same pattern reported from the posterior
alpha power. These results show an opposite pattern compared to
ours where instead exposure to natural settings increased alpha

FIGURE 6 | Early alpha waves power density values as recorded (averaged)
over the central cluster for neutral, nature, and urban experimental conditions.
Error bars show standard deviations (SD).
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FIGURE 7 | The top of the figure presents the values of spectral power obtained averaging the values for the electrodes placed over the occipital brain area. The
frequency (X-axis) and spectral power (Y-axis) for the three experimental conditions (neutral, nature, and urban videos). The bottom of the figure shows the results of
ANOVA and t-tests for the difference between the conditions on the spectral power for each frequency from 2 to 30 Hz. Black color shows the frequency values in
which the spectral power values were statistically different between the conditions.

power over most of the brain, and especially as recorded over
central and occipital brain areas. Such difference in results may
be due to the different types of exposure to natural environments
and different level of multi-sensory perception and integration.
One should note that Hopman et al. (2020) did not include a

FIGURE 8 | Early alpha waves power density values as recorded (averaged)
over the occipital cluster for neutral, nature, and urban experimental
conditions. Error bars show standard deviations (SD).

similar multi-day trip to urban or other non-natural environment
as a control condition. However, our lab experiment was more
controlled than the experiment of Hopman et al. (2020), and
the trip in natural settings intervention that they provided in
their experiment may have brought with it several uncontrolled
factors that may have affected physiological responses (e.g.,
familiarity with the visited environment, activities specific to
the trip, moods/affections/stressors modulated by the trip, etc.).
Therefore, it is not clear what explains the differences between
our results [and similar results reported by earliest studies of
Ulrich (1981) and Grassini et al. (2019)] and the results reported
in Hopman et al. (2020).

The increase in alpha waves observed in our experiment
suggests that the experience of nature video may be related to
an increase activity of the inhibitory mechanism related to the
activity of the thalamic-cortical circuit (Foxe and Snyder, 2011).
In inhibiting attentional mechanisms, natural environments
could be mediating stress reduction. The increase of theta activity
over the mid-frontal brain areas during the vision of videos
containing natural scenery may be related to increased cognitive
control (Cooper et al., 2015). Cognitive control has been as
well may have been related to stress (De Lissnyder et al., 2012).
Both alpha and theta waves have been shown to be related
to psychological states promoting relaxation as in the case
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FIGURE 9 | Electrodermal activity in neutral, nature, and urban experimental conditions. Error bars show standard deviations (SD).

of different types of meditation and mindfulness practices
(Aftanas and Golocheikine, 2001; Lagopoulos et al., 2009;
Lomas et al., 2015).

Statistical analyses for SCRs did not show any statistically
significant differences between the studied conditions. Analyses
for SCL showed that the lowest level of tonic activity was
recorded during the urban videos, but the follow-up t-tests
showed that the difference was statistically significant only in
the comparison against the neutral condition. These findings
are difficult to explain and are against the expected results
(Alvarsson et al., 2010; Hedblom et al., 2019). However, recent
studies have also reported heterogeneous findings regarding
the modulation of EDA in response to natural environments
(Browning et al., 2020). Some experimental characteristics (e.g.,
participants engagement, salience of the stimuli, etc.) may be
modulating EDA in ways that were not experimentally controlled.
Furthermore, it is possible that a more immersive stimulation
(e.g., experiencing multi-sensory natural stimuli) may be more
effective in modulating EDA, as compared with the videos in
experimentally controlled settings.

Contrarily with some previous investigations [as reported in
the review of Ohly et al. (2016)], the DSB task did not show
an increase in performance after exposure to nature (but see
Grassini et al., 2019). Nevertheless, in many of the previous
studies revealing this effect the participants were exposed to a
real and multi-sensorial experience of nature (e.g., exposure to
real natural settings) of a long duration and generally connected
with a physical activity in nature (e.g., walking, see Berman et al.,
2008; Berman et al., 2012). The short duration of our exposure
to natural stimuli, or the lack of a task involving physical activity
during the exposure, may have affected the measurable effect of
restoration in the DSB task. In our study, the relatively low level
of immersion provided by digitalized videos, the short exposure
to natural settings provided by the experimental setting, and the
possible nuisance of wearing the EEG cap and EDA sensors, may
have compromised the possibility of natural scenes to provide
attention restoration. Furthermore, many of the previous studies
showing attention restoration after nature exposure had given
cognitive stressors to their participants prior to the experimental
session, to give the possibility for cognitive restoration to baseline
to happen. As no stressor was given to our participants, their

baseline level of cognitive load may have been low enough and
not allowing to detect eventual cognitive restorative effects of the
exposure to nature videos. Also, the effect sizes reported in studies
reporting DSB changes in response to environmental exposure
are generally small, and therefore the present study was probably
underpowered to detect these cognitive effects.

Additionally, the DSB used in our experiment was digitalized
and visual, while the most used type of DSB in the literature has
been auditory and with verbal responses (see, e.g., Berman et al.,
2008, 2012). However, please note that previous studies have also
used the type of DSB employed in the present investigation (see
AuBuchon et al., 2015; Grassini et al., 2019). We cannot exclude
that a different type of sensory stimulation or the different
modality of administration of the test may influence the ability
of the test to detect cognitive restoration.

The main limitation of the present study was that brain activity
may be modulated by uncontrolled factors (e.g., colors, shapes,
presence of moving items, etc.) systematically affecting one of
the other experimental conditions. Furthermore, the “neutral”
condition may arguably not be neutral but depicting man-made
computerized objects which are processed similarly to urban ones
(e.g., for some uncontrolled low-level visual similarities, such
as sharp shapes).

CONCLUSION

The results presented in our study, together with the ones
presented in previous investigations (Ulrich, 1981; Grassini et al.,
2019; Sahni and Kumar, 2020), showed that experiencing natural
environments in various real or computerize forms produces
measurable and reliable brain activity markers which are known
to be related to cognitive and emotional restorative processes
(Aftanas and Golocheikine, 2001; Lagopoulos et al., 2009; Baijal
and Srinivasan, 2010). Therefore, they can be argued to promote
restorative processes. The present study shows that even a
type of nature visualization providing a relatively low-level of
immersion – as videos – may be enough to promote some level
of restoration. The presented results showed that brain activity –
especially early-alpha waves recorded over the central brain –
may represent a reliable index for nature-induced restoration,
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strengthening previous findings. On the other hand, contrarily
to our expectations but in line with some recent literature, EDA-
related indexes were not able to detect nature-induced restoration
in our experimental setting. Differently to most previous studies
on the topic, our investigation has the advantage of employing
simultaneously both physiological and psychological methods
to understand restorative processes during a lab-controlled
exposure to videos, featuring both brain (EEG) and non-brain
(EDA) physiological measures, and both self-assessment (relax
rating of the videos), and behavioral test (DSB scores). In
our knowledge, our study is one of the first ones attempting
to understand if the positive effects reported in connection
with natural experience may be driven by detrimental effect of
urban settings or by proprieties of natural settings, our results
supporting the latter alternative.
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The challenge of compassion in
predator conservation

Simon Pooley1,2*

1Department of Geography, Birkbeck, University of London, London, United Kingdom, 2School of

Life Sciences, University of KwaZulu-Natal, Scottsville, South Africa

This paper argues that compassion for wild animals and the humans living

alongside them should be integral to wildlife conservation. Nowhere is this

more apparent than in predator conservation, and case studies are used to

explore the consequences of wild animal attacks for human victims. Some

arguments for extending compassionate consideration to animals seen as

individuals are considered, along with the challenges these pose for predator

conservation. A way forward from this apparent impasse is suggested, drawing

on the capacity approach to embrace human with animal actors. The paper

concludes with implications for predator conservation and recommendations,

including incident responses sensitive to the traumatic impacts of attacks, and

more collaborative approaches to handling human-wildlife interactions taking

account of the capacities of local humans and wildlife.

KEYWORDS

human-wildlife conflict, coexistence, predators, crocodiles, compassion, ethics

Introduction

Consideration of the impacts of conserving wildlife on locals has emerged into the

mainstream in conservation since the 1990s in the case of (in particular) indigenous

peoples (Posey, 1999), and others sharing landscapes with wildlife. In the case of

individual wild animals, this emerges into conservation specifically in the 2010s (e.g.,

Paquet and Darimont, 2010; Wallach et al., 2018), with deeper roots in animal rights

thinking (Singer 1975) and what are loosely termed “animal studies” and “human-

animal studies” (Echeverri et al., 2018). In this paper, I will address the need for

compassion in conservation science through the lens of human-wildlife conflicts and

coexistence, specifically. I will first draw on case studies from my research on human-

crocodilian interactions to demonstrate the challenges of conserving dangerous animals,

in particular for those who must share landscapes with them, and reflect on the role

of the conservationist and the need for compassion for victims of wildlife attacks. I

will then consider the awkward question of whether animals or humans should be

prioritized for compassion in conservation. And if animals should be accorded respect

and ethical consideration, how can this be done without paralyzing conservation action?

I will conclude with the recommendation that ethical conservation research, policy and

practice requires thinking of human-animal communities in interaction: compassion for

animals with humans, not animals or humans.

Background

Working to conserve large predators like the Nile crocodile (Crocodylus niloticus)

and the mugger crocodile (C. palustris) brings responsibilities. Successful conservation

of these species, which are seldom confined to protected areas, brings consequences for
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those sharing landscapes with them, and for both of these

species across their extensive ranges, far more habitat lies

outside of protected areas than within (Choudhury and de

Silva, 2013; Isberg et al., 2019). To date conservationists have

responded to this kind of challenge through a focus onmanaging

negative interactions, and providing incentives to tolerate them–

in the case of crocodilians, though providing economic benefits

through commercial farming and ranching, and ecotourism,

and through education about the ecological importance of

crocodilians. A toolkit of strategies for mitigating crocodile

attacks on humans and livestock has been developed (CSG,

2022a,b).

The human dimensions of conflicts involving wildlife have

emerged as a major conservation concern since the 2010s.

This includes explicitly addressing the indirect impacts (e.g.,

fear, opportunity costs) of living with wildlife for locals (Barua

et al., 2013). The IUCN initiated a Task Force on Human-

Wildlife Conflict in 2016, which evolved into a permanent

Specialist Group on Human-Wildlife Conflict and Coexistence

in 2022. Research on coexistence focuses on the experiences and

perspectives of those sharing landscapes with wildlife outside of

protected areas (Pooley et al., 2022).

There has been some work on the social and cultural

dimensions of human-crocodilian relations (e.g., Pooley, 2016;

Brackhane et al., 2019). However, as is the case for many large

predators, there has been little attention focused on the personal

and social impacts of traumatic encounters with crocodilians.

One exception is Chowdhury et al. (2013) study of what they call

Post Traumatic Eco-Stress Disorder in India’s Sundarban Delta,

including attacks by tigers, sharks and crocodiles.

While I don’t wish to develop a conceptual framework for

thinking through compassion in conservation in this short piece,

I feel that, particularly for consideration of specific challenges

around the treatment of animals, Amartya Sen’s capabilities

approach as developed by Martha Nussbaum provides a

useful framework. When considering humans impacted upon

by wildlife, this provides the possibility of avoiding cultural

relativism on the one hand, and a dictatorial approach insisting

on universal rights and values on the other (as IPBES have found,

the latter is both unethical and impractical; IPBES, 2019).

Nussbaum’s approach is predicated on the idea that all

humans should have the freedom to achieve wellbeing. There

are ten capabilities (possibilities of functioning people have a

realistic possibility of achieving) which all humans should have

the right to fulfill, should they choose to. These include life,

bodily health and integrity, the ability to sense, imagine and

think, feel a range of emotions including love, grief and anger,

apply practical reason and reflect on life, affiliate with whom

one chooses, have concern for nature and other species, play,

and have control over one’s environment (Robyns and Byskov,

2020). An ethical approach to conservation, in this view, requires

consideration of whether policies and interventions will enable

or impinge on these capabilities.

Shifting from studying victims as data, to
engaging with victims’ experiences

My research trajectory began with building a long-term

database of crocodile attacks in South Africa and eSwatini, to

look for patterns and causal links emerging from the aggregated

data (Pooley et al., 2019). While doing so I read media stories

written at the time of the attacks, and became very aware of the

traumatic nature of such attacks. This led me to wonder what

the longer term consequences were. The only obvious way to

investigate this was to travel to meet victims or their families and

friends, which I began to do in the early 2010s.

It was obvious that such encounters must be very sensitively

approached and conducted. I was aware that for many attack

survivors, or the relatives of those who were killed, the story–

as presented in the media, and “resolved” by conservationists

through dealing with the problem crocodile or where available

providing compensation–was not over. Many had either

lost someone close to them, of great importance in their

personal lives, with emotional and social and often economic

consequences, or suffered life-changing injuries.

If I was advocating the survival of crocodilians in the habitats

which they shared (and increasingly share, as climate change,

demographic change and land conversion for agriculture and

other uses pushes people into formerly uninhabited wetlands)

with humans and their livestock, then I needed to understand

the consequences for those on the “sharp end” of crocodilian

conservation. I began by researching media reports and

literature in attacks in more detail, but then by tracking down

and interviewing victims in South Africa and eSwatini.

Then, in 2019, I was hosted by Anirudhkumar Vasava

and Dhaval Patel of the Vidyanagar Nature Conservancy

(VNC) in Gujarat India, to explore human-mugger conflict and

coexistence (see Vasava et al., 2015). We traveled around the

Charotar region (in Anand and Kheda districts) with Vishal

Mistry, Niyati Patel and VNC colleagues, and then in Vadodara

District with mugger expert Dr Raju Vyas. In this exploratory

visit, we traveled to 19 villages and numerous wetlands to speak

with victims of mugger attacks (Pooley et al., 2020).

In this paper I will choose just seven case studies (see

Supplementary material for a table of interviews) from these

travels and interviews, to illustrate the range of consequences

traumatic encounters with predators can have, and highlight

the need for compassion in conservation. These are the stories

of poor rural people after the sensational event of their being

attacked, and the consequences for their lives after themedia and

the authorities have lost interest in them. My purposes in talking

to them were fully explained, and informed consent obtained.

All of those discussed here wanted their stories told, and did

not want anonymity. My argument is that conservationists must

never lose interest in them. Further, I would urge psychologists

and others to focus far more interest on studying trauma

including PTSD in the victims of attacks by wild animals.
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Case studies

Sihle Sibonelo Hlatjwako

On 28 March, 2018, I interviewed Sihle Sibonelo Hlatjwako

at her homestead near the Mbuluzi River, north of Simunye

in northeastern eSwatini (formerly Swaziland). Sihle was then

an 18-year-old schoolgirl, in her penultimate year of school. In

January 2018, Sihle had been washing clothes in the river below

the homestead, when a crocodile seized by her by the wrist and

pulled her into the river. She struggled, being submerged and re-

surfacing five times, before managing to grab onto some reeds

and scream for help. She was rescued by two brave teenage boys.

Although game reserve staff were quickly on hand, the family

waited for the police to fetch Sihle and take her to hospital. It

was explained that those who can’t afford to pay only get free

treatment if the police bring you to hospital.

Sihle was in some sense lucky to escape with her life, and only

damage to her wrist. However, months after the attack, the skin

graft was very visible, and she had not recovered full use of her

left hand. The Nkomo family, with whom she lives, are very poor

and couldn’t afford to both pay school fees and physio treatment

to help her regain use of her hand. They therefore decided to pay

for her treatment, and took her out of school. Sihle is a bright

girl, and once her shyness had worn off, we spoke in English.

Remarkably, she bore the crocodile no ill will, and regarded the

attack as an unfortunate accident. She was very interested in

learning about crocodiles, and I gave her a booklet and poster

I have developed.

The point of this case study is, primarily, that this brave

girl will almost certainly never complete school. Of passing

interest to the press, the attack was regarded as “minor” and

there is no compensation paid for such attacks. For a poor girl

from a rural background, this event has seriously limited her

future life possibilities, and leaves her with a partial disability.

It is unsurprising that locals resent the presence of crocodiles

which are protected animals, dislike the lack of control over their

environment in not being able to deal with crocodiles, and hold

conservationists responsible for preventing attacks.

Vikram Gohil

On 27 September 2019, I interviewed a young man named

Vikram Gohil on the edge of the wetland of Deva village,

Anand District, Gujarat State in India. Almost exactly a year

previously, he had swum out into the pond to help one of his

water buffalo which had become entangled in water hyacinth. He

was neck-deep when a mugger seized him by the shoulder. He

struggled, but it wouldn’t let go, and another two small mugger

also approached, though did no damage beyond scratches. He

managed to struggle to shore, where the mugger left him.

Vikram belongs to the Waghri community, and though he

received treatment at the government hospitals in Deva and

Vasol, he claims that it was traditional medicine (monitor lizard

fat) that healed him.While physically, the only traces of Vikram’s

encounter are scars, he is clearly still psychologically troubled

by the attack. He is now afraid of the water, and believes that

the mugger, having tasted his blood, will attack him if he enters

the pond. At the same time, he doesn’t believe harm should

come to the mugger, and suggests it may have been a mother

defending young.

In discussing the incident, he kept repeating how frightened

he had been, and eventually admitted that while he has no bad

dreams, he still experiences “moments of fear.”

Ratilal Vasava

Another victim of a mugger attack, Ratilal Vasava from

Pingal Wada Village in Vadodara District, Gujarat, was pulled

into the Dhadhar River by a mugger while tending his cattle.

He managed to fight free, without serious injury. However,

when we visited he was taking antibiotics to cope with the

serious infections that often result from crocodile bites, and

he is now fearful of the river he has lived next to all his life.

Like Vikram, Ratilal now also experiences “moments of fear,”

which he described with the Gujarati term “bhankara” meaning

something like an illusion that spontaneously comes to you.

Vinu Vasava

We interviewed Vinu Vasava in Pingal Wada village. Her

husband Radha was killed by a mugger, and she said she was in

shock for 3 months afterwards. She is a mother of five daughters,

and having lost her husband, who was the breadwinner, had

to become an agricultural laborer. She hadn’t heard about

compensation, and didn’t receive any. Her life has changed

fundamentally, as she must work to support her family and pay

for the marriages of her four unmarried daughters. As a devotee

of the Hindu goddess Khodiyar, always shown astride a mugger

crocodile, she bears no ill will to mugger crocodiles.

Madhuben Naran Vasava

In Mahadev village, Vadodara District, we interviewed

Madhuben Naran Vasava. This petite, elderly widow had been

bitten on the left arm by a mugger while washing clothes 5 years

previously. Three months of treatments and a skin graft left her

with an emaciated, scarred armwhich doesn’t fully function. Her

compensation covered a fifth of the cost of her treatment, forcing

her to mortgage her agricultural land, and she is still paying it

off. When asked how she felt about the mugger, she replied that
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she knew she couldn’t express her feelings, because that would

be illegal. She thought the Forest Department should trap and

remove the mugger from the river.

Kalapn Rana

We interviewed Kalapn Rana at her home near Goraj, in

eastern Vadodara District. Several years previously, the family

had enjoyed a picnic on the banks of the Dhadhar River. It was

very hot, and after the others left, Kalapn and her mother-in-

lawManhar took a quick swim. Afterwards Kalapn was wringing

out her petticoat when a mugger seized her by the left hand

and pulled her into the water. Manhar jumped into the river

and a tug of war ensued, the mugger dragging both across to

the opposite bank. Amazingly, Manhar managed to drag Kalapn

back across the river. Two men then came to the rescue, forcing

the mugger to release Kalapn and retreat into the river.

Kalapn by this time had been bitten several times on the left

forearm, shredding muscles and splintering bones. Fortunately,

the family are reasonably well off, as she had to then endure 9

operations to repair her arm (see Figure 1). As she was 2 months

pregnant, and required anesthesia and radiation, they had to

abort the fetus.

For 3months, Kalapn dreamed of being taken by themugger

[(Chowdhury et al., 2013) note one case of bad dreams following

a crocodile attack], and it took 2.5 years to recover from her

injuries. However, she still has fixed flexion disability, and this

young mother (she has a baby now) can’t comb her own hair.

At the time of the attack, she had recently graduated and had

intended to continue her academic studies (which clearly was

the expectation of her mother-in-law), but she had to give this

up. Kalapn now avoids the river completely, and can’t swim in a

FIGURE 1

Kalapn Rana during her treatment following a crocodile attack.

pool without checking for mugger first. The Forest Department

paid compensation (a tenth of the cost of her treatment), and

tried but failed to catch the mugger, which is still living locally.

Compassion for victims

There is something important to be said about fatalities in

animal attacks. This is the outrageous assertion that rural folks

in remote communities somehow value life more “cheaply” and

are in some way “philosophical” about losing husbands, wives,

children, friends. This perception was voiced in a comment on

a story on crocodile attacks I published in The Conversation

(Pooley and Marchini, 2020). I can assure anyone who might

share this view that (for example) the parents I interviewed,

some several years after an attack, were still devastated by the

loss of their child.

Finally, it should be noted that asking people to share their

experiences is asking a lot. It requires respectful and sympathetic

attention, and great care and tact in questioning (Pooley et al.,

2020). Many relatives of victims show me photographs of their

loved ones after attacks. It seems impossibly grim that they

cling to this evidence of their final memories of their loved

ones. For the conservationist, absorbing relatives’ grief, and

witnessing the often horrific images of damaged corpses, also

takes a toll. I feel it is a necessary one, particularly where

conservationists and supporters of conservation live far removed

from the consequences of their successful efforts to conserve

dangerous wildlife.

What should be the focus of compassion
in conservation, animals or people?

When it comes to compassion in conservation, there is

an awkward fracture between human-focused and animal-

focused rights orientations. In an epoch of crashing biodiversity,

almost entirely due to anthropogenic impacts, this is not

an easy dichotomy to address (e.g., Pooley and Redpath,

2018; Vucetich et al., 2018). Supporters of Compassionate

Conservation (Wallach et al., 2020) criticize conservation for

justifying harm to sentient animals through instrumentalism

(the animal as means to an end), holism or collectivism (species

are more important than individuals) and nativism (human-

assisted species are unnatural). They argue that in fact all

sentient beings are persons, as recognized in some non-Western

traditions, and thus worthy of respect and compassion. It is not

sufficient for them that “ethical concern for individual animals

[forms] an important element in conservation best practices”

(as argued by Hayward et al., 2019), if that is subordinated

to landscape-level biodiversity protection concerns. They argue

that conservation’s prioritization of “native” and “wild” animals

is misplaced and shouldn’t justify violence to either wild or feral

or domesticated non-human animals. Compassion, in this view,
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links us ethically to all non-human “persons” equally (Wallach

et al., 2020).

Just as animal rights pressure on conservationists has

improved the care of captive wild animals, for example, so

compassionate conservation’s focus on the fates of individual

animals can be a corrective to indifference to them where

that exists. Further, widening consideration of what is valuable

beyond ideas about “pristine” or “wild” landscapes, and only

native wild animals, is valuable on our fast-changing, human-

dominated planet. However, there remain key challenges to

how compassionate conservation works out on the ground,

particularly pertinent for those managing potentially dangerous

animals like crocodiles. For example, what of the rights of local

people living with dangerous wildlife not to like or want that

wildlife around, and their right to be angry about depredations

on their communities and to dislike individual animals for their

actions (Smith, 2020). How do we work in landscapes where

some locals revere and respect particular species of wildlife,

while others see them as a dangerous threat, or where locals

identify particular problematic individuals as were-animals,

different to “normal” animals (Pooley, 2016)?

If compassion requires consideration of all the actors

involved in human-wildlife interactions, and humane actions

including (if, as a last resort, required) lethal control (humanely

performed), then that seems implementable. If it means that

every individual has an inviolable right to life, including for

example an introduced predator threatening the existence of

a native species, or a crocodile threatening the lives of local

farmers, then that does not. While trapping and removal of a

problem animal may be preferable, it isn’t always possible, or not

in time to prevent disaster. Finally, if we follow rights approaches

to logical conclusions, there are awkward questions around the

assumed rights of prey not to be predated upon (Keulartz, 2016).

The capability approach for non-human
animals

How else, then, might compassion for non-human animals

be integrated into conservation? How can we include animals in

an ethical conservation without being limited to observing the

inviolable rights of each individual animal? How might we be

empowered to act compassionately and proactively, rather than

get stuck on what we cannot do? How can the need of certain

animals to attack and eat others be acknowledged in framework

that grants them all ethical consideration?

I find Nussbaum (2006; as discussed in Bendik-Keymer,

2014) capabilities approach to a more-than-human ethics

interesting here, as a basis for ethical consideration of non-

human animals not confined to proscriptions on the treatment

of individual animals. Nussbaum suggests that if humans can

feel wonder looking at nature or a complex organism, then that

suggests it is good and right for it to flourish and persist as the

kind of thing it is. It is, then, a being worthy of respect, and so

is its striving to persist and flourish. So much for extending the

circle of ethical consideration beyond humans. When it comes

to what should guide ethical action, it is empathy which guides

us to which beings worthy of wonder deserve justice (not all do,

in this interpretation). If we can imagine other beings as having a

stake in their own existence, and hence a capacity to be wronged

(thwarted), then those beings have a claim to justice.

The capacity of charismatic mammals like elephants

to experience social and individual trauma and PTSD-like

symptoms has been recognized (Bradshaw et al., 2005; Münster,

2016), and is an interesting area of research, albeit proscribed

by human sympathies in terms of species (though see Zanette

and Clinch, 2020), as is the capacity of wild animals for

compassion. Apparent tolerance of “habituated” animals for

humans, in situations where they must share landscapes, may

mask heightened stress levels with adverse effects on individuals

and populations (Whittaker and Knight, 1998; Bejder et al.,

2009). Of course, the same goes for humans living alongside

dangerous wildlife.

Nussbaum’s approach attaches moral significance to species,

and not solely to individuals (Keulartz, 2016). In an age of

what some call ecocide (e.g., Posey, 1999), this extends moral

consideration beyond the individual to the species, and by

extension (in terms of their needs) to habitat.

If we look beyond solely what shouldn’t be done to individual

animals, which is the focus of much animal rights work, we then

can also consider what a species-specific norm of flourishing

might look like. That is, what is the appropriate benchmark for

judging if a member of a species has the necessary opportunities

to flourish (fulfill its capabilities). Humans have a proactive

positive role to play here, a duty to support the capabilities of

other beings (how widely that circle is drawn is another matter),

up to a minimum threshold level calibrated for their species.

Flourishing is, after all, about more than just the absence of

pain or discomfort. This approach to ethics also allows for a

coherent approach to interventions where it is not possible, due

to external circumstances like habitat destruction, to allow wild

animals to continue with their lives free of human influence

(Keulartz, 2016). It need not be limited by notions of wildness

or pristineness, either.

Beyond compassion for humans, or
compassion for animals

Humans and wildlife have shared landscapes for millennia,

and even in the partitioned lands of North America and

Western Europe, factors like urbanization, land abandonment

and climate change are increasingly forcing them to cohabit

rural and even urban landscapes (König et al., 2020). There are a
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diversity of ways of understanding and dealing with the resulting

situations, shaped by particular cultures, knowledge systems,

traditions of using and interacting with the land, histories of

interaction, and the particular ecological contexts and fauna

(species, individuals, communities). Different sets of humans

and animals (individuals, species, perhaps cultures) have learned

to interact in particular, mutually influenced ways. The point

is, it is nonsensical to consider compassion in conservation

without thinking in terms of the communities of humans and

non-humans where interactions and their consequences unfold.

So, if a capabilities approach were to be developed, there

is collaborative context-specific work to be done in deciding

on which capabilities particular species or other groupings of

animals typically have, as a non-anthropocentric yardstick for

determining how to ethically interact with them (Keulartz,

2016). Doing so requires acknowledging that species concepts,

and taxonomies of species (including cultural ones), vary. Then

there is consideration of communities of humans and species

of wildlife in interaction in particular contexts, sharing spaces

and resources. There will be important cultural dimensions to

how we understand all this, and we have much to learn from

indigenous peoples and locals who coexist with wildlife.

The context-specificity of human-wildlife conflict and

coexistence means that there is unlikely to be a moral

standard with 10 inalienable rights commandments applicable

everywhere for all peoples and species. This doesn’t mean

it isn’t possible to formulate principles relating to what

should be considered when attempting to show compassion

in conservation, or to understand coexistence where it occurs

(and not mess it up with tone-deaf interventions), and to foster

compassion and coexistence where they don’t exist. It remains

to be seen whether sets of capabilities could be formulated

for agreed groupings of non-human beings. It is an intriguing

possibility that, working with locals, it may be possible to

formulate more precise versions for particular landscapes. These

would need to be informed by both ecological and cultural

understanding of individuals and types of particular non-human

beings, and communities of interaction.

Conclusion

I want to preface my conclusions with my final case study,

the story of the Ode family. I spoke with Hemant Ode, a lean

42-year-old farmer and laborer, sitting on a wooden frame bed

under a lean-to outside his home near the edge of Traj Village

pond, in Kheda District, Gujarat. Those present included his

wife Naniben, and Anirudhkumar Vasava (translating). Hemant

told us how his only daughter, Hetal, had been seized and

drowned by a mugger in the pond nearby while washing a big

steel pot. She was only 9 years old. Both parents were clearly still

devastated, and a framed portrait with the girl’s necklace looped

around it hangs on the front of their home. My own daughter

was nine at the time of our interview, and afterwards I reflected

on the despair and rage I would have felt, should this tragedy

have befallen me and my family. Would I have continued to

tolerate crocodiles living in the pond that we had to use daily

for water?

Hemant Ode is now a “mugger mitra” (crocodile

friend), who dedicates time to educating others on how

to live more safely alongside crocodiles. In addition, he

participates in rescues, that is, safe capture and removal of

mugger found in areas where harm may ensue for people,

or crocodiles. Remarkably, during my visit to Gujarat,

he was involved in the safe capture and removal of a

crocodile that was very possibly the one which had killed

his daughter, and later an elderly man, in Traj Village

pond. It had been removed to a nearby wetland, Pariyej,

and was trying to return home to Traj pond (pers. comm.

Vishal Mistry).

There is much to be learned about the motivations of

someone like Hemant. For instance, in what ways is his

compassionate response to a tragic event influenced by his

cultural context, his personal beliefs, and his individual life

history and experiences at the pond? Is his response a

culturally mediated or perhaps more universal psychological

coping mechanism for reframing a tragic event? There is

much to learn about different cultures’ mechanisms for

coping with trauma, and specifically how particular cultures’

explanations of the causality of animal attacks may provide

adaptive ways of coping with this trauma, and enable

coexistence with dangerous animals (Wilson, 2007; Pooley et al.,

2020).

There is also much to be learned from the behavior of the

mugger that share ponds, mostly peaceably, with humans in the

wetlands of Gujarat, and perhaps from comparative study of

where relations are hostile, in the same region. That is, rather

than continue to consider humans and wild animals separately

in ethical terms, and to study their behavior separately, we need

to study human-wildlife communities and their interactions in

more holistic and interdisciplinary ways.

For the conservationist, there are many levels at which

compassionate consideration is required here: for the parents of

a girl killed by a mugger; for locals living alongside mugger, with

varying exposure to, and beliefs about mugger; for individual

mugger crocodiles sharing habitat with humans and livestock;

and for the challenges mugger crocodiles face in the agricultural

landscapes of central Gujarat.

Some implications

Conservationists involved in conserving dangerous wildlife

have an ethical duty to engage with the consequences for local

people living with these animals. Compassion for the victims

of encounters is vital, not just for the plight of wildlife in
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shared landscapes with humans, though this matters too. This

requires personal engagement with individuals, not statistical

analyses and solely instrumental or economic responses. There

is much to learn about long-term consequences of life-changing

encounters with dangerous wild animals, and what assistance

can then be offered. There is also much to be learned from those

who, like Hemant Ode, have found ways to surmount personal

tragedies and work to facilitate coexistence with dangerous

wild animals.

Some of the lessons may be cultural, emerging from societies

with long experience of coexisting with dangerous wildlife;

some may emerge from psychological study of how people cope

with traumatic encounters; others from the study of animals’

traumatic experiences and interactions with humans. Some

will be very context-specific, while some may be portable and

provide means of fostering coexistence elsewhere. Conservation

researchers would benefit from working with psychologists and

anthropologists when attempting such studies.

On a practical level, it seems advisable that conservation

authorities shouldn’t respond to traumatic incidents by

sending in individuals untrained in the sensitivities of

interacting with traumatized victims and their families,

tasked only with performing essentially a law-enforcement

function. Adjudicating on whether material compensation

is warranted is not, in the first instance, the appropriate

response. Training for first responders, and the involvement

of professionals with context-specific knowledge and skills

in handling traumatic situations and interacting with

victims, would improve victims’ experiences and relations

between communities and organisations responsible for

wildlife.

Responses to traumatic encounters with wildlife should

also go beyond incident-response, to consider the longer-term

consequences for individual humans, and wild animals, and

their communities. The consequences for all actors, human

and non-human, in terms of their capacity to flourish should

be considered when deciding on interventions. The capability

to live a full life should be considered, for all actors, but on

occasion managers will have to weigh the threats to life posed

by dangerous animals against their right to persist. They need

to consider the consequences of sparing the life of a dangerous

individual, in light of how it may impact on locals, and how

it may influence local societies’ tolerance for the species. If it

cannot be safely and timeously removed to a secure place, that

individual animal may have to be humanely killed. Let us also

reserve some compassion for those who must take and enact

such difficult decisions.
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The negative footprint illusion in 
environmental impact estimates: 
Methodological considerations
Patrik Sörqvist * and Mattias Holmgren 

Department of Building Engineering, Energy Systems and Sustainability Science, University of Gävle, 
Gävle, Sweden

Past research has consistently shown that carbon footprint estimates of a set 

of conventional and more environmentally friendly items in combination tend 

to be  lower than estimates of the conventional items alone. This ‘negative 

footprint illusion’ is a benchmark for the study of how cognitive heuristics 

and biases underpin environmentally significant behavior. However, for this 

to be  a useful paradigm, the findings must also be  reliable and valid, and 

an understanding of how methodological details such as response time 

pressure influence the illusion is necessary. Past research has cast some 

doubt as to whether the illusion is obtained when responses are made on 

a ratio/quantitative scale and when a within-participants design is used. 

Moreover, in past research on the negative footprint illusion, participants 

have had essentially as much time as they liked to make the estimates. It is 

yet unknown how time pressure influences the effect. This paper reports an 

experiment that found the effect when participants were asked to estimate 

the items’ emissions in kilograms CO2 (a ratio scale) under high and under low 

time pressure, using a within-participants design. Thus, the negative footprint 

illusion seems to be a reliable and valid phenomenon that generalizes across 

methodological considerations and is not an artifact of specific details in the 

experimental setup.

KEYWORDS

negative footprint illusion, methodology, response format, scale, cognitive bias

Introduction

Past research has consistently shown that carbon footprint estimates of a set of 
conventional and more environmentally friendly items in combination tend to be lower 
than estimates of the conventional items alone. This phenomenon has been coined the 
‘negative footprint illusion’ (see Sörqvist et al., 2020, for a review). An averaging bias 
appears to be responsible for the illusion, whereby people average vices (e.g., conventional 
buildings) and virtues (e.g., “green” buildings) when they make estimates of the items in 
combination, rather than making a summative estimation (Holmgren et al., 2018a). This 
explanation is reinforced by the fact that the negative footprint illusion disappears when 
participants are primed to think in a summative manner (Holmgren et al., 2021). The 
negative footprint illusion is a benchmark for the study of how cognitive heuristics and 
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biases underpin environmentally significant behavior. However, 
for this to be a useful paradigm, the findings must also be reliable 
and valid, and an understanding of how methodological details 
influence the illusion is necessary.

The negative footprint illusion appears to be quite robust to 
many methodological considerations. For example, it does not 
seem to matter much whether the estimates concern food 
(Gorissen and Weijters, 2016; Kusch and Fiebelkorn, 2019; but see 
Threadgold et al., 2022), vehicles (Kim and Schuldt, 2018), or 
buildings (Holmgren et al., 2018a). It has also been shown in both 
within-participant designs (Holmgren et  al., 2018b; but see 
Gorissen and Weijters, 2016) and between-participant designs 
(Holmgren et al., 2018a). The illusion seems therefore to be robust 
to some variations in the experimental setup. In turn, the illusion 
varies in size depending on the spatial distribution of the 
conventional and environmentally friendly items (Sörqvist et al., 
2022) and it seems to vary in size with dispositional factors 
(MacCutcheon et al., 2020; Threadgold et al., 2022).

The response scale is one methodological consideration that is 
of particular interest to the current study. Asking participants to 
make the responses on a 9-point scale with endpoints labeled (very 
low impact vs. very high impact), or on a 9-point scale in which 
each point is labeled with a CO2 value, seems to matter little 
(Gorissen and Weijters, 2016; see also Holmgren et al., 2018a). 
Requesting the participants to make “indirect” estimates of the 
carbon footprint, by asking them to estimate the number of trees 
(which binds carbon) needed to compensate for the emissions from 
the items results in just the same. There is a tendency to assign a 
smaller number of trees to a combination of environmentally 
certified and conventional buildings in comparison with the 
conventional buildings alone (Holmgren et al., 2018b). However, 
there is still reason to believe that the response format may 
influence the respondents’ behavior (Weijters et  al., 2010), in 
particular, if the response format is ambiguous to the participant.

With one exception (Holmgren et  al., 2018b), all previous 
studies on the negative footprint illusion (Gorissen and Weijters, 
2016; Holmgren et al., 2018a, 2021; Kim and Schuldt, 2018; Kusch 
and Fiebelkorn, 2019; MacCutcheon et al., 2020; Threadgold et al., 
2022) have asked participants to make their estimates of 
environmental impact or carbon footprint on an ordinal, limited 
response scale. That is, on a scale ranging from, for example, 1–9 in 
which the possible responses are quite limited, the lowest value 
does not represent “0 carbon footprint/emissions/kg CO2” and the 
size of the differences between the steps on the scale are ordinal 
rather than identical. This circumstance cast doubt as to whether 
the negative footprint illusion is truly a manifestation of cognitive 
biases or actually just a consequence of ambiguous task instructions 
and scales. For example, participants might activate a qualitative 
mindset when making responses on an ordinal/qualitative scale (cf. 
Gorissen and Weijters, 2016). When in this mindset, participants 
might interpret the task as if they should estimate how “good” or 
“bad” the item set is for the environment, rather than estimating 
the quantitative amount of carbon emissions. It could be argued 
that conventional items in combination with “green” items are 

indeed better for the environment than the conventional items 
alone, depending on perspective, and consequently, participants 
would be  accurate in their qualitative evaluation of the items. 
Because of this, it is both methodologically and theoretically 
important to test whether the negative footprint illusion emerges 
when estimates are made on a quantitative/ratio scale. The current 
study aimed to test whether the negative footprint illusion is 
obtained when participants are asked to make their estimates on a 
ratio scale, in which “0” represents complete absence of emissions/
kg CO2, the size of the difference between scale steps is identical, 
and there is essentially no reason to believe that participants have 
misinterpreted the response scale.

A second methodological consideration of interest to the 
current study is response time pressure. Cognitive biases often 
become stronger when decisions and judgments must be made 
quickly and under time pressure (Roberts and Newton, 2001; 
Evans St. and Curtis-Holmes, 2005; Hilbig et al., 2012; Dekel and 
Sagi, 2020). In previous studies on the negative footprint illusion 
(e.g., Gorissen and Weijters, 2016; Holmgren et al., 2018a,b), the 
participants have had essentially as much time as they liked at 
their disposal to make the estimates. It is therefore yet unknown 
whether the negative footprint illusion becomes larger under time 
pressure, although it would be useful from both a theoretical and 
methodological viewpoint to know whether the effect behaves as 
expected from past research on the effects of time pressure on 
cognitive biases or if it behaves differently. The current study 
tested the effect of time pressure on the negative footprint illusion 
by comparing rapid responses with slow responses because it 
would reveal important information about the basic mechanisms 
behind the effect.

Finally, a third methodological consideration of interest here 
was the choice of experimental design. Previous research 
(Gorissen and Weijters, 2016) has been somewhat doubtful as to 
whether the negative footprint illusion can really be found in a 
within-participants design, presumably because within-
participants designs allow participants to remember and compare 
their own estimates between conditions. The current study used a 
within-participants design to build further evidence on this issue.

In sum, the experiment aimed to test whether the negative 
footprint illusion can be detected when responses are made on a 
ratio scale, which has never been shown before. The time that was 
available for the participants to make their responses was 
manipulated to test whether time pressure influences the magnitude 
of the effect. And a within-participants design was selected to test 
whether the negative footprint illusion—typically studied in 
between-participant designs—generalizes to this design choice.

Materials and methods

Participants

A total of 120 participants were recruited to take part in the 
experiment. Eighteen of them were removed prior to the analysis 
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for reasons detailed below, resulting in a final sample of 102 
participants (70% women, mean age = 34.25 years, SD =  
10.94 years). The experiment was distributed by the crowd-
sourcing platform Prolific academic. The inclusion criteria were 
to be  between 18 and 65 years of age and living in the 
United  Kingdom. All participants received a payment rate of 
around £8 per hour for their participation (note that participation 
only took a few minutes) and participated under informed consent.

Materials

Data were collected by an online questionnaire created by the 
web-based survey instrument Qualtrics. After reading an 
information sheet (informing the participants that participation 
is voluntary and that they can withdraw from the study at any 
time) and responding to the consent form, the participants 
received information stating: “In this survey you will be asked to 
make different kinds of estimates under a short time frame of 5 s. In 
the first block, you will be asked to make estimates related to colour-
discrimination and in the second block you will be asked to make 
estimates related to CO2-emissions. Before each block starts you will 
receive more information pertaining to that block. Please take your 
time and read the instructions carefully before proceeding.” Note 
that in the short response time window condition, the participants 
were told they had 5 s to respond as described above. In the long 
response time window condition, the participants were instead 
told they had 50 s to respond, all else being equal. The 5 s limit was 
selected because a pilot study with a handful of participants 
suggested that 5 s (but not less) was needed for participants to have 
enough time to be able to make the estimates.

The training block
On the next page of the questionnaire, participants were 

introduced to a training block, which was constructed to make the 
participants familiar with the response format. In the training block, 
the participants were presented with images with various shades of 
gray, white, and black. These stimuli were chosen because they were 
clearly different from the stimuli used in the main task (see below) 
to avoid potential interference between the training block and the 
main block, while still allowing the participants to become 
acquainted with the response format. The information presented to 
the participants read: “On the next slides you will see images. Your task 
is to estimate whether the image is dominantly black or white. You will 
be making each estimates by first clicking on the text box, then typing 
in a number from 0 to 99 by using the keyboard on your device. The 
lower estimates indicate “dominantly white” and the higher estimates 
indicate “dominantly black.” For example a score of 0 would be a 
completely white picture whereas a score of 99 would be a completely 
black picture. You will have five seconds to respond to the question. 
Have your fingers ready to type in your response before continuing to 
your first estimate.” In the long response time window condition, the 
participants were instead told they had 50 s to respond, all else being 
equal. After reading the information, the participants proceeded 

through 10 trials where they were asked to estimate whether a 
picture was dominantly white or black. Between each trial, they 
received a text stating: “When you are ready to make the next estimate, 
click on the arrow below.”

The main task
When they had completed the training block, the 

participants were introduced to the critical judgment task. 
Before starting, they received information stating: “On the next 
slides you will see several houses together. You will see two types of 
houses: conventional (having a yellow colour) and environmentally 
certified (having a green colour) houses. Note that environmentally 
certified houses produce less CO2 emissions compared to 
conventional houses. Your task is to estimate what the 
environmental impact is, measured in kilograms of carbon dioxide 
(kg CO2) emissions for all the houses in the image together. Your 
estimate should indicate the number of kilograms of CO2 that the 
houses produce together due to, for example, ventilation, heating 
and energy-use. Click on the arrow below to get information on 
how you will make your estimate!” To increase the possibility of 
avoiding non-responses, they were given a detailed instruction 
on how they were supposed to approach the task. This 
instruction read: “You will be  making each estimate by first 
clicking on the text box, then typing in a number from 0 to 99 by 
using the keyboard on your device. Remember, the number 
you type in in the text box should indicate the number of kilograms 
of CO2 emissions the houses produce. A higher number is worse for 
the environment compared to a low number. You will have five 
seconds to respond to each question. Before moving on, have your 
fingers ready to type in your response before continuing to your 
first estimate!.” After reading this, they were introduced to seven 
trials consisting of pictures depicting either only conventional 
buildings or conventional buildings together with “green” 
buildings. They made their estimates by typing in the estimates, 
ranging from 0 (kilograms of carbon dioxide emissions) to 99 
(kilograms of carbon dioxide emissions), in a text box. A digital 
clock counting down from 5 s (or 50 s, depending on condition)
was shown during each trail. If the time expired before the 
participants were able to make an estimate, the computer 
continued automatically to the next trial. The first trial was not 
included in the analysis as it was used to make the participants 
used to the, slightly different, response format and stimuli. 
Between each trial, they received a text stating: “When you are 
ready to make the next estimate, click on the arrow below.”

Design and procedure

A mixed within-between participants design was used with two 
independent variables: display of buildings with two levels (only 
conventional buildings [conventional only condition] vs. 
conventional + “green” buildings [“green” addition condition]) and 
response time window with two levels (5 s vs. 50 s). The order 
between the two display conditions was counterbalanced between 
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participants. More specifically, the participants were randomly 
assigned to either starting with a trial consisting of only conventional 
buildings or a trial consisting of conventional + “green” buildings.

Moreover, three trials consisted of conventional buildings 
together with “green” buildings (75 conventional buildings + 25 
green buildings; 20 conventional buildings + 20 “green” buildings; 
15 conventional buildings + 5 “green” buildings) and three trials 
consisted of only conventional buildings (75 conventional 
buildings; 20 conventional buildings; 15 conventional buildings). 
In the analyses, an average for each participant was calculated for 
the responses in the display condition with items of both types, to 
obtain a single measure of kg CO2 estimates in that condition for 
each participant, respectively. A similar calculation was made for 
the response in the display condition with only conventional 
items. Seventeen of the participants in the “5 s response time 
window” condition failed to make all six responses and they were 
therefore removed prior to the analysis, resulting in a final sample 
in that condition of 43 participants. One of the participants in the 
“50 s response time window” condition failed to make all six 
responses and was therefore also removed prior to the analysis, 
resulting in a final sample in that condition of 59 participants.

Results

As shown in Figure 1, the typical negative footprint illusion 
was found in both response time conditions. Moreover, the effect 
was slightly larger in the short (5 s) response time window 
condition in comparison with the long (50 s) condition. The 
participants in the “5 s response time window” condition assigned 
more CO2 to the conventional only items (M = 65.78 kg CO2, 
SD = 26.72) in comparison with how much they assigned to the 
conventional items in combination with “green” items 
(M = 48.66 kg CO2, SD = 15.41). This difference between conditions 
was statistically significant, t (42) = 4.63, p < 0.001. Similarly, the 
participants in the “50 s response time window” condition 
assigned more CO2 to the conventional only items (M = 60.59 kg 
CO2, SD = 22.29) in comparison with how much they assigned to 
the conventional items in combination with “green” items 
(M = 52.41 kg CO2, SD = 12.29). This difference between conditions 
was also statistically significant, t (58) = 4.06, p < 0.001. A 2(display 
of buildings) × 2(response time window) analysis of variance with 
CO2 estimates as dependent variable indicated that the difference 
between the two display conditions was larger in the “5 s response 
time window” condition, in comparison with the size of the 
difference in the “50 s response time window” condition as the 
interaction between the two factors was significant, F (1, 
100) = 5.15, p = 0.025. However, this interaction has to be treated 
with caution. Ten participants in the “5 s response time window” 
condition and seven participants in the “50 s response time 
window” condition made estimates of 99 kg CO2 (the maximum 
estimate) in the conventional only display condition, suggesting 
that the interaction could potentially reflect a ceiling effect. When 
these participants were removed, the participants in the “5 s 

response time window” condition still assigned more CO2 to the 
conventional only items (M = 55.72 kg CO2, SD = 22.09) in 
comparison with how much they assigned to the conventional 
items in combination with “green” items (M = 46.72 kg CO2, 
SD = 14.99); a difference that was still statistically significant, t 
(32) = 2.56, p = 0.016. Similarly, the participants in the “50 s 
response time window” condition assigned more CO2 to the 
conventional only items (M = 55.43 kg CO2, SD = 18.31) in 
comparison with how much they assigned to the conventional 
items in combination with “green” items (M = 50.38 kg CO2, 
SD = 11.64), t (51) = 2.66, p = 0.010. However, an analysis of 
variance indicated that the interaction between the factors was not 
still significant, F (1, 83) = 1.15, p = 0.286.

Discussion

The first conclusion that can be made from the experiment 
reported here is that the negative footprint illusion can be detected 
when participants make their estimates on a ratio scale. While 
response format choices of past studies on the negative footprint 
illusion may cast some doubt on how the participants interpreted the 
task (cf. Gorissen and Weijters, 2016), the results reported here, 
together with the plethora of studies on this illusion published until 
now (Sörqvist et al., 2020), suggest that the illusion is quite robust to 
such details. If the negative footprint illusion had not been found 
with the response format used in the current study, it had been 
possible to argue that the effect found with ordinal response scales 
(e.g., Gorissen and Weijters, 2016; Holmgren et al., 2018a) is an 
artifact of the response scale—perhaps an ordinal response scale 
promotes a qualitative mindset while a ratio response scale promotes 
a quantitative mindset, or perhaps the participants do not fully 
understand the task. Finding the negative footprint illusion with a 
ratio response scale as in the current experiment suggests that the 
effect is rather a consequence of a cognitive bias (presumably an 
averaging bias) in environmental impact estimates, not an artifact of 
methodological peculiarities.

The experiment reported here also shows that the illusion is 
robust to a number of other methodological considerations. The 
illusion has mostly been studied in the context of between-
participants designs with a few exceptions (Holmgren et  al., 
2018b; Threadgold et al., 2022) and one study in the past 
(Gorissen and Weijters, 2016) failed to find the effect in a within-
participants design, while it was obtained in a between-
participants design. The results reported here suggest that the 
illusion is robust also to this methodological choice. We can only 
speculate on the reason why the effect was found in the 
experiment reported here and not in the experiment by Gorissen 
and Weijters (2016). One possibility is that the fractional 
factorial design used by Gorissen and Weijters (2016), wherein 
each participant estimated a subset of a total of 24 stimulus sets, 
introduced too much error variance. In the current study, all 
participants made estimates of the same 6 stimulus sets, perhaps 
introducing less error variance.
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Finally, while past research has allowed the participants 
unlimited time to make their estimates, the current study shows 
that the illusion is also found when participants are required to 
make hasty responses. If anything, the illusion seems to be larger 
when hasty responses are required, in line with previous research 
suggesting that cognitive biases become exacerbated under time 
pressure (Roberts and Newton, 2001; Evans St. and Curtis-
Holmes, 2005; Hilbig et al., 2012; Dekel and Sagi, 2020). Under 
time pressure, estimates arguably rely more heavily on intuitive 
thinking. Participants do not have time to carefully think it 
through and realize that a set of conventional items must cause 
fewer kg CO2 than the very same set of conventional items plus 
another set of “green” items. Instead, they become more 
susceptible to the averaging bias.

Limitations

One limitation of the current study is that these estimates were 
made under uncertainty. The negative footprint illusion may well 
be  constrained to situations where people are asked to make 
estimates about something they do not have enough knowledge 
about to make accurate estimates. In the case reported here, 
participants were asked to estimate the amount of CO2 that is 
generated by a number of houses. The general population 
(presumably) do not know the actual answer to this question. 
Future research could investigate if the illusion disappears with a 
higher level of certainty, by, for example, teaching participants 
about how much CO2-emissions an average house produces. 
Participants may also be less susceptible to the negative footprint 

illusion when to-be-estimated items come from different 
categories, in particular, if the items belong to a category that 
participants are more knowledgeable about. There is empirical 
evidence that supports this idea. For example, Threadgold et al. 
(2022) found a negative footprint illusion in estimates of buildings 
and in estimates of cars but not in estimates of apples. It should 
be noted though, that the negative footprint illusion has been 
found in a sample comprising of experts (Holmgren et al., 2018b). 
This indicates that a higher level of knowledge in the judgmental 
domain does not necessarily make one immune to the effect, at 
least not when the estimates are made on intuitive rather than 
reflective thinking.

Another limitation that should be addressed is the loss of 18 
participants from the full sample of 120 participants, due to a 
relatively high rate of participants not being fast enough to make 
all estimates within the given time window. A reason for this could 
be  that the participants lacked proper task-related knowledge 
needed to make hasty responses. Regardless of the reason, the 
drop rate could have compromised the data in unpredictable ways. 
A further complication was that 17 participants reported 99 kg 
CO2 as their estimates of all conventional only stimulus sets. 
However, with these participants removed from the analysis, the 
negative footprint illusion was still present in both response time 
window conditions. This is important since it shows that three of 
the main findings from the current study were not compromised 
by this issue: the fact that the negative footprint illusion is found 
with a ratio response scale, in a within-participants design and 
when estimates are made under high time pressure. Whether the 
negative footprint illusion is larger under high time pressure is less 
clear though.

FIGURE 1

The figure shows mean estimates of kg CO2 of sets of items either comprising conventional items only or comprising conventional items and 
“green” items in combination. Estimates were either made under high time pressure (5 s) or under low time pressure (50 s). Error bars represent 
standard error of means.
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Conclusion

The negative footprint illusion is not a consequence of 
participants misinterpreting the response scale. The paradigm can 
be  used as a reliable benchmark for the study of cognitive 
heuristics and biases underpinning environmentally significant  
behavior.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

Ethical review and approval was not required for the study 
on human participants in accordance with the local legislation 
and institutional requirements. The patients/participants 
provided their written informed consent to participate in 
this study.

Author contributions

PS and MH designed the experiment. MH conducted the data 
collection and analysis of the data and wrote parts of the 
manuscript. PS wrote large parts of the manuscript. All authors 
contributed to the article and approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
Dekel, R., and Sagi, D. (2020). Perceptual bias is reduced with longer reaction times 

during visual discrimination. Commun. Biol. 3:59. doi: 10.1038/s42003-020-0786-7

Evans St., B. T., and Curtis-Holmes, J. (2005). Rapid responding increases belief 
bias: evidence for the dual-process theory of reasoning. Think. Reason. 11, 382–389. 
doi: 10.1080/13546780542000005

Gorissen, K., and Weijters, B. (2016). The negative footprint illusion: perceptual 
bias in sustainable food consumption. J. Environ. Psychol. 45, 50–65. doi: 10.1016/j.
jenvp.2015.11.009

Hilbig, B. E., Erdfelder, E., and Pohl, R. F. (2012). A matter of time: antecedents of 
one-reason decision making based on recognition. Acta Psychol. 141, 9–16. doi: 
10.1016/j.actpsy.2012.05.006

Holmgren, M., Andersson, H., Ball, L. J., and Marsh, J. E. (2021). Can the negative 
footprint illusion be  eliminated by summative priming? J. Cogn. Psychol. 33, 
337–356. doi: 10.1080/20445911.2021.1903012

Holmgren, M., Andersson, H., and Sörqvist, P. (2018a). Averaging bias in 
environmental impact estimates: evidence from the negative footprint illusion. J. 
Environ. Psychol. 55, 48–52. doi: 10.1016/j.jenvp.2017.12.005

Holmgren, M., Kabanshi, A., Marsh, J. E., and Sörqvist, P. (2018b). When a + B < 
a: cognitive bias in experts’ judgment of environmental impact. Front. Psychol. 9:823. 
doi: 10.3389/fpsyg.2018.00823

Kim, B., and Schuldt, J. P. (2018). Judging the environmental impact of green 
consumption: evidence of quantity insensitivity. J. Environ. Psychol. 60, 122–127. 
doi: 10.1016/j.jenvp.2018.10.005

Kusch, S., and Fiebelkorn, F. (2019). Environmental impact judgments of meat, 
vegetarian, and insect burgers: unifying the negative footprint illusion and 
quantity insensitivity. Food Qual. Prefer. 78:103731. doi: 10.1016/j.foodqual. 
2019.103731

MacCutcheon, D., Holmgren, M., and Haga, A. (2020). Assuming the best: 
individual differences in compensatory “green” beliefs predict susceptibility to the 
negative footprint illusion. Sustainability 12:3414. doi: 10.3390/su12083414

Roberts, M. J., and Newton, E. J. (2001). Inspection times, the change task, and 
the rapid-response selection task. Quart. J. Exp. Psychol. A. 54, 1031–1048. doi: 
10.1080/713756016

Sörqvist, P., Colding, J., and Marsh, J. E. (2020). Psychological obstacles to the 
efficacy of environmental footprint tools. Environ. Res. Lett. 15, 1–4. doi: 
10.1088/1748-9326/ab9968

Sörqvist, P., Volna, I., Zhao, J., and Marsh, J. E. (2022). Irregular stimulus 
distribution increases the negative footprint illusion. Scand. J. Psychol. 530–535. doi: 
10.1111/sjop.12829

Threadgold, E., Marsh, J. E., Holmgren, M., Andersson, A., Nelson, M., and 
Ball, J. L. (2022). Biased estimates of environmental impact in the negative footprint 
illusion: the nature of individual variation. Front. Psychol. 12:648328. doi: 10.3389/
fpsyg.2021.648328

Weijters, B., Cabooter, E., and Schillewaert, N. (2010). The effect of rating scale 
format on response styles: the number of response categories and response category 
labels. Int. J. Res. Mark. 27, 236–247. doi: 10.1016/j.ijresmar.2010.02.004

65

https://doi.org/10.3389/fpsyg.2022.990056
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1038/s42003-020-0786-7
https://doi.org/10.1080/13546780542000005
https://doi.org/10.1016/j.jenvp.2015.11.009
https://doi.org/10.1016/j.jenvp.2015.11.009
https://doi.org/10.1016/j.actpsy.2012.05.006
https://doi.org/10.1080/20445911.2021.1903012
https://doi.org/10.1016/j.jenvp.2017.12.005
https://doi.org/10.3389/fpsyg.2018.00823
https://doi.org/10.1016/j.jenvp.2018.10.005
https://doi.org/10.1016/j.foodqual.2019.103731
https://doi.org/10.1016/j.foodqual.2019.103731
https://doi.org/10.3390/su12083414
https://doi.org/10.1080/713756016
https://doi.org/10.1088/1748-9326/ab9968
https://doi.org/10.1111/sjop.12829
https://doi.org/10.3389/fpsyg.2021.648328
https://doi.org/10.3389/fpsyg.2021.648328
https://doi.org/10.1016/j.ijresmar.2010.02.004


Frontiers in Psychology 01 frontiersin.org

Spatial stimuli in films: 
Uncovering the relationship 
between cognitive emotion and 
perceived environmental quality
Hamidreza Sakhaei 1*, Nimish Biloria 2 and 
Mehdi Azizmohammad Looha 3

1 Architectural Design, Modeling, and Fabrication Lab, Department of Architecture, Tarbiat Modares 
University, Tehran, Iran, 2 Faculty of Design Architecture Building, University of Technology Sydney, 
Sydney, AUS, Australia, 3 Department of Biostatistics, Faculty of Paramedical Sciences, Shahid 
Beheshti University of Medical Sciences, Tehran, Iran

Objectives: The research paper establishes the impact of spatial stimulus on human 

cognition and emotion by studying environmental events as cues to understand 

how people perceive spatial qualities. The medium of film to implement visually 

disruptive events was used in the research to find the relationship between the 

subjective evaluation of space and emotional responses.

Method: Ninety participants participated in watching three films showcasing 

unexpected spatial stimuli, thus impacting their psychological state. Standard 

questionnaires involving Aesthetic chills and The Self-Assessment Manikin (SAM) 

model were used to capture emotional responses, and Normalized Accumulated 

Quality (NAQ) model was used to receive space quality assessments. The Pearson 

correlation coefficient was subsequently used to find the association of chills and 

The SAM with NAQ. Univariate and multivariate regression models were also 

conducted to find the impact of emotional responses on NAQ.

Results: A significant association of NAQ with chills (p-value: 0.001), pleasure 

(p-value <0.001), arousal (p-value: 0.016), and dominance (p-value: 0.015) was 

witnessed in film 1. In film 2, NAQ was significantly associated with pleasure (p-

value <0.001), while in film 3, NAQ was highly associated with arousal (p-value: 

0.043). According to the adjusted impact of variables on NAQ in film 1, significant 

impacts of chills (p-value: 0.028), arousal (p-value: 0.117), pleasure (p-value <0.001), 

and dominance (p-value: 0.113) on NAQ were observed. In film 2, pleasure (p-

value <0.001) and dominance (p-value: 0.113) impacted NAQ using the univariate 

model, while only pleasure had an impact on NAQ in the multivariate model. In 

film 3, arousal was the only variable to impact NAQ (p-value: 0.043) in a univariate 

model. In regression analyses, higher slopes were witnessed for models in film 1.

Conclusion: The experiment highlighted that using affect-based video clips 

can help us capture the relationship between emotional responses and 

perceived quality of space. The appearance of spatial stimuli can engage 

learning, expectation, and attention, leading to a superior improvement of 

cognitive ability and mental health in space. This level of understanding can 

help design a more sustainable place.
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Introduction

Architecture and human cognition are inseparable entities that 
shape the perceived quality of a designed space (Hakak et al., 2017). 
Understanding cognitive and psychological responses while being 
exposed to an architectural space can prove to be a vital area of 
investigation. This research accordingly focuses on studying people’s 
environmental perception concerning cognitively storing situation-
based events, their expectation or preemption of upcoming events, 
the extent to which these events attract their attention, and how 
these events impact their emotional state. Utilizing a cinematic 
context has proven reliable for observing the practice of a lived 
space (Penz, 2017). Through a film-based space screening 
experiment, we  can thus analyze if architectural characteristics 
relate to emotional changes when people observe unexpected 
stimuli in space. Relying on the intersection of environmental 
design and space cognition will contribute to sustainable criteria. 
The perceived surrounding built space can be addressed to highlight 
mental health in human-environment interactions (Liddicoat et al., 
2020; Buttazzoni et al., 2021; Guzman et al., 2021).

When a person’s attention is drawn to a new environment 
(Sakhaei, 2020), the mind tries to contextualize it by gaining spatial 
understanding via categorizing cues (Bruner, 1973). After organizing 
specific space cues and ignoring the ones that disrupt perception, the 
mind tends to formulate a consistent projection of the perceived 
environment (Hakak et al., 2016). By implementing disruptive events, 
we  can scrutinize if this consistency in projecting different 
environments will escalate and improve spatial cognition. In our 
research, we implement disruptive events as cues to elicit emotions. 
These unexpected events or stimuli change and deconstruct the 
structure of architectural elements that can plausibly impact emotions. 
Such events, in the conducted experiment, are formulated from spaces 
edited from different film spaces and aimed at stimulating the physical 
environment to aid observers in assessing architectural qualities. The 
evaluation based on film space can signify space qualities during the 
design process to escalate the experience of designing a more 
communicative and sustainable place. Thus, the related literature and 
theories concerning the intersection of spatial cognition, emotion, and 
built environments will be presented to establish their integrated role 
in human-environment behavior. Then, the role of the cinematic 
realm and film contents will be associated with the environmental 
perception to articulate this research’s theoretical framework.

Cognitive emotion and environmental 
perception

The environment we  perceive affects us at cognitive and 
emotional levels (Sakhaei et al., 2022). The cognitive level involves 
mental processing and appraisal procedures, while the emotional 

level refers to the adaptive reaction to the gathered information 
(LeDoux, 1989; Higuera-Trujillo et al., 2021). Noting that cognitive 
and emotional levels work interrelatedly in mind, the human-space 
confrontation first requires activating sensory information to 
exhibit cognitive behavior. A substantial literature supports the 
relationship between human sensory information and 
environmental understanding (Grodal, 2009; Schacter et al., 2011; 
Izard, 2013; Coëgnarts, 2017). This sensory input that facilitates the 
entire perception process requires the active mental reestablishment 
of learning, memory, expectation, and attention (Bernstein, 2018).

The human mind should thus first perform cognitive tasks 
during the spatial learning process to perceive and assess a spatial 
configuration. The Cognitive Load Theory model (Paas and van 
Merriënboer, 1994) depicts the impact of physical characteristics of 
the environment as a crucial factor in studying human behavior 
(Tanner, 2000, 2008). Multiple studies have highlighted the learning 
process as necessary in cognitive tasks (Blackwood and Muir, 1990; 
Li et al., 2020), with factors such as volume, density, lighting, spatial 
arrangement, and the presence of other people being vital physical 
environment characteristics to enhance learning.

Cinematic mediation and psychological 
reactions

Cinema has proven itself as a practical tool to present an illusion 
of the apparent reality of the built environment (Smith et al., 2012). 
There are two critical factors in films to induce the observer’s feeling 
of reality: the appraisal of the film’s relative realism to personal lived 
experiences and the factuality or plausibility of the observed events 
(Rooney and Hennessy, 2013). Through film induction, creating an 
apparent reality can capture emotional responses (Gross and 
Levenson, 1995; Schaefer et al., 2010; Xu et al., 2010). The dual 
awareness model (Tan, 2008) brings up two different domains called 
Entertainment Space and Executive Space while observing film 
scenes. As people engage with events in films, the entertainment 
space tries to infiltrate the mind as if they are real, while the 
executive space supports the constructed imagery of the 
entertainment space by evaluating the plausibility and reality of the 
observed scene compared to the real-world environment. 
Meanwhile, if the observer’s attention is thoroughly drawn in by the 
event’s realism, their minds will perceive this as apparent reality, 
leading to increased emotional arousal (Rooney et al., 2012).

The Limited Capacity Model (Lang, 2000) highlights that the 
interaction between the medium’s content information (e.g., films), 
its structural information (e.g., sound effect), and the observer’s 
characteristics (e.g., emotional arousal) are crucial to understanding 
cognitive allocation in human-film interactions. Evoking cognitive 
abilities through realistic film events can thus help to extract space 
characteristics and associated emotional feedback.
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Space quality and emotional responses

The quality of architectural space substantially impacts human 
perception (Zawidzki, 2016a). Multiple studies show that qualities 
like spatial openness (Hedge, 1982; Sundstrom et al., 1982) or 
enclosed and open spaces (Brennan et al., 2002) relate to mental 
contentment. Attractive, clean, and orderly spaces can indicate a 
high spatial quality among students in a learning environment 
(Gilmore et al., 2010). Architectural theorists further suggest that 
complexity (implicating diversity, entropy, richness) and order are 
also vital structures of architectural qualities (Weber, 1995). A 
previous study also showed that a balanced environment escalated 
creativity and cognitive function (Bruer, 1997).

There are two vital factors in assessing the quality of a space: 
Aesthetic judgments and Emotions. These factors have illustrated 
an interrelationship based on the Leder model (Leder et  al., 
2004). Accordingly, aesthetic judgment can lead to the chills 
responses in art perception, first studied as strong emotional 
responses by Goldstein (1980). Besides, feeling chills and 
goosebumps have been outlined as indicators of emotional 
arousal in other discussions (Salimpoor et al., 2009; Laeng et al., 
2016). Sadness and joy are also emotional responses studied in 
the context of art-elicited chills (Panksepp, 1995; Nusbaum et al., 
2014). The level of arousal, pleasure, and dominance responses 
have been studied in a PAD model as mediating between the built 
environment and behavior (Mehrabian and Russell, 1974; 
Gifford, 2007). The valence of the stimulus signifies the engaged 
motivational system, while arousal illustrates the activation level 
during the eliciting content exposure (Bradley et al., 2001; Lang 
and Bradley, 2010). The dominance is the emotional power of the 
content or the level of feeling dominated by the emotional 
activation (Osgood, 1966; Lang, 1979). Consequently, the four 
factors of chills, pleasure, arousal, and dominance can be critical 
emotional responses in assessing the qualities of architectural  
space.

Assessing spatial quality and emotions in 
the cinematic context

Selecting affect-based video content to capture the mentioned 
emotional responses from spatial qualities require understanding 
the intensity and type of affect expected from the viewer 
(Soleymani et al., 2009). The valence-arousal space feature is an 
essential factor representing the appropriate affect in film content 
(Hanjalic and Xu, 2005). For instance, in a hierarchical movie 
content analysis study, film shots were divided into calm, average, 
and exciting to examine valence-arousal features (Xu et al., 2008). 
Another study depicted a substantial increase in participants’ 
chills, feeling moved or touched, and goosebumps from an 
evoking film content (Schubert et al., 2018). Apart from emotional 
factors, film clips should also be controlled in terms of complexity, 
illumination, movements, the number of characters, and camera 
angle to achieve a homogenous emotional content in experiments. 

This control is vital since film contents can be  effective in 
subjective assessments (Carvalho et al., 2012).

Existing gaps and hypotheses

People react differently to their perceptions of the built 
environment (Küller et al., 2009). Zawidzki compiled a 20-item 
questionnaire to define a new subjective evaluation of a place based 
on normalized averaged values (Zawidzki, 2016a). Zawidzki’s study 
mainly focused on spatial perception and geometric properties 
rather than a place’s aesthetic aspects. After perusing Zawidzki’s 
study, we  found that the interrelationship between cognitive-
emotional responses and subjective evaluation of spatial qualities 
can shed light on human-environment behavior analyses and 
expand the knowledge in this research area. We  referred to 
numerous related studies and compiled the most related papers in 
Table 1. This table reviews prior research that assessed cognitive 
and emotional responses based on different stimuli, such as using 
films as a mediation technique to represent the real environment 
to capture cognitive loads or emotional behavior. However, no 
similar research has discussed the related emotional responses to 
this definition to analyze if a space’s normalized accumulated 
quality correlates with or affects the normalized spatial quality 
assessments. Assessing the space qualities based on visual cognition 
can plausibly associate with the emotional states of individuals in 
the presence of a disruptive space-deconstructive stimulus.

In this research, we hypothesize that by ignoring unexpected 
events via the mediation of cinematic spaces, the mind would 
enhance its perception of the observed environment and improve 
mental health by assessing the quality of architectural space. 
We  will also analyze if space-related events can change 
participants’ emotional states. Additionally, we  will scrutinize 
which psychological and emotional factors relate to or affect the 
quality and characteristics of space.

Materials and methods

Study population and sampling method

We selected 90 participants (half male, mean age 26, SD 2.69) 
of Iranian ethnicity who were university students or employees. 
The chosen demographic belonged to an age group of 20–30 to 
capture homogenous behavioral feedback from the experiment. 
This demographic control is primarily due to possible human 
personality changes (like past experiences) that can affect 
assessments of different age groups (Khaleghimoghaddam and 
Bala, 2018). Regarding the films’ selection, we ensured that no 
individual had any experience of watching any of the movies 
previously to create a sense of novelty as regards space-related 
assessments. The participants were briefed regarding the 
procedural aspects of the experiment before the test began. This 
briefing included adequate resting time for each participant and 
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having a meal before the experiment began. All of the participants 
reported as healthy with no mental or physical difficulty. 
Participants were also asked to avoid smoking, drinking alcohol, 
or caffeine at least 4 h before the test to avoid over-stimulation. 
The experiment protocol was validated and conducted under the 
ethical standards laid down in the 1964 Declaration of Helsinki 
and its later amendments or comparable ethical standards.

Editing film sequences

Three film clips from cinematic movies were edited in a 
shorter format for this experiment based on two criteria. The first 

criterion for selecting the films was space narration, implying that 
the screened space in each clip and the depicted architectural 
elements therein would potentially influence the observers’ 
attention irrespective of the film’s script. The second criterion 
involved the presence of a disruptive and evoking event in all three 
film spaces such that the architectural elements therein were 
deconstructed. By weakening the influence of the script per clip 
(to avoid critical storyline and dialogs), the architecture of 
featured spaces within the clips was prioritized to influence the 
audience’s perception.

To fulfill these two criteria, we focused on particular scenes in 
which a one-point perspective and point-of-view or eye-level-view 
shots were featured in the clips. Accordingly, the film form analysis 

TABLE 1 Related research review.

Author(s) Discussion Methods Results

LeDoux (1989) Studying interacting systems of the 

brain that mediate emotion and 

cognition

Conceptual framework reasoning Stimulus representations, affect 

representations, and self-representations 

coincidence in working memory leads to 

emotional experiences

Gross and Levenson (1995) Developing a set of films to elicit eight 

emotional states

Film screening assessment Films successfully elicited amusement, anger, 

contentment, disgust, sadness, surprise, 

neutral state, and fear

Wang and Cheong (2006) Developing a systematic approach in 

psychology and cinematography to 

address affective understanding

Extracting affective information from audio 

streams and films into categories

Results validate the efficacy of the audiovisual 

cues

Xu et al. (2008) Analyzing films’ emotion intensity and 

emotion type using arousal and 

valence-related features hierarchically

Experimental assessments Results show that viewers prefer to access 

movie content by emotion intensity levels 

while satisfied with the emotion detection

Dijkstra et al. (2008) The importance of individual 

differences in sensitivity toward colors 

in healthcare environments

Stimulus screening assessments The effects of environmental coloring on 

stress, arousal, and cognitive appraisal were 

significant from different subject scores

Schaefer et al. (2010) Testing and developing the 

effectiveness of a new and 

comprehensive set of emotional film 

excerpts

Subjective assessments from the film screening Film clips were effective in emotional 

discreteness, arousal, and positive and 

negative affect

Smith et al. (2012) Reviewing the history of empirical 

investigations into movie perception 

from various methods

Review Sensory-motor processing differences 

between movies and reality help perceive 

continuity in the real world

AL-Ayash et al. (2016) Learning, physiological and emotional 

states can be affected by colors in 

private study spaces

Analysis of emotional and physiological 

responses

Changes in colors have a significant impact 

on psychophysiological properties in study 

environments

Hakak et al. (2016) The role of the pre-central gyrus in 

perceiving abstract spatial 

environments

Questionnaire reports from experimental 

environments

Correlation between designed environments 

and already experienced physical world

Higuera-Trujillo et al. (2021) Impacts of neural activity during 

exposure to environmental situations

Scoping review There is great potential in the 

neuroarchitecture approach for future design 

and studies

Sakhaei et al. (2022) Examining if film stimuli help perceive 

architectural qualities to highlight 

mental health and improved cognitive 

tasks

Psychophysiological assessments The intensive disruption of architectural 

elements indicates improved cognitive 

perception of spatial qualities, and enhanced 

interaction and can signify sustainable design 

criteria
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system (Bordwell et al., 1993) was regarded as a reference to extract 
standard scenes to depict the best affective experience of observing 
film spaces and space configurations. This camera height and angle 
choice could help our depicted spaces impart an illusion of being 
present within the visualized spaces. Face validity of the film clips’ 
final editing was examined by sending the final films to experts and 
academics in the fields of architecture and cinema to identify 
problems with the clarity of film contents to appropriately deliver the 
architectural space qualities based on our criteria. The video contents 
were then revisited and finalized based on experts’ feedback.

Thus, three film clips with an average of 5 min duration and a 
total of 15 min were edited for the experiment. The first and last 
2 min of each film narrate a classic cozy home space, while the 
middle one and a half minutes show evoking events that change 
the physical shape of architectural elements. The house space was 
chosen to arouse a sense of familiarity within the participants.

Each clip is split into three parts; the ordinary scene in the first 
part shown to subjects allows them to be immersed in the space, 
thus allowing them to get acquainted with spatial characteristics. 
The middle section illustrates the event scene in which the previously 
shown architectural elements get destroyed and lose their function. 
In the third or final part of each movie following the event scene, 
subjects watched the same first part of the clip (Figure 1). They 
watched the repeated scene so that we could assess their cognitive 
responses and emotions that could have been possibly affected by 
the middle scene’s disruptive events. Participants’ perception of 
spatial quality and emotions were assessed by conducting three 
questionnaires-based surveys during the screenings.

Film plot summaries and details

Table 2 describes plot summaries and scenes’ details of the 
three films.

Data collection of biofeedback and 
psychological measurements

We tried to conduct the research in the same timeline every 
day to create a more homogenous psychological atmosphere for 
participants. The experiment was performed between 11 a.m. and 
2 p.m. in the same room with a constant temperature of 25 degrees 
Celsius for all subjects. We  chose this timeline as people’s 
consciousness level could be appropriate enough to observe the 
films and evaluate the spaces. We tried to perform data collection 
in a single season of the year to preserve the homogeneous mental 
situation of participants that could be related to weather conditions. 
Accordingly, the tests were performed from September to 
December, which is the Autumn season in the experiment’s location.

Three standard questionnaire-based surveys were conducted to 
capture psychological changes during the film screenings. 
Questionnaires including Aesthetic Chills, The Self-assessment 
Manikin, and Normalized Accumulated Quality were filled out in 

paper and pencil format to assess emotional responses. The Aesthetic 
Chills (chills) questionnaire consisted of 10 questions about 
emotional reactions from the films’ observations. According to Silvia 
and Nusbaum (2011), the chills test could serve as a standard 
assessment test wherein people engage with art forms such as movie 
content. Participants can also write down in detail their self-
description of emotional state for each questionnaire’s item. The Self-
Assessment Manikin test (SAM) involved gathering information 
pertaining to the participant’s feelings of pleasure, arousal, and 
dominance using a 9-point scale. The SAM test describes individuals’ 
emotional feelings regarding three independent characteristics: 
pleasure, arousal, and dominance (Bradley and Lang, 1994). In this 
model, pleasure represents a continuous feeling ranging from severe 
sadness to extreme joy when watching different film sequences. 
Arousal illustrates the mental activity ranging from feeling asleep to 
an unpleasant thrill. Dominance is related to the sense of being 
controlled and limited when exposed to various events in the movies 
(Mehrabian and Russell, 1974). The Normalized Accumulated 
Quality (NAQ) involves a human subjective evaluation of 
geometrical characteristics in space (Zawidzki, 2016a). The NAQ is 
focused on assessing spatial perception as opposed to aesthetic 
features of a space.

After letting the participants feel relaxed and calm in the room 
where the experiment was conducted, the participants were 
briefed regarding the experiment procedure. The candidates were 
specifically instructed to assess the observed architectural details 
and spatial features thoroughly. The participants sat in front of a 
15-inch laptop with loudspeaker audio to view the movie contents. 
After they watched the ordinary sequence, we paused the clip and 
asked them to fill out the chills, SAM, and NAQ questionnaires 
related to the first 2-min scene. Upon completing the three 
questionnaires, we continued screening the second scene with 
disruptive events alongside the ordinary scene without a pause in 
between. This was followed by the ordinary scene that was 
precisely the one screened in the first part of the movie. The film 
clip was not paused while transitioning from the second scene to 
the third scene, thus allowing the participants to assess the 
ordinary space based on the psychological changes that affected 
their emotions in the middle of the movie. Post this exposure, the 
participants were asked to complete the same chills, SAM, and 
NAQ survey again; Data was thus gathered for two distinct phases: 
pre-event and post-event, with two entirely identical scenes 
(scenes 1 and 3) with the latter one hypothesized to have been 
impacted by cognitive stimuli. This protocol was executed for all 
films. The participants were separated into three groups of thirty 
people per group for each movie. Additionally, we captured a 
video from each subject during their film screenings to report an 
observational analysis of apparent psychophysiological changes.

Statistical analyses

The Pearson correlation coefficient was performed to 
evaluate the association between NAQ and variables including 
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chills, pleasure, arousal, and dominance in different films. The 
impact of chills, pleasure, arousal, and dominance on NAQ 
was evaluated using the univariate regression model. The 
adjusted impact of variables on NAQ was assessed using a 
multivariate regression model by different films, meaning that 
the adjusted impacts of chills, pleasure, arousal, and 
dominance on NAQ were compared between the three films. 
R-squared was reported to measure the proportion of the 
variance for a NAQ explained by an independent variable. The 
variance inflammatory factor (VIF) was used as an indicator 
of multicollinearity, which is a statistical concept where 
several independent variables in a model are correlated. Two 
variables are assumed to be  significantly collinear if their 
correlation coefficient is ±1.0. All analyses were conducted 
using R (version 4.0.2) and SPSS (version 26). p-values <0.05 
were regarded as statistically significant.

Results

Analyzing the NAQ components resulted in identifying that 
the ‘Harsh’ factor showed the highest fluctuation between 
pre-event and post-event evaluations (−3.00 for Film 1, −3.10 for 
Film 2, and −3.60 for Film 3). The ‘Chaotic’ (−2.80 for Film 1, 
−2.80 for Film 2, and −3.10 for Film 3) and ‘Artificial’ (−1.80 for 
Film 1, −1.30 for Film 2, and −3.00 for Film 3) factors also had 
the highest negative impacts on assessing of space qualities. Events 
had the most positive impact on the Diverse factor of NAQ (−0.50 
for Film 1, +0.90 for Film 2, and +0.50 for Film 3). Overall, the 
Film 3 event had the highest impact on understanding the NAQ 
among the three film spaces.

The association between NAQ and variables such as chills, 
pleasure, arousal, and dominance are reported in Table 3. In film 
1, NAQ was significantly associated with chills (0.56; 95% CI: 
0.25, 0.76), pleasure (0.87; 95% CI: 0.73, 0.93), arousal (0.4; 95% 
CI: 0.08, 0.69), and dominance (0.44; 95% CI: 0.09, 0.69). This 
report illustrates that participants’ emotional states were 
significantly related to understanding the quality of space. The 
disruptive events in film 1 led to a substantial difference in 
evaluating normalized spatial qualities between pre-event and 
post-event scenes and highlighted a meaningful relationship 
with emotional feelings. There was also a significant positive 
relationship between NAQ and pleasure (0.72; 95% CI: 0.47, 
0.85) in film 2. In film 3, however, the correlation between NAQ 
and arousal was observed to be positive and significant (0.37; 
95% CI: 0.01, 0.64). The overall association of emotional feelings 
with normalized space quality depicts that the subjective 
assessments of space qualities could significantly impact the level 
of feeling pleasure and arousal. In some scenes, the high 
correlations of chills and dominance with assessing the space 
quality were observed.

Table 4 shows the crude and adjusted impact of variables on 
the NAQ across different films. According to the results of film 1, 
the average NAQ was raised for each unit increase in the chills 
(0.73; 95% CI: 0.32, 1.4), dominance (0.17; 95% CI: 0.04, 0.31), 
arousal (0.20; 95% CI: 0.04, 0.36) and pleasure (0.28; 95% CI: 0.22, 
0.35) factors. A significant impact was also found on NAQ for 
adjusted chills (0.37; 95% CI: 0.04, 0.70) and pleasure (0.31; 95% 
CI: 0.23, 0.39) factors. Accordingly, the emotional changes in 
participants illustrated a reasonable trend with changes in 
perception of spatial qualities. Subjects’ emotional changes from 
film 1’s space-related stimuli illustrated an impact on architectural 

FIGURE 1

Research design.
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quality assessments when we adjusted the impact of each variable 
on normalized space quality. In film 2, the significant impact of 
dominance (0.13; 95% CI: 0.00, 0.26) and pleasure (0.23; 95% CI: 
0.14, 0.32) factors on NAQ was observed using the univariate 
model, whereas only the adjusted effect of pleasure factor on NAQ 
remained significant throughout the multivariate model (0.23; 
95% CI: 0.15, 0.31). This report shows that feeling dominated and 
pleased among emotional responses in film 2 could influence 
normalized space quality judgments more than chills and arousal. 
According to film 3 and the univariate model, arousal was the only 
variable that significantly impacted the NAQ (0.12; 95% CI: 0.00, 
0.23). The adjusted R-squared for films 1, 2, and 3 was 0.78, 0.59, 
and 0.05, respectively. VIFs were <5 for all variables. As shown in 
Figure  2, the linear regression was fitted for NAQ and other 
variables. Higher slopes were illustrated for models in film 1, 
showing a more significant impact of emotional responses on 
perceiving normalized space quality than events in films 2 and 3.

Discussion

This research tried to understand the impact of emotion-
eliciting stimuli in space on environmental perception. Since 
environmental quality is beneficial to achieving a sustainable and 
communicative design (Li et  al., 2021), we  relied on human 
subjective evaluation (HSE) of space, previously developed by 
Zawidzki (2016b), to capture the association of normalized factors 
of spatial quality with chills, pleasure, arousal, and dominance in 
three films. Besides this, significant psychological feedback was 
also extracted by editing affect-based video clips with a potential 
valence-arousal feature (Soleymani et al., 2009). Based on previous 
experiments by Xu et al. that categorized a film’s content into calm, 
average, and exciting (Xu et al., 2008), we divided our scenes into 
pre-event, event, and post-event in order to systematically compile 

the feedback from the participants. We  also standardized the 
camera angle, movements, and other space-related factors to 
control the experiment, as mentioned in an earlier study (Carvalho 
et al., 2012).

Our assessment revealed that the participants’ expectations 
changed from the pre-event scenario where they tried to 
memorize the environment to the event scene. It was also observed 
that during the event scene, participants’ attention to architectural 
qualities had been substantially elevated and hence, impacted 
their post-event responses. This could have also impacted the 
assignment of a superior form of attention to the disruptive events 
when they scored the post-event scene’s assessments. As previously 
validated by Bernstein (2018), this process can highlight the 
critical role of sensory information in determining cognitive 
behavior (Smith et al., 2012). During the event scene, significant 
alterations to the physical environments occurred in spatial 
arrangements, lighting, and the forms of architectural elements. 
While changes in the physical environment’s elements improved 
the overall spatial perception of participants, the experiment can 
validate the Cognitive Load Theory, which discussed the impact 
of spatial characteristics on environmental learning improvement. 
As discussed in the literature, order, diversity, and a balanced 
environment influence the perception of space and cognitive 
function. Likewise, after participants’ subjective evaluation of 
space in the three films, NAQ’s negative factors of Harsh, Chaotic, 
and Artificial were the most influential items impacted by post-
event evaluation. On the contrary, the positive factor of “Diverse” 
was the most noticeable item affected by the events.

In the experiment, almost all emotional responses correlated 
significantly with the subjective evaluation of space. Among chills 
and PAD variables, both pleasure and arousal highlighted their 
substantial association with the evaluation of space. Similar 
studies also validated that utilizing film content stimuli elicited 
emotional feelings in participants (Gross and Levenson, 1995; 

TABLE 2 Plot summaries and space-related features in the film clips.

Film name Plot summary Pre-event scene details Event scene details

Film 1: The Money Pit (1986) A young couple pays a visit to a classic 

architecture house to buy the place. As the 

house needs renovation to satisfy their 

desires, however, unpredictable accidents 

devastate the couple’s renovation process

The young couple checks the house to 

conclude if it is proper to buy. They start the 

renovation together to make it suitable to live 

for their future

The front door falls during the renovation, 

and the interior main stairs collapse. The 

electrical wiring in the kitchen catches fire 

while the tiles shatter. The chimney in the 

bedroom gets demolished when they lit 

the fire

Film 2: Zathura: A Space 

Adventure (2005)

Two young kids live with their father. As 

soon as their father leaves the house for a 

business, the lonely kids face strange 

events inside the house while playing a 

board game

An ordinary father-son play inside the house 

depicts a happy weekend in a family. The kids 

use the living room, stairs, and kitchen as 

playgrounds

The house gets hit by multiple fireballs that 

pierced the roof, the interior walls, and the 

ceiling and frightened the children. The 

kids run away for shelter as they watch 

their house gets demolished

Film 3: I, Robot (2004) Robots will work as human servants in the 

future. While there are strict rules to 

control them, a detective has to determine 

if a robot has violated the regulations and 

murdered a person

The detective walks into a vacant house for 

investigation. He suspiciously walks into the 

corridor, uses the stairs, and searches the 

private room for clues. At least for a while, 

he finds no unusual activity

A giant robot starts to invade the house 

from the outside. It destroys the walls and 

continues the demolishment until the 

place turns to ashes. The detective runs 

away to save his life during the invasion
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Schaefer et al., 2010). Higher correlation and impact of emotional 
arousal with space quality assessments indicate that the spatial 
stimuli could possibly represent categorized cues (Bruner, 1973). 
Subjects’ broader attention to architectural details may illustrate 
the role of spatial stimuli in creating a transcendent projection of 
the environment compared to the normal situation. The emotional 
arousal can indicate that the events in the films might have helped 
establish an apparent reality by shifting from entertainment space 
to executive space discussed in Dual Awareness Theory (Tan, 
2008). Participants’ engagement with the movie contents alongside 
emotional behavior elevated after the event scene, indicating their 
strong interaction with the scenes’ content and structural 
information as explained in the Limited Capacity Model. In Lang’s 
LCM model (Lang, 2000), changes in space structure and the 

deconstruction of elements are integrated with the viewer’s 
emotional states. As a result, we  tried to focus on mental and 
cognitive aspects of space to demonstrate the importance of 
enhanced perception in sustainable design thinking.

The high association of chills and arousal with NAQ may also 
show that our experiment may explain the interrelationship 
between aesthetic judgments and emotion in space evaluation 
mentioned in the Leder model (Leder et al., 2004). Accordingly, 
the art-eliciting judgments in our experiment were followed by 
chills and goosebumps (Salimpoor et al., 2009; Laeng et al., 2016), 
feeling joy (Panksepp, 1995; Nusbaum et  al., 2014), and PAD 
(Mehrabian and Russell, 1974; Gifford, 2007). The highest slopes 
of regression graphs were reported for the impact of chills and 
PAD on NAQ in film 1. The factors of chills and PAD as predictors 
for NAQ also showed high slopes for films two and three, 
demonstrating a meaningful relationship with NAQ. To validate 
the psychological reports of participants from observational data 
collection, we  relied on the video-recorded data from their 
apparent psychophysiological changes and discovered minor 
alterations in pupils’ size, skin tone color, and even slight 
goosebumps during the event scenes. In addition, some 
individuals reported being aroused and overwhelmed by the space 
stimuli. Conversely, subjects reported being more relaxed with no 
apparent arousal in their body or face during the pre-event scenes. 
This observational study can demonstrate a sufficient alignment 
between psychophysiological responses and observational analyses.

According to our results, the adjusted impact of chills and 
PAD variables on the space quality assessments depicted a 
meaningful increasing trend as the average NAQ increased with 
elevated emotional arousal. However, among the three films, film 
1’s post-event evaluation signified a stronger relationship 
between emotional responses and NAQ assessments both in 
correlation and regression analyses. In film three analyses, the 
arousal factor was mainly associated with the NAQ compared to 

TABLE 3 The association between NAQ score and variables including 
chills, pleasure, arousal, and dominance.

Film name Variables Pearson 
correlation  

(95% CI)

Value of p

1 NAQ – Chills 0.56 (0.25, 0.76) 0.001

NAQ – Pleasure 0.87 (0.73, 0.93) <0.001

NAQ – Arousal 0.44 (0.08, 0.69) 0.016

NAQ – Dominance 0.44 (0.09, 0.69) 0.015

2 NAQ – Chills 0.26 (−0.11, 0.57) 0.164

NAQ – Pleasure 0.72 (0.47, 0.85) <0.001

NAQ – Arousal −0.12 (−0.46, 0.26) 0.541

NAQ – Dominance 0.36 (−0.01, 0.64) 0.050

3 NAQ – Chills 0.17 (−0.20, 0.50) 0.362

NAQ – Pleasure 0.18 (−0.20, 0.50) 0.354

NAQ – Arousal 0.37 (0.01, 0.64) 0.043

NAQ – Dominance 0.32 (−0.05, 0.61) 0.087

The 95% CI was calculated for bivariate correlation variables considering the bias 
adjustment.

TABLE 4 The crude and adjusted impact of dominance, arousal, and pleasure on the NAQ by film name.

Film name Variables Univariate regression Multivariate regression

Coefficient  
(95% CI)

Value of p R2 Coefficient  
(95% CI)

Value of p Adjusted R2 VIF

1 Chills 0.73 (0.32, 1.4) 0.001 0.32 0.37 (0.04, 0.70) 0.028 0.78 2.03

Dominance 0.17 (0.04, 0.31) 0.015 0.20 −0.08 (−0.18, 0.02) 0.113 1.93

Arousal 0.20 (0.04, 0.36) 0.016 0.19 −0.09 (−0.21, 0.03) 0.117 2.13

Pleasure 0.28 (0.22, 0.35) <0.001 0.75 0.31 (0.23, 0.39) <0.001 1.93

2 Chills 0.28 (−0.12, 0.67) 0.164 0.07 0.19 (−0.13, 0.51) 0.236 0.59 1.55

Dominance 0.13 (0.00, 0.26) 0.050 0.13 0.09 (−0.02, 0.20) 0.113 1.52

Arousal −0.06 (−0.27, 0.14) 0.541 0.12 −0.01 (−0.15, 0.13) 0.883 1.14

Pleasure 0.23 (0.14, 0.32) <0.001 0.51 0.23 (0.15, 0.31) <0.001 1.08

3 Chills 0.12 (−0.14, 0.378) 0.362 0.03 0.06 (−0.36, 0.47) 0.789 0.05 2.75

Dominance 0.12 (−0.02, 0.26) 0.087 0.10 0.09 (−0.11, 0.29) 0.371 2.10

Arousal 0.12 (0.00, 0.23) 0.043 0.14 0.05 (−0.18, 0.28) 0.662 4.04

Pleasure 0.09 (−0.11, 0.29) 0.354 0.03 0.09 (−0.14, 0.32) 0.418 1.40

NAQ is the dependent variable; VIF, Variance Inflammatory Factor. Bold values show that they are significant.
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other variables, meaning that the events of film three highly 
intensified the level of arousal than in the other two films. It can 
be construed that the structure of the events in film 1 was more 
indicative of apparent reality than in the other films. In film 1, 
real architecture elements shatter without significant visual 
effects. In the second and third films, subjects witness the same 
deconstruction of architectural elements but with moderate 
visual effects that intensify the events. The lower association of 
emotional responses during spatial assessments in films 2 and 3 
may prove that the higher level of assuming the environment as 
an Entertainment Space can impact the judgment of spatial 
character. As mentioned in the dual awareness theory (Tan, 
2008), in the second and third films, the lower level of 
engagement with events led to perceiving the environment only 
as an entertainment space. In contrast, film 1’s events could 
possibly lead the Executive Space to support the constructed 
imagery of the Entertainment Space by creating a higher 
association of emotional responses with the perception of spatial 
qualities. Capturing the association between psychological 
aspects of space and environmental qualities helped us notice the 
interrelation between sustainable design thinking and 
environmental research.

The overall association of chill and PAD with subjective 
evaluation of space demonstrated that normalized accumulated 
quality could be related to emotional states of feeling goosebumps, 
enjoyment or sadness, aroused, and dominated. We  tried to 
establish a standard and controlled experiment to simulate real 
physical environments through the mediation of film context to 
capture the association between normalized space quality 
perception and emotional arousal. This mediation of cinematic 
context can help us understand how the human mind learns, 
memorizes, and judges its surroundings. Hence, we will be able to 

improve our built environment by enhancing spatial cognition 
and environmental interactions. This improvement can validate 
more sustainable and communicative space criteria in an 
interactive environment by influencing designers to highly regard 
cognitive emotions and space qualities within the communication  
discussion.

Conclusion

This study highlighted that using affect-based video clips 
focusing on space-related stimuli can be an operational approach 
to capture the association of psychological responses with the 
perceived quality of a normalized place. By introducing spatial 
stimuli in a conventional spatial environment, the mind’s cognitive 
ability can be enhanced by improving the learning process and 
categorizing events as cues to improve environmental perception. 
The impact of events on emotional changes can help understand 
the intensity of cognitive load to assess spatial qualities. Capturing 
the psychological states of individuals and their relationship with 
spatial judgments, especially when people are exposed to 
environmental stimuli, can contribute to designing a highly 
sustainable place.

Limitations and future research

In this study, we  focused on the affective responses from 
different groups of participants from the same culture. However, the 
affective responses can vary from person to person and culture to 
culture. An affect representation of particular individuals could 
be controversial and generalized to a broad population (Wang and 

FIGURE 2

Scatter plot showcasing the arousal, chills, dominance, and pleasure variables as the predictors of NAQ.
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Cheong, 2006). We  propose that this study be  conducted for a 
broader group of people with different nationalities or experiences 
to consider people’s preferences and variety, thus promoting efficient 
affect analyses of space stimuli. Another important matter that 
requires critical attention for future research is controlling the film 
content parameters. Accordingly, the environmental stimulation in 
films may differ from the real environment and lead to the result 
distortions. This important criterion should be highly noted when 
the self-evaluations are prone to bias since they mainly assess the 
conscious human responses to the space (Schwarz and Strack, 
1999). We suggest that future similar studies reflect the possible 
unconscious aspects when measuring individuals’ cognitive 
activities in mediated environments like films by noting that most 
emotional states appear at the unconscious level (Zaltman, 2003).
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Background: Understanding public perceptions of climate change and how

individuals perceive it is critical to developing effective communication

strategies, policies, and socially robust technologies to relieve the risks of

climate change. Despite the growing literature on climate change, until now,

researchers in Arab countries have not been interested in studying citizens’

perceptions of climate change or identifying the factors that predict it. This

study aimed to identify and understand the nature and dynamics of public

perceptions of climate change among Arab citizens and detect the level of

climate change perception (CCP) and climate values (CV). Also, to detect the

predictability of CCP from CV. As well as to reveal the differences between

CCP and CV.

Methods: A random sample consisted of 465 participants (236 male and 229

female), residents of the Kingdom of Saudi Arabia; their ages ranged from

30 years and over. The Climate Change Perception Questionnaire (CCPQ) and

Climate Values Questionnaire (CVQ) were applied online.

Results: The results found average levels of CCP and CV among the study

sample. The results also revealed significant statistical differences in the CCP

and CV due to gender in favor of females. As well as, there were significant

statistical differences in the CCP due to the career field in favor of agriculture,

engineering, and construction workers. Also, there were statistical differences

in the emotional subscale of climate perception and CV due to age groups

in favor of individuals whose ages ranged from 30 to 45 years. The results

also found that the CV were a statistically significant predictor (1.2% of total

variance) of climate perception.

Conclusion: The current study showed an average level of CCP and CV

among individuals in the Kingdom of Saudi Arabian. The findings also

concluded that individuals’ perceptions of climate change are an individual

response determined by the individual’s gender, age, and career field

and are affected by his values about climate. These findings shed light

on the need for climate communications to increase the level of CCP

and CV, especially among males and individuals in the age group over
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45 years and individuals working in various career fields, whether education,

engineering and construction, and commerce and business, etc.; to improve

the engagement in mitigation and adaptation measures to climate change.

KEYWORDS

climate change, climate perception, climate values, Self-transcendence values, self-
enhancement, hedonic values, egoism, altruism

Theoretical background

The perception of climate change has grown significantly
over the last few decades, while the level of concern has varied
through time and worldwide. Though it developed in several
Western nations in the late 2000s, skepticism regarding the
existence and severity of climate change is mainly low among
the general population worldwide (Clarke et al., 2012; Hansen
et al., 2012; Altea, 2020).

To encourage widespread public participation and to
create successful communication and educational strategies to
encourage climate mindfulness and citizenship, it is essential
to understand how the general public views climate change.
Understanding how people feel about climate change and
how it should be addressed is necessary for developing and
implementing viable policies and technology that will help us
reduce and adapt to it (de Matos Carlos et al., 2020; Fourment
et al., 2020; Arnout, 2022a). Various psychological elements,
such as information, beliefs, attitudes, anxiety, influence, and
perceived threats associated with climate change, have all
been called “climate change perceptions (CCP).” The term
“perceptions” refers to people’s internal representations of the
problem of climate change, including their cognitive (e.g.,
knowledge), emotional (e.g., feelings), and evaluative (e.g.,
perceived risks) dimensions. However, we understand that these
representations are influenced by social processes and cultural
context (Kahan, 2015; Lehner and Stocker, 2015; Clayton and
Manning, 2018).

Since the early 1980s, research on public perceptions of
climate change has increased. Clayton and Manning (2018)
mentioned that surveys have shown that perception and
subjective knowledge about climate change have grown
during the previous three decades. However, a cross-
country study conducted in 2014 in three European nations,
China, the United States, and Canada, showed that general
respondents were primarily well-informed about climate change
(Basannagari and Kala, 2013; Singh et al., 2017; Soliman et al.,
2018; Kim and Ahn, 2019).

Climate change perceptions are shaped by cognitive
processes (such as information assimilation) and social
interaction within a given cultural context. Climate change
is recognized primarily through mass communication,

interpersonal communication, formal education, and other
channels (Sterman and Sweeney, 2007; Spence et al., 2012;
Clayton and Manning, 2018). As a result, media like newspapers
and television have been essential in shaping public perceptions
of climate change, particularly by highlighting debate over
the topic and connecting it to pertinent social and political
developments (Clayton and Manning, 2018).

According to a qualitative study on climate perceptions,
people’s direct associations with climate change are based
on recurring themes such as weather changes and potential
climate impacts, the causal role of human activities and
natural cycles, and the connection between climate change
and consumer society. Other studies have revealed that
rather than being seen as a standalone problem, the public
percept climate change as a component of a larger group of
social and environmental problems, including air pollution,
industrialization, consumption, and population increase
(Milfont, 2012; Spence et al., 2012; Busse and Menzel, 2014).

Consequently, this conceptual link reflects media coverage
that frequently discusses climate change in the context of
local weather stories, like floods in the UK, as well as a
fundamental understanding of nature and natural processes,
such as how they are cyclical or continuously changing. It’s also
likely that people’s mental associations are brought on by how
climate change is perceived as a novel idea about well-known
concepts and events, a phenomenon known as “fixation” in the
psychosocial literature. This embedded perspective on climate
change implies that surveys and interviews will ostensibly reveal
“misconceptions” about how various environmental and social
issues are related to climate change. Instead of attempting
to communicate abstract scientific “facts” that may have little
application to everyday life, officials can use such socially
rooted narratives to engage the public in climate change actively
(Hansen et al., 2012; Gurgiser et al., 2016; Clayton and Manning,
2018; de Matos Carlos et al., 2020).

Numerous studies have shown that people’s views on climate
change vary significantly within and within countries. People’s
opinions of climate change varied widely around the world,
with Latin America and developed Asia displaying relatively
high levels of fear compared to other regions. This is probably
attributable to the higher risk exposure, cultural values (such
as a greater emphasis on environmental protection), political
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climate (such as left-wing politics), and media coverage style.
Studies also show diverse attitudes, from the most engaged and
concerned doubters to the ones who are merely apathetic or
uninterested (Sánchez-Cortés and Lazos, 2011; Hansen et al.,
2012; Lehner and Stocker, 2015; Stoknes, 2015).

Belief and concern about climate change vary according to
a range of factors, such as gender and age (specifically, men
and the elderly tend to be more skeptical and less concerned
about climate change, although the results of studies find that
variables of values, an individual’s view of the world and
ideology are substantial and statistically significant predictors
of demographic, cognitive, or other factors (Daniel et al., 2001;
Milfont, 2012; Kahan, 2015; Clayton and Manning, 2018).

Bauman et al. (2018) mentioned that individuals think and
behave in line with their endorsed values; this means that
if an individual endorses biospheric and altruistic values, his
behavior is more pro-environmentally. While the individual
who endorse egoistic and hedonic values their behaviors less
pro-environmentally.

According to Hicks et al. (2015) about environmental
values and the suggested framework by Marshall et al. (2018)
about human-environment cultural values, there are two types
of environmental values: self-transcendence values contain
biospheric and altruistic values; and two self-enhancement
values include egoistic and hedonic values (Hicks et al., 2015;
Bauman et al., 2018; Marshall et al., 2018). Hicks et al. (2015)
found that these environmental values correlated and shaped a
consistent pattern in line with human values theory. Marshall
et al. (2019) found that environmental value orientations
significantly affect the response to climate change, especially
biospheric and altruism, while egoism influences grief response.
Thus, Marshall et al. (2019) concluded that values might be a
valuable communication method for climate change.

The current study aims to reveal the possibility of these
values predicting individuals’ perceptions of climate change
since the Arab researchers did not focus on studying the
psychological explanation of individuals’ perceptions of climate
change and what factors contribute to predicting CCP.

Materials and methods

Design and participants

This study used a cross-sectional descriptive design to assess
the levels of perception of climate change. A comparative
design was used to examine CCP and CV in the Kingdom of
Saudi Arabia to identify variations in CP and climate values
(CV) caused by demographic factors. The researcher selected
randomly (465) residents in the Kingdom of Saudi Arabia,
divided into subgroups according to demographic variables:
gender (male n = 236, 50.75%; female n = 229, 49.25%), career
field (education n = 134, 28.82%, commerce, and business

n = 104, 22.36%, engineering, and construction n = 117, 25.16%
and agriculture n = 110, 23.66%), and also divided to three age
subgroups (from 30 to 45-year n = 147, 31.61%, 46-to-60-year
n = 232, 49.90%, and up to 61-year n = 86, 18.49%).

Data collection instrument

The researcher developed the Climate Change Perception
Questionnaire (CCPQ) and Climate Values Questionnaire
(CVQ) and applied them online using Google Forms. The
online link was sent to many individuals in the Kingdom
of Saudi Arabia. The CCPQ (Supplementary Appendix 1)
consists of 21 items divided into three aspects of CCP: cognitive,
emotional, and evaluation. Answers are given using a 5-point
Likert questionnaire (never = 1 to very much = 5). And the
CVQ (Supplementary Appendix 2) also consisted of 10 items;
individuals can answer by choosing one of the 5-point Likert
(never = 1 to very much = 5).

Climate change perception
questionnaire validity

Before conducting the exploratory factor analysis (EFA)
analysis on the CCPQ, the researcher conducted Bartlett’s
test of Sphericity and the Kaiser–Meyer–Olkin measurement
of sampling adequacy (KMO) to verify that the sample was
adequate for conducting this analysis. Bartlett’s test of Sphericity
for CCPQ was significant (χ2 = 8,883.753, df = 210, p < 0.001),
and the KMO value was acceptable at 0.925. CCPQ items’
component load ranged from 0.510 to 0.914. The EFA results
suggest that CCPQ consisted of the 3-dimensional construct
(Table 1).

The CCPQ also exhibits good reliability since Cronbach’s
alpha coefficients for the three subscales and total CCP
were (0.966, 0.900, 0.70, 0.930, respectively) high. Also, the
correlations between the items and the total score of the
subscales were high, ranging between 0.540 and 0.924.

Climate values questionnaire validity

The results of Bartlett’s test of Sphericity and the KMO
revealed that the sample was adequate for conducting this
analysis. Bartlett’s test of Sphericity for CVQ was significant
(χ2 = 3,183.952, df = 45, p < 0.001), and the KMO value was
acceptable at 0.923. CVQ items component load ranged from
0.766 to 0.825. The EFA results showed that CCPQ consisted of
the one-dimensional construct (Table 2).

The CVQ also exhibits good reliability since Cronbach’s
alpha coefficient was (0.935) high. Also, the correlations between
the items and the total score of the subscales were high, ranging
between 0.770 and 0.823.
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TABLE 1 Saturations of the items of the climate change perception
(CCP) questionnaire by factors after the rotated component matrix.

Items Emotional Appraisal Cognitive

1 0.807

2 0.913

3 0.881

4 0.914

5 0.853

6 0.836

7 0.903

8 0.867

9 0.859

10 0.873

11 0.817

12 0.816

13 0.785

14 0.827

15 0.807

16 0.820

17 0.769

18 0.857

19 0.805

20 0.809

21 0.510

Total 7.979 5.830 1.552

% Of Variance 37.997 27.760 7.390

Cumulative% 37.997 65.757 73.146

Extraction method: Principal component analysis. Rotation method: Varimax with
Kaiser normalization.

TABLE 2 Saturations of the items of the climate values (CV)
questionnaire by principal component analysis.

Items 1

1 0.781

2 0.807

3 0.766

4 0.818

5 0.799

6 0.789

7 0.774

8 0.819

9 0.825

10 0.787

Total 6.348

% of Variance 63.477

Cumulative% 63.477

Data analysis

Using IBM SPSS Statistics, Version 25, the data was
statistically examined. The researcher used descriptive statistics,

including percentages, frequencies, and the mean, and standard
deviation for sociodemographic variables, to gauge how much
the study sample perceived and valued climate change. The
Kolmogorov–Smirnov test was employed to determine whether
the data distribution was normal. The researcher calculated
the correlations between scale items and subscales using
Pearson’s correlation coefficient. Additionally, Cronbach’s alpha
coefficients were utilized to confirm the CCPQ and CVQ’s
internal consistency. The factor structure of the CCPQ and CVQ
was examined using EFA. Independent samples T-test and one-
way ANOVA between-groups comparisons were used to detect
the differences due to demographic variables, and p < 0.05
statistical significance level was approved, and a Scheffe test
was used to identify the direction of the differences. Also, a
linear regression was applied to examine the predictability of
CCP from CV.

Results

Climate change perception and
climate values scores

To determine the level of CCP and CV, the individuals were
classified into three levels of CCP, as follows: low level from (21
to 49), medium level from (50 to 77), and high level from (78
to 105). In the same way, the individuals were classified into
three levels of subscales (for example, the emotional subscale
of CCP: low level from (10 to 23.33); medium from (23.34
to 36.67); and high level from (36.68 to 50). Also, CV scores
are classified into three levels: Low level from 10 to 23.33,
medium level from 23.34 to 36.67, and high level from 36.68
to 50. The results in Table 3 indicated an average level of
CCP and CV.

Means and standard deviation of the
climate change perception and climate
values and their level

Differences in climate change perception and
climate values due to demographic variables

The statistical analysis results showed in Table 4 indicated
that there were statistically significant differences in CCP total
score, emotional subscale, and CV (t = 6.364, 2.087, and
2.539, p < 0.05, respectively) due to gender. While there
were no statistically significant differences in cognitive and
evaluation subscales of CCP due to gender (t = 0.434 and 0.829,
p > 0.05, respectively).

There were statistically significant differences in the
emotional subscale of CCP and the total score of CCP due
to career field. One-way ANOVA was calculated to detect the
differences between career field subgroups. The findings in
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TABLE 3 Means, standard deviation, and levels of the CCP and CV of
the sample study scores.

Measurements M St. deviation Level

Emotional 31.077 10.049 Average

Appraisal 25.443 6.759 Average

Cognitive 9.750 2.375 Average

CCP total score 60.759 8.920 Average

CV total score 30.142 9.205 Average

CCP, climate change perception; CV, climate values.

Tables 5, 6 indicated significant statistical differences due to
career field in the emotional subscale of CCP and the total score
(F = 4.456 and 3.935, p < 0.05). At the same time, there were
no differences in cognitive, evaluation, and CV (F = 2.551 and
1.185, p > 0.05).

To determine the direction of these differences, a Scheffe test
was applied, and the results are concluded as follows:

The results shown in Table 7 about the direction of the
differences between career field subgroups indicated that the
emotional subscale of CCP was high among workers in the
field of agriculture rather than workers in the field of education
(mean difference = 4.379, p < 0.05), also the workers in
the field of engineering and construction higher than the
workers of education field in the total score of CCP (mean
difference = 7.803 p < 0.05).

There were differences in the emotional subscale of CCP
and CV due to age group. One-way ANOVA was calculated to
detect the differences between age subgroups. The findings in
Tables 8, 9 indicated significant statistical differences due to age
group in the emotional subscale of CCP and CV (F = 3.565 and
3.524, p < 0.05). At the same time, there were no differences in
cognitive, evaluation, and total score of CCP (F = 0.253, 1.105,
and 1.559, p > 0.05).

To determine the direction of these differences, a Scheffe test
was applied, and the results are concluded as follows:

The results shown in Table 10 about the direction of
the differences between age subgroups indicated that the

emotional subscale of CCP and CV were high among individuals
whose ages ranged from 30 to 45 subgroup rather than 46–
60 years old subgroup (mean difference = 2.799 and 2.92,
p < 0.05, respectively).

Predict climate change perception from
climate values

The researcher used a simple linear regression to detect the
ability to predict CCP from CV. The simple regression model
predicting CCP total score proved to be statistically significant
(F = 5.392, p < 0.021). The results in Table 11 indicated that
the CV could predict CCP statistically significant; CV total score
explains 1.2% of the variance in total CCP (Beta [β] = 0.107;
95% Confidence Interval: [18.080, 2.322]; p < 0.05). We can
predict the CCP total score from this prediction equation:
CCP = 54.112 + 0.221× CV.

Discussion

The study findings showed an average level of CCP (total
score and subscales). The result of the current study is consistent
with the findings of the study by Hussein et al. (2019) that
only a small percentage of citizens in Lebanon have a high
level of awareness of climate change and their intentions to
reduce the carbon lifestyle. Clayton and Manning (2018) stated
individuals percept climate change as part of a broader set
of social and environmental problems, such as air pollution,
industrialization, consumption, and population increase, rather
than as a stand-alone problem. Therefore, the study sample’s
perception of climate change was average. Also, the results
found an average level of climate value. This finding can be
interpreted as weather events are not percept as evidence of
climate change unless one believes in climate change. Therefore,
the level of CCP and CV were average among the study
sample. Because, in general, climate change is viewed as an
issue of low importance to all other issues and challenges
facing society, such as economic development, global political

TABLE 4 Differences in climate change perception and climate values due to gender (male/female) variable.

Measurement Gender N Mean Std. deviation t-test Sig. (2-tailed)

Emotional Male 236 30.123 9.302 2.087 0.037

Female 229 32.061 10.697

Appraisal Male 236 25.699 6.116 0.829 0.407

Female 229 25.179 7.369

Cognitive Male 236 9.703 2.398 0.434 0.664

Female 229 9.799 2.355

CCP total score Male 236 55.479 18.595 6.364 0.000

Female 229 66.201 17.707

CV total score Male 236 29.080 9.266 2.539 0.01

Female 229 31.236 9.32
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TABLE 5 Differences in climate change perception (CCP) and climate values (CV) due to career field variable.

Measurement Career field subgroups N Mean Std. deviation

Emotional Engineering and construction field 134 31.948 10.308

Commerce and business field 104 29.952 10.355

Education field 117 28.957 9.356

Agriculture field 110 33.336 9.675

Total 465 31.077 10.049

Cognitive Engineering and construction field 134 9.955 2.399

Commerce and business field 104 9.596 2.518

Education field 117 9.325 2.173

Agriculture field 110 10.100 2.362

Total 465 9.750 2.375

Appraisal Engineering and construction field 134 25.694 7.097

Commerce and business field 104 25.298 7.567

Education field 117 24.573 6.347

Agriculture field 110 26.200 5.882

Total 465 25.443 6.759

Climate perception Engineering and construction field 134 65.179 18.177

Commerce and business field 104 59.615 19.869

Education field 117 57.376 18.724

Agriculture field 110 60.054 18.344

Total 465 60.759 18.920

Climate values Engineering and construction field 134 29.716 9.012

Commerce and business field 104 30.173 9.834

Education field 117 29.932 8.7116

Agriculture field 110 30.854 9.417

Total 465 30.142 9.205

TABLE 6 Results of group differences in climate change perception (CCP) and climate values (CV) due to a career field variable.

Variables Groups Sum of squares df Mean square F Sig.

Emotional Between groups 1,320.478 3 440.159 4.456 0.004

Within groups 45,536.735 461 98.778

Total 46,857.213 464

Appraisal Between groups 42.734 3 14.245 1.185 0.315

Within groups 2,574.328 461 5.584

Total 2,617.062 464

Cognitive Between groups 162.292 3 54.097 2.551 0.055

Within groups 21,040.447 461 45.641

Total 21,202.740 464

CCP total score Between groups 4,147.581 3 1,382.527 3.935 0.01

Within groups 161,955.443 461 351.313

Total 166,103.024 464

CV total score Between groups 85.398 3 28.466 0.334 0.800

Within groups 39,231.234 461 85.100

Total 39,316.632 464

Significant at 0.05 level.

instability, public health, and other environmental problems.
As well as the deep cultural conflict that exists over this issue
(Sterman and Sweeney, 2007).

Gifford (2011) hypothesized that 30 factors might act as
barriers to individuals’ perceptions of climate change and
changing their behaviors, including limited awareness, old
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TABLE 7 Multiple comparisons in the emotional subscale of climate change perception (CCP) and CCP total score due to career field variable.

Measurement Career field Agriculture field Engineering and construction field Education field

Emotional Agriculture field – 4.379*

Engineering and construction field −4.379* –

Climate change perception Engineering and construction field – −7.803*

Education field 7.803*

*Mean differences were significant (p-value < 0.05).

brain, ignorance, environmental numbness, mistrust, reduced
judgment of risk, unrealistic/biased optimism, and lack of
perceived behavioral control, ideology, superhuman powers,
technological revolution, others of importance, social norms,
social comparison, perceived injustice, behavioral momentum,
the strength of habits, resistance, and denial.

These results about the average level of perception of climate
change and CV can interpret using the framework of values
of Schwartz (1994), as it has been shown in many studies that
support the values of the “transcendent self,”—which includes
a focus on protecting and caring for others—is linked to
acceptance of the reality of climate change, and level of concern
about the issue, as well as support for policies designed to relief
climate change and a willingness to act in an environmentally
friendly manner. Drawing on an alternative concept of the
“Schwartz” framework, others have suggested the importance
of other-oriented values such as selfishness, altruism, and the
biosphere as negative influences on climate change recognition,

TABLE 8 Differences in climate change perception (CCP) and climate
values (CV) due to age group variable.

Measurement Age subgroups N Mean Std. deviation

Emotional 30–45 years 147 32.8503 10.99399

46–61 years 232 30.0517 9.73443

Up to 61 years 86 30.8140 8.81778

Total 465 31.0774 10.04915

Cognitive 30–45 years 147 9.7823 2.22229

46–61 years 232 9.6164 2.38216

Up to 61 years 86 10.0581 2.59572

Total 465 9.7505 2.37491

Appraisal 30–45 years 147 25.6803 7.26880

46–61 years 232 25.2198 6.78609

Up to 61 years 86 25.6395 5.76789

Total 465 25.4430 6.75985

Climate perception 30–45 years 147 63.0204 20.17101

46–61 years 232 59.8448 17.78861

Up to 61 years 86 59.3605 19.55079

Total 465 60.7591 18.92038

Climate values 30–45 years 147 31.3061 9.46704

46–61 years 232 29.0129 8.99903

Up to 61 years 86 31.1977 9.03173

Total 465 30.1419 9.20511

policy support, and pro-environmental behavior. Selfishness
negatively affects recognition of the problem of climate change
and support for policies designed to address climate change,
while altruism and biosphere influence positively. Studies
showed that other-oriented values (such as altruism) are
associated with environmental concerns (including climate
change) and support for climate change policies and pro-
environmental actions.

These findings are also due to the role of the media as
the primary source of public information on climate change.
Unsurprisingly, the media play a crucial role in shaping public
attitudes, responses, and perceptions of climate change. The
study by Carmichael and Brulle (2017) showed a clear impact
of media on public anxiety about climate change and their
perception of it. Clayton and Manning (2018) argue that humans
live in a bubble of self-deception and a false sense that climate
change is a problem for the future rather than an urgent crisis
that must be addressed to secure life on Earth.

These findings can also be explained in terms of the
perception of climate change through construal level theory
(CLT), which indicates that objects, events, and structures
can be thought of in somewhat abstract terms depending on
the psychological distance between them. CLT theory showed
a relationship between psychological distance and people’s
response to a particular event. Psychological distance consists
of four dimensions: spatial, social, temporal, and virtual. Each
dimension is related to the others, although there are no
common denominators. Psychological distance is one of the
main psychological structures that explain the more realistic or
abstract perception of objects and events around people. An
event is viewed as near or far from a psychological point of
view. When viewed as psychologically close, the representation
is more realistic, while the representation is more abstract
when viewed as psychologically distant. Thus, people perceive
climate change more realistically when they see it up close;
and as a result, there may be an increased willingness to
engage in pro-environmental and resilient behaviors. When
people have a more abstract representation of the event, climate
change is seen as far from occurring. We can conclude that
psychological distance determines an individual’s perception of
climate change. The results of studies such (Spence et al., 2012;
Busse and Menzel, 2014; Carmi and Kimhi, 2015; Jones et al.,
2017; Singh et al., 2017; Soliman et al., 2018; Kim and Ahn, 2019;
Kyselá et al., 2019) found an effect of psychological distance on
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TABLE 9 Results of group differences in climate change perception (CCP) and climate values (CV) due to age group variable.

Variables Groups Sum of squares df Mean square F Sig.

Emotional Between groups 712.103 2 356.051 3.565 0.029

Within groups 46,145.110 462 99.881

Total 46,857.213 464

Appraisal Between groups 12.461 2 6.231 0.253 0.777

Within groups 2,604.601 462 5.638

Total 2,617.062 464

Cognitive Between groups 23.153 2 11.576 1.105 0.332

Within groups 21,179.587 462 45.843

Total 21,202.740 464

CCP total score Between groups 1,113.846 2 556.923 1.559 0.211

Within groups 164,989.178 462 357.119

Total 166,103.024 464

CV total score Between groups 590.807 2 295.404 3.524 0.030

Within groups 38,725.825 462 83.822

Total 39,316.632 464

Significant at 0.05 level.

individuals’ perception of climate change and engagement in
pro-environmental behaviors.

From a cognitive psychology perspective, the perception
of climate change refers to how we think and how the brain
processes information. Perception is an individual process
determined in light of the personality traits and the habits
and traditions of the society in which he lives. The perception
process is affected by many situational and personal factors, and
the individual’s attitudes may effectively impact his perception
of stimuli. The attitudes of individuals toward climate change
consist of three main components: a cognitive component that
includes ideas, knowledge, and beliefs that stem from memory
when paying attention to the issue of climate change, an
emotional component, which refers to the feeling associated
with an object or event, and then a behavioral component,
includes the type of action or readiness for behavior inherent in
the situation. The attitude toward climate change is strong and
consistent if these three components are compatible. According
to the strength of the emotional component toward the issue
of climate change, the strength and quality of our actions
and responses are determined by whether we will make an
effort to combat climate change or will we fail to act and

TABLE 10 Multiple comparisons in the emotional subscale of climate
change perception (CCP) and climate values (CV) due to
age group variable.

Measurement Age subgroups 30–45 years 46–61 years

Emotional 30–45 years – 2.799*

46–61 years −2.799* –

Climate values 30–45 years – 2.292*

46–61 years −2.292* –

*Mean differences were significant (p-value < 0.05).

not seek to make any effort, but instead deny the issue in
its entirety and fight its supporters. In light of this, the
individual’s perception and values about climatic changes are
determined. Hence, individuals differ in their awareness of
climate change and their CV according to their characteristics,
customs, and traditions of society and their attitudes toward
climate change.

Clayton and Manning (2018) reported that perception of
climate change varies according to various factors, such as
gender and age (specifically, men and older people tend to be
more aware and less anxious about climate change). However,
studies find that variables of values, an individual’s view of
the world, and ideology are strong and statistically significant
predictors of CCP rather than demographic, cognitive, or other
factors. Also, the results found differences between males and
females in the emotional subscale of CCP, the total score of CCP,
and CV in the favorite of females. This result is due to females’
lack of social and economic power; they tend to have fewer
economic resources than men. Also, females find it difficult to
access assistance services in disasters such as climate change.
Thus, females are more aware of climate change and have higher
CV and participation in mitigation measures.

Results also revealed significant statistical differences due
to the career field in the emotional subscale of CCP
and total score of CCP in favorite of workers in the
agriculture and engineering and construction fields rather than
career workers field subgroups. Clayton and Manning (2018)
mentioned that societies whose livelihoods are directly linked
to local climatic conditions, such as farmers in developing
countries, may recognize climate change closer. Basannagari
and Kala (2013) provides evidence that apple farmers in
the Indian Himalayas percept climate change as having
led to modifications in their farm use practices, delays in
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TABLE 11 Results of regression analysis of climate values (CV) on climate change perception (CCP).

Model R2 Durbin–Watson F Independent variables Unstandardized coefficients Standardized coefficient t Sig.

B SE Beta

1 0.012 0.805 5.392 Constant 54.112 2.993 18.080 0.000

Climate values 0.221 0.095 0.107 2.322 0.021

harvest periods, and adverse effects on fruit quality. Also,
in Mexico, Sánchez-Cortés and Lazos (2011) similarly found
that in addition to being aware of changes in rainfall and
temperature, farmers responded to these changing conditions
by introducing the seeding season for corn and planting new
crops.

The findings also found differences between age subgroups
in the emotional subscale of CCP and CV in favorite of
individuals in the 30–45-year subgroup. This difference is
because, according to the ages of individuals, their attitudes
toward climate change differ from acknowledgment or denial
of the occurrence of climate change to either interest in
combating climate change or denial and resistance. In light of
this, the individual’s perception and values regarding climate
change differ. The age subgroup from 30 to 45 years old, we
find their attitude toward environmental issues stronger and
open to weather news around the world and good readers
of environmental issues, climate and global agreements on
climate change and integrated into daily life with its problems
to a greater degree than the elderly who are gradually isolated
and do not care about news about the world but instead
they may not care about the environment and climate issues.
Weber (2016) stated that men are more skeptical of climate
change than women and that younger adults have demonstrated
stronger attitudes toward the environment and climate than
older adults.

The differences in CCP and CV are compatible with
the results of several studies that showed that individuals
are highly heterogeneous in their perception of climate
change—both within and between countries (Arnout,
2022b). There is a wide variation in people’s perceptions
of climate change, with Latin America and developed
countries in Asia showing relatively high levels of anxiety
compared to other parts of the world. This is likely due to
increased exposure to risks, cultural values, political context,
and the nature of media coverage. Studies also point to
distinct sets of attitudes, ranging from the most active and
concerned about climate change to the uninterested or passive
deniers.

In light of the theory of the five D barriers developed
by Stoknes (2015), we can explain the differences between
CCP and CV in the study sample. These five D barriers
are Distance, Doom, Dissonance, Denial, and iDentity; they
are interconnected and act as invisible barriers within the
individual that prevent them from perceiving climate change

or engaging in mitigation measures and pro-environmental
behavior. These 5 D barrier levels differed between individuals;
hence, their levels of CCP and CV differ. Kahan (2015) added
that individuals have a strong incentive to form perceptions
of risks in general, including those related to climate change,
that support their overall sense of who they are, that is,
that reinforces their identity. Since our identities are closely
linked to our social groups and our preferences for how
society is organized, the drive to protect one’s identity can
lead to different groups of people coming to percept particular
risks or issues, such as climate change, in very different
ways.

Also, the results of the current study indicated that the
CV have statistically significant predictability of CCP. This
result is in line with the study of Marshall et al. (2019),
which found that environmental value orientations influenced
the individual response to climate change. Ajzen (2005, 2012)
mentioned that people form their attitudes toward events
(such as climate change) through their fundamental values
and beliefs. Therefore, values predict individuals’ perceptions of
climate change, attitudes toward this issue, and the decisions
that lead to behavior. Daniel et al. (2001) reported that
values are essential in building an individual’s personality and
affect his attitudes, decisions, and behaviors. Ajzen (2012)
refereed those values raise the individual’s awareness of
himself and the climatic changes that occur around him
and adapt to them with free will and mindfulness. Through
the values that the individual adopts, he will be able to
face all challenges in his life, deal with crises, and urge
him to think about them (including the climate change
crisis).

Many theories explain the role of values in perception,
attitude, and behavior. Values and beliefs (VBN) theory has
explained that environmental behavior is the indirect result
of following an individual’s deeply held values, usually, those
that demonstrate an interest beyond the individual’s immediate
self-interest and include altruism toward other human beings
as altruism toward the environment. Theories of values have
been developed to influence global views about the relationship
between humans and nature, influencing specific beliefs about
the consequences of environmental problems and actions,
including climate change. The theory of planning behavior
(TPB) also suggests that intentions engage in behavior result
from three factors: attitudes about the behavior, subjective
norms, and perceived control. Each of these factors, in turn,
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is influenced by the specific beliefs of the individual. Attitudes
are formed in response to beliefs about the consequences of
behavior. The TPB theory of planned behavior successfully
explains climate-related intentions and behavior variations.

Conclusion

The current study showed an average level of CCP and
CV among individuals in the Kingdom of Saudi Arabian.
As well as the current study concluded that individuals’
perceptions of climate change are an individual response
determined by the individual’s gender, age, and career field
and is affected by his values about climate. Individuals
live in the same extreme climatic conditions but differ in
their perception of them according to those determinants.
The results found statistically significant differences in the
emotional subscale of CCP, total score, and CV due to
gender and age group variables in the favorite of females
and individuals whose ages ranged from 30 to 45-year
subgroups. Also, the results found statistically significant
differences in the CV due to career field variables in favor
of agriculture, engineering, and construction fields. As well
as the results revealed that the climate value represents a
statistically significant predictor of CCP. These findings shed
light on the need for a climate communications system to
increase the level of CCP and CV, especially among males and
individuals in the age group over 45 years, and individuals
working in various professions, whether education, business,
and others; to improve the engagement in mitigation and
adaptation measures to climate changes that are currently
taking place in the Kingdom of Saudi Arabia and other
Arab countries from extreme changes in temperature, rain,
floods, and others.

Strengths, limitations, and future
directions

This study is a predictive, descriptive study to measure
CCP and CV levels in the Kingdom of Saudi Arabia
and predict CCP from CV. One of the strengths of this
study is that it is considered one of the first Arabic
studies that examine CCP and CV. Also, the current
study is considered a comparative study of the CCP
and CV levels due to gender, career field, and age
group variables.

Among the limitations of this study include a predictive,
descriptive comparative research design; thus, we need
more intervention studies to examine how we can
improve CCP and values.
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Reliability of attention bias and 
attention bias variability to 
climate change images in the 
dot-probe task
Joshua M. Carlson *, Lin Fang , Caleb Coughtry-Carpenter  and 
John Foley 

Department of Psychological Science, Northern Michigan University, Marquette, MI, United States

Climate change is one of the most pressing issues of the 21st century, which 

is perhaps why information about climate change has been found to capture 

observers’ attention. One of the most common ways of assessing individual 

differences in attentional processing of climate change information is through 

the use of reaction time difference scores. However, reaction time-based 

difference scores have come under scrutiny for their low reliability. Given that a 

primary goal of the field is to link individual differences in attention processing 

to participant variables (e.g., environmental attitudes), we assessed the reliability 

of reaction time-based measures of attention processing of climate change 

information utilizing an existing dataset with three variations of the dot-probe 

task. Across all three samples, difference score-based measures of attentional 

bias were generally uncorrelated across task blocks (r = −0.25 to 0.31). We also 

assessed the reliability of newer attention bias variability measures that are 

thought to capture dynamic shifts in attention toward and away from salient 

information. Although these measures were initially found to be  correlated 

across task blocks (r = 0.17–0.67), they also tended to be highly correlated with 

general reaction time variability (r = 0.49–0.83). When controlling for general 

reaction time variability, the correlations across task blocks for attention 

bias variability were much weaker and generally nonsignificant (r = −0.25 to 

0.33). Furthermore, these measures were unrelated to pro-environmental 

disposition indicating poor predictive validity. In short, reaction time-based 

measures of attentional processing (including difference score and variability-

based approaches) have unacceptably low levels of reliability and are therefore 

unsuitable for capturing individual differences in attentional bias to climate 

change information.
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1. Introduction

Anthropogenic climate change is one of the most serious 
problems facing the global community (Pecl et al., 2017; Tollefson, 
2019, 2020). Information about climate change should therefore 
demand individuals’ attention (Luo and Zhao, 2021). Yet, only 
recently has research explored the extent to which climate change 
related information captures attention. Initial research using 
climate change relevant images of environmental damage found 
that these images captured the attention of individuals with 
pro-environmental attitudes (Beattie and McGuire, 2012). Follow 
up studies have generally supported the finding that climate 
change-relevant (or other environmentally harmful) objects 
capture attention in individuals with pro-environmental 
dispositions (Sollberger et al., 2017; Carlson et al., 2019b; Meis-
Harris et al., 2021). In addition, words related to climate change 
(Whitman et  al., 2018) and graphical information of climate 
change (Luo and Zhao, 2019) capture attention in politically 
liberal individuals more concerned with climate change. Thus, 
there is emerging evidence that climate change relevant 
information captures observers’ attention—what can be referred 
to as an attentional bias for climate change or environmentally 
relevant information. Such findings may offer insight into how 
best disseminate information about climate change that is 
attention grabbing in such a way as to promote large scale 
societal changes.

Research assessing the attentional capture of environmentally 
relevant stimuli has primarily used reaction time (RT; Carlson 
et  al., 2019b, 2020; Meis-Harris et  al., 2021) and eye tracking 
(Beattie and McGuire, 2012; Sollberger et al., 2017; Luo and Zhao, 
2019) based measures. RT measures of attentional bias are 
typically calculated using a difference score (e.g., the difference in 
RTs between conditions where attention is facilitated vs. not 
facilitated). Broadly speaking, RT-based difference scores have 
come under scrutiny for low internal and/or test–retest reliability 
(Hedge et al., 2018; Goodhew and Edwards, 2019). For individual 
differences (i.e., correlational) research, between subject variability 
is necessary and needs to consistently/reliably measure the 
construct of interest. Given that one of the broad goals in the 
newly developing field of environmental attention bias research is 
to link variability in attentional processing to individual 
differences such as pro-environmental disposition (Beattie and 
McGuire, 2012; Sollberger et al., 2017; Carlson et al., 2019b; Meis-
Harris et al., 2021) and political orientation (Whitman et al., 2018; 
Luo and Zhao, 2019), it is important to assess the reliability of 
environmental attention bias measures. However, reliability 
estimates for attention bias measures are rarely reported in 
the literature.

Given the low reliability of RT difference score-based estimates 
of attentional bias, the field of experimental psychopathology 
(where attentional bias is often linked to affective disorders/traits) 
sought to improve upon traditional (difference score-based) 
attention bias measures. As a result, innovative attention bias 
variability (ABV) measures were developed, which are thought to 

capture dynamic shifts of attention with alternating periods of 
attentional focus toward and away from affective information 
(Iacoviello et al., 2014; Zvielli et al., 2015). Early research using ABV 
measures found that they were more reliable than the traditional 
approach (Naim et al., 2015; Price et al., 2015; Davis et al., 2016; 
Rodebaugh et al., 2016; Zvielli et al., 2016; Molloy and Anderson, 
2020). However, subsequent work has shown that general RT 
variability and mean RT speed influence measures of ABV and 
when controlled for significantly reduce their reliability (Kruijt 
et al., 2016; Carlson and Fang, 2020; Carlson et al., 2022a). ABV 
measures have not been used in the field of environmental attention 
bias. However, if found to be reliable in this context, they could 
be useful measures of attentional bias to environmental information.

Given that RT measures are commonly used in environmental 
attention bias research, and a goal of this research is often to link 
variability in attentional biases to relevant individual differences, 
we sought to assess the reliability of both traditional attention bias 
and innovative ABV measures. To meet this end, we utilized three 
existing datasets from previously published research utilizing the 
dot-probe task to assess attentional bias to emotionally positive and 
negative climate change relevant images (Carlson et al., 2020). 
We  computed the correlation of attention bias measures for 
emotionally positive and negative climate change relevant images 
across blocks in the dot-probe tasks to assess the reliability of these 
measures. Based on previous research using non-environmental 
stimuli (e.g., threat or food related images; Carlson and Fang, 2020; 
Vervoort et  al., 2021), we  hypothesized that RT measures of 
attentional bias to climate change information would not be reliable 
and therefore unsuitable for individual differences research.

2. Materials and methods

2.1. Participants

This report included 177 participants from three separate 
samples. Sample one contained 58 (female = 47) individuals between 
the ages of 18–34 (M = 21.00, SD = 3.71). Sample two included 59 
(female = 45) individuals 18–38 years old (M = 20.41, SD = 3.69). 
Sample three was comprised of 60 individuals (female = 52) 
18–36 years old (M = 20.68, SD = 3.83). With N ≥ 58, this study was 
powered to detect correlations of r ≥ 0.35 (with each sample at 
⍺ = 0.05, and power = 0.80) and therefore able to detect reliabilities 
considered to be  unacceptably low. Across all three samples, 
participants provided informed written consent and received course 
credit (in undergraduate psychology courses) for their participation. 
The study was approved by the Northern Michigan University 
(NMU) Institutional Review Board (IRB; HS16-768).

2.2. Dot-probe task

Each sample utilized a modified dot-probe task (MacLeod 
et al., 1986; MacLeod and Mathews, 1988) with climate change 
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relevant images. The details of the specific images and dot-probe 
tasks used in this report have been previously published (Carlson 
et al., 2020). Briefly, images used in each experiment were selected 
from the affective images of climate change database (https://
affectiveclimateimages.weebly.com; Lehman et  al., 2019).1 The 
database contains a total of 320 digital images rated on their 
emotional valence (1 unpleasant to 9 pleasant), emotional arousal 
(1 calm to 9 exciting), and relevance (1 least relevant to 9 most 
relevant) to climate change. All tasks were programmed in 
E-Prime (Psychology Software Tools, Pittsburg, PA) and displayed 
on a 60 Hz 16′′ LCD computer monitor. All variants of the task 
used the same general sequence of events, which are depicted and 
summarized in Figure 1. It should be noted that for relatively 
simplistic and universal emotional stimuli (such as facial 
expressions), shorter (<300 ms) interstimulus intervals result in 
more robust bias effects (Torrence et al., 2017), greater reliability 

1 The following images were used in Sample 1: 12, 13, 29, 39, 46, 49 

(positive relevant), 8, 18, 23, 20, 37, 62 (negative relevant), 178, 194, 200, 

210, 221, 240, 256, 277, 280, 303, 308, and 315 (irrelevant). The following 

images were used in Sample 2: 12, 13, 29, 39, 46, 49 (solution relevant), 8, 

18, 21, 23, 35, 42 (cause relevant), 7, 16, 19, 20, 37, 62 (effect relevant), 178, 

194, 200, 210, 221, 222, 240, 243, 256, 277, 280, 281, 289, 295, 303, 308, 

312, and 315 (irrelevant). Sample 3 used the same cause and effect images 

used in sample 2.

(Chapman et al., 2019), and a stronger association with anxiety 
(Bantin et al., 2016). However, informal pilot testing in our lab 
lead to the conclusion that the complex scenes of climate change 
related information used here would need longer display times for 
the content to be processed and therefore a stimulus duration of 
500 ms was used here. As previously reported, this stimulus 
duration has been found to elicit attention bias effects for climate 
change images in the dot-probe task (Carlson et al., 2019b, 2020).

Climate-relevant and climate-irrelevant images were 
randomly presented to the left visual field or right visual field 
for each participant. There were an equal number of trials with 
the target dot occurring on the same side of the screen as the 
climate change-relevant image and on the same side as the 
climate change-irrelevant image (see below for more details of 
each specific sample). Faster reaction times (RTs) to targets 
occurring at the climate-relevant location (i.e., traditionally 
referred to as congruent trials in the dot-probe literature) 
compared to climate-irrelevant location (i.e., incongruent trials) 
are considered representative of attentional bias (MacLeod 
et al., 1986; MacLeod and Mathews, 1988). At the conclusion of 
each block, participants received feedback about their overall 
accuracy and reaction time to encourage accurate rapid 
responses. The specific design of each sample is 
summarized below.

Sample one utilized a 2 × 2 (emotional valence × relevance 
of the target location) factorial design and consisted of 3 blocks 

FIGURE 1

Trial structure of the dot-probe task of attentional bias. First, each trial started with a 1,000 ms white fixation cue (+) in the center of a black 
background. Second, two images were simultaneously presented to the left and right side of the fixation cue for 500 ms. All trials contained a 
climate relevant and a climate irrelevant image pair. These images each extended 10° × 12° of the visual angle and were separated by 14.5° of the 
visual angle. Third, a target dot appeared immediately after the images were removed and remained on the screen until a response was recorded. 
Fourth and finally, a 1,000 ms intertrial interval separated trials. Participants were seated 59 cm from the screen and instructed to focus on the 
central fixation cue throughout each trial while using their peripheral vision to locate the target dot as quickly as possible. An E-Prime serial 
response box was used to indicate left and right sided targets by (respectively) pressing the “1” button with their right index finger and the “2” 
button with their right middle finger. Faster reaction times to targets occurring at locations preceded by a climate change relevant image indicates 
attentional bias for the climate change relevant image over the irrelevant image.
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of 120 trials with 30  in each cell: positive relevant, positive 
irrelevant, negative relevant, & negative irrelevant. This yielded 
360 total trials, with 90 trials in each cell. Positive images 
included windmills and solar panels, whereas negative images 
included industrial air pollution, melting ice, and 
natural disasters.

Sample two utilized a 2 × 3 factorial design with location 
relevancy (relevant vs. irrelevant) × image type (cause vs. effect 
vs. solution) as the independent variables. The dot-probe task 
used in sample 2 contained 3 blocks of 180 trials with 30 in each 
cell: yielding 540 total trials, with 90 trials in each cell type. 
Causes included images of industrial air pollution and 
deforestation. Effects included images of melting ice and natural 
disasters. Solutions included images of windmills and 
solar panels.

Sample three utilized a 2 × 2 factorial design with location 
relevancy (relevant vs. irrelevant) and image type (cause vs. effect) 
as the independent variables. The dot-probe task in sample 3 
consisted of 3 blocks of 144 trials with 36 trials in each cell: 
yielding 432 total trials, with 108 trials in each cell type. Cause and 
effect images included the same types of stimuli used in sample 2.

2.3. Data reduction and analysis 
procedures

Consistent with previous research (Torrence et al., 2017; 
Carlson et  al., 2019a), we  only included correct responses 
between 150 and 750 ms after the presence of the target in the 
dot-probe task to eliminate premature responses and lapses in 
attention (98.24% of the data was included for Sample 1, 
95.38% for Sample 2, and 95.12% for Sample 3). Traditional 
attentional bias was defined as the difference between the mean 
RT of incongruent and congruent conditions (i.e., mean 
incongruent – congruent RT). The calculation of ABV was 
based on the trial-level bias score method (Zvielli et al., 2015), 
which has been shown to be more reliable than other ABV 
approaches (Molloy and Anderson, 2020). To compute the trial 
level bias score, each congruent trial was first paired with the 
closest incongruent trial with a maximum distance of 5 trials 
backward or forward. Similarly, each incongruent trial was 
paired with its closest congruent trial. Next, the trial level bias 
scores were obtained by subtracting the RT of congruent from 
incongruent trials for each pair (see Figure 2). To calculate 
ABV, the summed distance between succeeding trial level bias 
scores was divided by the total number of trial level bias scores. 
General RT variability (RTV) was obtained by calculating the 
standard deviation of RTs across all (congruent and 
incongruent) trials. All measures were computed separately for 
each block. To examine the reliability of traditional attentional 
bias and ABV, bivariate Pearson correlations across blocks were 
performed in SPSS 28. In addition, in order to control for the 
influence of general RTV, partial correlations across blocks 
were also conducted for each measurement.

3. Results

3.1. Traditional attentional bias score 
reliability

In each of the three independent samples analyzed here, 
traditional measures of attentional bias were generally uncorrelated 
across blocks 1–3 for different types of climate change images.2 
These measures were also generally uncorrelated with general RTV 
and partial correlations controlling for RTV did not drastically 
alter the association between traditional measures of attentional 
bias across blocks. For all correlations with traditional measures of 
attentional bias, see Table 1 (samples 1–3, respectively).

3.2. Attention bias variability reliability

In general, across samples 1–3, ABV-based measures of 
attentional bias were moderately to highly correlated across blocks 
and moderately to highly correlated with general RTV. In partial 
correlations controlling for RTV, ABV-based measures only 
weakly correlated across blocks and in the majority of cases these 
correlations were no longer significant. See Table 1 for all ABV 
correlations for samples 1–3, respectively.

3.3. Attention bias variability correlations 
with pro-environmental disposition

The New Ecological Paradigm questionnaire (Dunlap et al., 
2000) was administered to samples 2 and 3 as a measure of 
pro-environmental disposition. Although ABV in these samples 
appears to be driven by RT variability, we nevertheless assessed the 
degree to which these scores offer predictive validity for 
pro-environmental disposition.3 Across samples 2 and 3, ABV scores 
were unrelated to pro-environmental disposition (Sample 2: Cause 
r = 0.03, Effect r = −0.08, Solution r = −0.16 & Sample 3: Cause 
r = −0.02 & Effect r = 0.02, ps ≥ 0.22). Note that in a separate sample, 
climate change anxiety was also unrelated to these ABV scores.4

2 Note that it could be argued that correlations might be weaker across 

blocks due to meaningful changes in bias across time. As an alterative 

approach, we performed odd-even split-half Pearson correlations for each 

condition. Split-half reliability for attentional bias to climate change 

solutions in Sample 2 revealed a significant negative correlation (r = −0.30, 

p = 0.023). All of the remaining split-half correlations were non-significant 

(r = −04 to 0.26, ps > 0.05).

3 Note that the associations with pro-environmental disposition and 

traditional measures of attentional bias from this sample have been 

reported elsewhere (Carlson et al., 2020).

4 In a separate sample (N = 120), we found no association between ABV 

and climate change anxiety for positive (r = 0.08, p = 0.39) and negative 

(r = −0.001, p = 0.99) images of climate change.
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4. Discussion

This study aimed to assess the reliability of RT-based 
measures of attention bias and ABV to climate change images in 
the dot-probe task. The results obtained here across three 
dot-probe tasks of attentional bias to climate change relevant 
images indicate that neither the traditional (RT difference score) 
approach nor the innovative ABV approach were reliable 
measures of attentional bias. The traditional approach was not 
consistently influenced by general RT variability, but was 
nevertheless unreliable. This finding is consistent with a growing 
body of literature using the dot-probe task in other fields 
(Schmukle, 2005; Staugaard, 2009; Price et al., 2015; Aday and 
Carlson, 2019; Chapman et al., 2019; Van Bockstaele et al., 2020). 
On the other hand, ABV scores initially correlated across blocks 
demonstrating some degree of reliability, which is consistent with 
prior ABV research (Naim et al., 2015; Price et al., 2015; Davis 
et al., 2016; Rodebaugh et al., 2016; Zvielli et al., 2016; Molloy and 
Anderson, 2020). Yet, when controlling for general RT variability, 
ABV measures were no longer correlated across blocks indicating 
that they likely measure general RT variability rather than 
attention bias behavior. Again, this finding echoes what has been 
reported in prior studies assessing attentional bias to threat and 
food related stimuli (Kruijt et al., 2016; Carlson and Fang, 2020; 
Vervoort et  al., 2021; Carlson et  al., 2022a). Finally, ABV 
measures were found to be unrelated to individual differences in 
pro-environmental orientation (and climate change anxiety)—
suggesting poor predictive validity. Thus, many of the 
shortcomings of the RT difference score and ABV approaches 
reported in other fields appear to generalize to the use of 
environmental stimuli in the dot-probe task.

Based on these findings, we  recommend that RT-based 
measures of attentional bias to environmental information should 
not be used for individual differences (or correlational) research. 
As much of the field of environmental attentional bias research is 
interested in linking variability in attentional bias to individual 
differences related to environmentalism or climate change concern 
(Beattie and McGuire, 2012; Sollberger et al., 2017; Whitman et al., 
2018; Carlson et al., 2019b; Luo and Zhao, 2019; Meis-Harris et al., 
2021), new/different approaches to capturing attentional bias are 
needed for these research objectives. As previously mentioned, eye 
tracking is another common approach to measuring attentional 
bias to climate change relevant information (Beattie and McGuire, 
2012; Sollberger et al., 2017; Luo and Zhao, 2019). Some research 
suggests that eye-tracking measures of attention are (more) 
reliable (Sears et al., 2019; van Ens et al., 2019; Soleymani et al., 
2020), whereas other research suggests that eye tracking may not 
be more reliable (Skinner et al., 2018). Therefore, future research 
should aim to assess the reliability of eye tracking-based measures 
from the paradigms used to measure environmental attentional 
bias. In addition, electroencephalographic measures of brain 
activity have been found to more reliably measure covert attention 
(Kappenman et  al., 2014; Reutter et  al., 2017) and may 
be appropriate for measuring environmental attentional biases.

Although the results obtained here indicate that RT-based 
measures in the dot-probe task are not suitable for capturing 
individual differences in attentional bias to climate change 
information, this does not preclude the use of RT-based tasks to 
assess the effects of experimental manipulations on attentional 
bias. Reliability is not required for comparisons across 
experimental groups/conditions, but is for individual differences 
research. The field needs to identify ways to increase the reliability 

FIGURE 2

An example of trial level bias scores (TLBSs) of one block in the dot-probe task. Attention bias variability (ABV) is computed as the summed 
distance between succeeding TLBSs divided by the total number TLBSs.
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of attention bias estimates. Reaction times start from a promising 
point (highly correlated across blocks: Sample 1: r = 0.77–0.92, 
Sample 2: r = 0.85–0.92, and Sample 3: r = 0.82–0.91), but data 
quality quickly diminishes when calculating differences scores 
(Hedge et al., 2018).

Initial research, based on RTs in the dot-probe task, indicates 
that emotionally positive images of climate change solutions 
capture attention to a greater extent than emotionally negative 
images of climate change causes and effects (Carlson et al., 2020). 
Future experimental research is needed to determine whether the 
same pattern is observed using other images as well as verbal, 
auditory, and multimodal information about climate change. 
Indeed, determining what types of climate change relevant 

information is best suited to capture individuals’ attention would 
be useful in the effective design of environmental communication 
related to climate change. Furthermore, identifying interventions, 
contextual factors, and other manipulations that can modify 
attention to climate change information has important 
implications for increasing attentional focus on climate change 
messaging. For example, research has shown that attention 
training can increase attention to climate change information 
(Carlson et al., 2022b). In summary, although much research on 
environmental attentional biases focuses on individual differences 
in attentional bias and our data indicate that RT-based (difference 
score & ABV) measures of attentional bias are unsuitable for 
correlational research, more experimental research is needed to 

TABLE 1 Correlations across blocks in samples 1–3.

Sample 1

Block AB positive climate change images AB negative climate change images

1 2 3 RTV 1 2 3 RTV

1 – 0.21 0.09 0.12 – −0.06 −0.05 0.02

2 0.19 – 0.09 0.24 −0.06 – 0.18 −0.14

3 0.07 0.05 – 0.20 −0.05   0.16 – −0.11

ABV positive climate change images ABV negative climate change images

1 – 0.31* 0.38* 0.65* – 0.41* 0.29* 0.61*

2 −0.01 – 0.45* 0.49* −0.03 – 0.39* 0.70*

3 −0.05 0.20 – 0.64* −0.16   −0.11 – 0.64*

Sample 2

Block AB effects AB causes AB solutions

1 2 3 RTV 1 2 3 RTV 1 2 3 RTV

1 – −0.12 0.18 0.10 – −0.02 0.06 −0.14 – 0.11 −0.09 0.22

2 −0.11 – 0.16 −0.02 −0.01 – 0.08 0.08 0.11 – −0.25 0.01

3 0.15 0.18 – 0.43* 0.07 0.08 – 0.09 −0.08 −0.25 – −0.04

ABV effects ABV causes ABV solutions

1 – 0.42* 0.17 0.66* – 0.38* 0.23 0.52* – 0.53* 0.48* 0.76*

2 −0.13 – 0.54* 0.74* 0.10 – 0.59* 0.60* 0.13 – 0.42* 0.58*

3 −0.29* 0.24 – 0.55* −0.25 0.29* – 0.72* −0.13 0.03 – 0.68*

Sample 3

Block AB effects AB causes

1 2 3 RTV 1 2 3 RTV

1 – 0.27* 0.31* −0.10 – 0.10 0.29* 0.15

2 0.27* – 0.06 0.04 0.05 – 0.22 0.30*

3 0.31* 0.06 – −0.01 0.26* 0.16 – 0.26*

ABV effects ABV causes

1 – 0.67* 0.54* 0.83* – 0.59* 0.59* 0.81*

2 0.09 – 0.66* 0.77* −0.16 – 0.58* 0.81*

3 0.00 0.33* – 0.65* 0.03 0.01 – 0.71*

*p < 0.05, Shaded/gray region with italicization on the bottom reflects partial correlations controlling for reaction time variability (RTV). AB, attention bias; ABV, attention bias variability.
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better understand the variables that lead to an effective focus of 
attention on climate change information.

This study is not without limitation. First, the samples 
utilized here were primarily comprised of college-age females, 
and although it is unlikely that the reliability of attention bias 
and ABV measures differ across populations, the homogeneity 
of our sample(s) limits the generalization of the results. In 
addition, another limitation of this study is the sole use of 
climate change relevant images rather than other stimulus types. 
Although the reliability of attentional bias and ABV to other 
types of information (e.g., threat-related information) does not 
appear to be related to stimulus type (Staugaard, 2009; Carlson 
and Fang, 2020), it is possible that attention to climate change 
related information differs based on the stimulus type (e.g., 
images vs. words). Future research is needed to assess this 
possibility. Finally, although the dot-probe task is among the 
most common RT-based methods of assessing attentional bias, 
the extent to which RT-based reliability estimates of attentional 
bias observed here in the dot-probe task generalize to other 
RT-based tasks/measures is unclear. Yet, given that reliability is 
generally an issue for RT-based (difference score) measures 
(Hedge et al., 2018; Goodhew and Edwards, 2019), we do not 
expect these findings to be specific to the dot-probe task, but 
RT-based measures more broadly.

5. Conclusion

In summary, the present study aimed to assess the reliability 
of the dot-probe task using climate change relevant images. Both 
traditional (reaction time difference score) and innovative ABV 
measures were used, and both were found to lack reliability in 
measuring individual differences in attentional bias to climate 
images. These findings strongly suggest that the dot-probe task, 
and likely other RT difference score-based measures, are 
unsuitable for individual differences research assessing the 
correlation between participant factors, such as climate concern, 
and attention bias. Due to the growing body of work focusing on 
these and other individual differences, we  argue that other 
measures of attention bias should be adopted for these purposes. 
No matter which measure of attentional bias is used, the reliability 
estimates of the measure should be included. Finally, RT-based 
cognitive tasks, such as the dot-probe, may still be appropriate for 
measuring differences in attention bias following various 
experimental interventions.
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Mental representation of
climate-relevant behaviours:
Confirmatory testing of similarity
patterns obtained in a card sorting
task by young adults
Sebastian Seebauer* and Hans Peter Ellmer

LIFE Institute for Climate, Energy and Society, Joanneum Research Forschungsgesellschaft mbH, Graz,
Austria

Efforts to promote climate-friendly consumption need to address groups of

interrelated behaviours; however, experts and laypeople have different perspectives

on which climate-relevant behaviours belong together. Understanding laypeople’s

mental representations, or the perceived similarity of behaviours, may provide

orientation on which behaviours should be promoted in concert in order to

communicate comprehensibly and to catalyse spillover. The present study uses data

on perceived similarity between 22 climate-relevant behaviours collected from 413

young adults in Austria in an open card sorting task. Five posited categorisations

by domain, location, impact, difficulty, and frequency are tested in a confirmatory

approach for their fit with the observed similarity patterns. By analysing co-

occurrence matrices, edit distances and similarity indices, the best fit is found for

the null hypothesis of random assignment. Ranking by test statistics shows that the

domain categorisation fits next best, followed by impact, frequency, difficulty, and

location. The categories of waste and advocacy behaviours emerge consistently in

lay mental representations. The categories of behaviours with a high carbon footprint

and difficult behaviours that are performed by few other people stand out from other,

less extreme behaviours. Categorisation fit is not moderated by personal norms,

stated competencies, and environmental knowledge. The analytical approaches for

confirmatory testing of expected categorisations against observed similarity patterns

may be applied to analyse any card sorting data.

KEYWORDS

shared concept, pro-environmental behaviour, grouping, spillover mechanism, category
system, taxonomy, mental model

1. Introduction

The grand challenge of combating climate change requires decarbonisation across all
sectors, including the choices of private consumers (European Commission, 2019). As the
achieved reductions in carbon emissions continue to fall below climate targets (Boehm
et al., 2022), it becomes clear that focussing on selected consumer behaviours is no
longer sufficient, but that changes across all aspects of private consumption are necessary
(International Energy Agency, 2022). Thus, efforts at promoting climate-friendly consumption
need to address groups of interrelated behaviours that can be tackled in concert.
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Experts and laypeople, however, or those who design climate
policy and those who are supposed to react to this policy in their
daily lives, have a different understanding of which behaviours
belong together. From the perspective of experts, all climate-relevant
behaviours are conceptually linked in that they all contribute to
a person’s carbon footprint. By contrast, laypeople hardly hold
an overarching mental concept that carbon- and energy-intensive
activities belong together (Truelove and Gillis, 2018). Instead,
laypeople form their mental representations by grouping behaviours
that relate to the same practices and habits, that are performed with
the same domestic appliances or that hold the same meaning for
themselves or a meaning shared with others (Gabe-Thomas et al.,
2016; Doran et al., 2018).

Thus, experts need to promote multiple interrelated climate-
friendly behaviours not (only) in a way that makes sense from a
science or policy standpoint, but in a way that aligns with how their
lay audience considers behaviours to be connected to each other.
Adjusting to lay perceptions may render experts’ messages more
comprehensible and actionable (see Section “1.1. Communicating
comprehensibly by means of perceived similarity” below) and may
leverage off existing behaviours to catalyse subsequent behaviour
change in similar domains (Section “1.2. Catalysing spillover by
means of perceived similarity”).

Laypeople’s mental representations of climate-relevant
behaviours manifest, inter alia, in how they perceive some behaviours
as similar and other behaviours as dissimilar. Consumers form
mental representations through a cognitive process of grouping
related objects, products or services according to their personal goals;
this process results in their personal taxonomy of categories that
constitute similarity (Loken, 2006; Gabe-Thomas et al., 2016). Sorting
is an established technique for eliciting these taxonomies. Tasking
people with ordering or grouping items allows identification of the
criteria they use when categorising concepts by their similarities
and differences (Gabe-Thomas et al., 2016; Doran et al., 2018).
Sorting tasks may even reveal intuitive, implicit or unconscious
categorisations. Thus, the present paper employs the sorting method
to investigate which categorisations are key to the perceived similarity
of various climate-relevant behaviours.

1.1. Communicating comprehensibly by
means of perceived similarity

A clear understanding of perceived similarity is important for
designing green marketing programmes that aim to encourage
comprehensive changes spanning several climate-relevant behaviours
(Thogersen, 2004). Programmes can be expected to be more
successful if they cater to laypeople’s nuanced perceptions (Truelove
and Gillis, 2018). Perceived similarity indicates how consumers
arrange behaviours in their mental space and therefore shows entry
points for promoting multiple climate-friendly behaviours together
(Bernard et al., 2009; Kneebone et al., 2018).

Persuasive messages for broad lifestyle change are more
comprehensible to consumers if they address those behaviours
jointly which have the same meaning to the audience (Gabe-
Thomas et al., 2016). Communication programmes should focus
on themes and comparisons that link several perceptually similar
behaviours (Bernard et al., 2009). Understanding where lay and
expert taxonomies diverge allows the taking of dedicated steps to
correct lay misperceptions (Doran et al., 2018).

1.2. Catalysing spillover by means of
perceived similarity

Perceived similarity is prominently discussed to facilitate
spillover, that is, one behaviour change triggering another behaviour
change (Maki et al., 2019). Consumers transfer behavioural practices
from one context to another because of their psychological need
to maintain a self-image of being consistent and to avoid cognitive
dissonance from being inconsistent (Thogersen, 2004). If a consumer
does not see two behaviours as similar, performing one behaviour but
not the other would not evoke feelings of inconsistency or dissonance.
Thus, perceived similarity may be considered a precondition for
spillover. Consumers may transfer behaviours between contexts
they themselves see as similar, even if experts would regard these
behaviours as disjoint and unrelated.

There is (still) considerable disagreement in the spillover
literature on what makes behaviours similar: behaviours connected
to the same motivational goal (Truelove et al., 2014; Nash et al.,
2017), behaviours performed in contexts that are temporally or
spatially close to each other (Thogersen and Crompton, 2009), or
behaviours requiring similar effort, resources, and skills (Thogersen
and Crompton, 2009; Margetts and Kashima, 2017; Höchli et al.,
2019). The classification of behaviours as similar, and therefore prone
to spillover, is mostly based on expert judgements; however, the
perceptions of similarity by those consumers who engage in these
behaviours are a better indicator of whether spillover might take place
(Truelove et al., 2014; Maki et al., 2019). Thus, effective behavioural
change programmes “should select key actions perceived as similar to,
and thus able to be catalysed by, householders’ existing behaviours”
(Kneebone et al., 2018:8).

1.3. Categorisations of climate-relevant
behaviour

Categorisations assign behaviours to the same category if they are
conceptually related. Previous research points to five categorisations
that guide why laypeople group some behaviours as similar and
distinguish other behaviours as dissimilar (Boudet et al., 2016):
Domain, Location, Impact, Difficulty, and Frequency. The present
study compares how these five categorisations appear in observed
similarity patterns; next, these five categorisations are introduced in
detail.

Similarity by consumption domain is arguably the most
established categorisation (Kaiser and Wilson, 2004; Barr et al., 2005;
DEFRA, 2008; Bernard et al., 2009; Blanken et al., 2015; Truelove
and Gillis, 2018). In many studies, the domains of recycling and
waste avoidance (e.g., separating waste, using returnable bottles),
transport (e.g., using the car or public transport), and advocacy (e.g.,
environmental activism, participating in the public discourse) appear
as distinct domains. However, there is less agreement on how to
group domestic energy use for heating, hot water and electricity;
nutrition choices; and shopping decisions for electronic devices,
clothing and other consumer goods. Doran et al. (2018) report a
catch-all category of energy use at home comprising energy-saving
and efficient home appliances. Gabe-Thomas et al. (2016) report
an everything-else cluster comprising water use, lighting, heating,
and smaller electric devices. The present paper operationalises
the Domain categorisation with the four categories energy use
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and consumption, transport, waste, and advocacy: the latter three
categories are well established as distinct domains by previous
research; energy use and consumption is adopted as an umbrella
category for domestic and shopping behaviours.

Similarity by location refers to the places where behaviours are
performed. The clustering of electrical appliances in Gabe-Thomas
et al. (2016) differentiates between the locations kitchen (e.g., fridge,
oven, kettle, dishwasher, washing machine, and tumble dryer) and
entertainment (e.g., TV, computer, games console, and stereo system).
Kneebone et al. (2018) distinguish indoor (kitchen, bathroom, and
laundry) versus outdoor (garden) water use. Stern (2000) draws a
general line between private versus public sphere environmentalism.
Thus, the present paper operationalises the Location categorisation
with the four categories indoor, outdoor, online, and political space,
thereby differentiating whether behaviours are performed physically
inside or outside the home, virtually in online commerce or on social
media, or in the environment of the political debate.

Similarity by impact refers to the energy demand and related
carbon emissions of behaviours. Truelove and Gillis (2018) propose
environmental impact as a dimension of similarity. Energy is,
however, an intangible and abstract concept to most laypeople:
laypeople do not group items of similar energy demand unless
directly asked to do so (Baird and Brier, 1981); laypeople do not
understand energy consumption very well (Darby, 2006; Bartiaux,
2008) and “do not hold consistent mental models of energy as
a concept” (Gabe-Thomas et al., 2016:11). Laypeople underrate
the substantial, albeit indirect environmental impact of political
behaviours (Truelove and Gillis, 2018). Still, as a dimension deemed
critical by experts, the present paper operationalises the Impact
categorisation via the relative shares of specific behaviours in the
average personal carbon footprint with the four categories >10,
5−10, <5% and no direct impact. Carbon impacts are calculated by
applying the ECHOES methodology to the study population (Bird
et al., 2019). For instance, carbon emissions from using the car
amount on average to 6.6% of all personal emissions; therefore, this
behaviour is assigned to the 5−10% category. Advocacy behaviours
are assigned to the no direct impact category, because they influence
climate policy and may indirectly lead to a reduction in carbon
emissions but do not directly affect the footprint of the person who
engages in advocacy behaviours.

Similarity by difficulty refers to the effort in inconvenience,
discomfort, time, and money required to perform a behaviour
(Truelove and Gillis, 2018). Financial and behavioural cost, cognitive
effort, and efficacy beliefs are repeatedly discussed as a dimension
of similarity (Thogersen, 2004; Karlin et al., 2014; Boudet et al.,
2016; Kneebone et al., 2018). The present paper operationalises
the Difficulty categorisation with the four categories of 0−25,
26−50, 51−75, and 76−100% engagement probability. The higher
the engagement probability, the less difficult the behaviour, as
a higher percentage of the population is likely to engage in
that very behaviour. Engagement probabilities are derived from a
General Ecological Behaviour attitude distribution, using the selected
behaviours reported in Kaiser and Wilson (2004), Kaiser et al. (2007),
Kaiser et al. (2008), Kaiser and Schultz (2009), and Kaiser et al. (2010)
for Swiss, Dutch, and German samples as signposts and mapping
other behaviours by interpolation and analogy.

Finally, similarity by frequency refers to how often and regularly
a behaviour is performed. Frequency is considered relevant in
expert analyses of similarity (Karlin et al., 2014; Höchli et al.,
2019). Behavioural frequency may overlap with behavioural difficulty:

Laypeople do not differentiate frequency of action and financial cost
(Truelove and Gillis, 2018). However, the Difficulty categorisation
is based on how many people perform the behaviour, whereas the
Frequency categorisation is based on how often people perform
the behaviour. The present paper operationalises the Frequency
categorisation with four factors as categories that are derived from a
principal component analysis of self-reported behavioural frequency
(see Section “2.3. Analytical approach”).

Most people seem to hold the same mental representations of
perceived similarity. Doran et al. (2018) find that categorisations in
a Norwegian and a German sample correspond highly. In Gabe-
Thomas et al. (2016), the same cluster solution holds for female
and male participants. By contrast, Thogersen (2004) finds that
the moral importance of behaving environmentally responsibly
moderates perceived similarity between behaviours. Thus, in the
light of ambiguous previous research, the present paper explores
moderator variables that could explain why people with a specific
background or beliefs prefer some categorisations to others. Three
potential moderator variables are analysed: One is personal norms (in
other words, feeling morally obliged to engage in climate protection),
because personal norms are broadly confirmed as a central factor
in the cognitive processes influencing pro-environmental behaviour
(Stern, 2000; Bamberg and Möser, 2007). The other two are
environmental knowledge and stated competencies because informed
and skilled people might be able to assess behaviours more precisely
in the Impact and Difficulty categorisations (Frick et al., 2004; Steg
and Vlek, 2009).

1.4. Aim of the paper

As argued above, perceived similarity is an important lever
for communicating comprehensibly and for catalysing spillover.
However, it is still unclear by which categorisations laypeople
structure their mental representations of climate-relevant behaviours.
The present paper extends previous exploratory research by carrying
out confirmatory testing on how well the posited categorisations
Domain, Location, Impact, Difficulty, and Frequency fit with
observed similarity patterns. Perceived similarity is elicited in an open
sorting task of climate-relevant behaviours in a sample of 413 young
adults. In total, 22 behaviours (listed in Table 1) are analysed in
order to cover a broad range of the climate-relevant actions private
consumers may take (Truelove and Gillis, 2018). Personal norms,
stated competencies, and environmental knowledge are tested for
moderator effects on the fit of the posited categorisations.

The scope of the present paper does not include the categorisation
of curtailment and efficiency behaviours, which is widely used in
environmental psychology. Curtailment refers to actions that cut
back consumption, whereas efficiency refers to actions that maintain
consumption levels but require fewer carbon emissions or less energy
(Gardner and Stern, 2008). Maintenance, that is, actions that require
regular management, may constitute a third category but is close
to efficiency (Karlin et al., 2014). The curtailment versus efficiency
categorisation is not included in the analysis, because the analytical
approach of the present paper requires a consistent number of four
categories in all tested categorisations. Moreover, curtailment and
efficiency overlap in some behaviours: for instance, car use (behaviour
9 in the present study, see Table 1) involves choosing the car type as
well as everyday driving; or heating (behaviour 1) involves putting
on a sweater and programming the thermostat as well as installing a
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TABLE 1 Assignment of behaviours to categories.

Domain Location Impact Difficulty Frequency

1. Heating Energy use and
consumption

Indoor >10% 51−75% Factor2

2. Showering Energy use and
consumption

Indoor <5% 76−100% Factor4

3. Saving hot water Energy use and
consumption

Indoor <5% 76−100% Factor2

4. Turning on the light Energy use and
consumption

Indoor <5% 76−100% Factor2

5. Using electronic devices Energy use and
consumption

Indoor <5% 51−75% Factor2

6. Streaming video Energy use and
consumption

Online <5% 51−75% Factor4

7. Separating waste Waste Indoor <5% 76−100% Factor4

8. Avoiding plastic Waste Indoor <5% 51−75% Factor4

9. Using the car Transport Outdoor 5−10% 26−50% Factor3

10. Using public transport Transport Outdoor <5% 26−50% Factor3

11. Using the bicycle Transport Outdoor <5% 51−75% Factor3

12. Flying Transport Outdoor >10% 26−50% Factor2

13. Buying clothes Energy use and
consumption

Online 5−10% 26−50% Factor2

14. Buying electronic devices Energy use and
consumption

Online <5% 51−75% Factor2

15. Eating meat Energy use and
consumption

Indoor >10% 76−100% Factor1

16. Buying organic food Energy use and
consumption

Outdoor 5−10% 0−25% Factor4

17. Buying local food Energy use and
consumption

Outdoor 5−10% 26−50% Factor4

18. Participating in an NGO
for climate protection

Advocacy Political space no direct impact 0−25% Factor1

19. Speaking out for climate
protection online

Advocacy Online no direct impact 0−25% Factor1

20. Speaking with other
people about climate
protection

Advocacy Outdoor no direct impact 0−25% Factor1

21. Donating for climate
protection

Advocacy Online no direct impact 0−25% Factor1

22. Demonstrating for climate
protection

Advocacy Political space no direct impact 0−25% Factor3

For criteria in assigning behaviours to posited categories, see section “1.3. Categorisations of climate-relevant behaviour”. NGO, non-governmental organisation.

non-fossil heating system. Boudet et al. (2016) and Doran et al. (2018)
provide support for omitting this categorisation by showing that the
notion of a curtailment versus efficiency dichotomy is not held by
laypeople.

2. Materials and methods

2.1. Respondents

Standardised self-completion questionnaires were distributed
from February to May 2020 to students in their final high school year
(12th or 13th year of formal education), aged 17−21 years. The survey

was implemented in 24 vocational and general secondary schools in
urban and rural locations in the Austrian provinces of Styria and
Tyrol. Students completed an online questionnaire in the classroom
during school hours, using the school’s computers or their own
electronic devices. A researcher was present on-site for oversight and
clarification. Because of school closures in the COVID-19 national
lockdown starting in mid-March 2020, however, data collection had
to shift to an entirely online survey: teachers distributed an email
invitation to the online survey and up to two reminders to their
respective students who completed the questionnaire as a home-
schooling exercise.

Out of n = 502 respondents in total, n = 364 fully and n = 49
partially completed the sorting task. Supplementary Table 1 gives
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TABLE 2 Chi2 test statistics of co-occurrence matrices.

Equal1 Equal2 Domain Location Impact Difficulty Frequency

All 57,230 24,327 78,081 127,268 88,837 117,970 113,744

Personal norms high 2.31 1.00 3.37 5.17 3.65 4.88 4.64

Personal norms low 2.38 1.00 3.02 5.26 3.65 4.78 4.72

Stated competencies high 2.33 1.00 3.32 5.23 3.70 4.93 4.76

Stated competencies low 2.37 1.00 3.08 5.22 3.59 4.75 4.60

Environmental knowledge high 2.31 1.00 3.40 5.24 3.77 5.05 4.73

Environmental knowledge low 2.38 1.00 3.02 5.20 3.52 4.66 4.62

df 441 210 210 210 210 210 210

All: Chi2 values in the n = 364 sample. High/low median split subsamples of moderator variables: Chi2 values divided by the Equal2 Chi2 value to facilitate comparison between different
subsample sizes.

TABLE 3 Descriptives, confidence intervals and correlations of edit distances.

Domain Location Impact Difficulty Frequency

Mean 7.78 10.63 9.06 9.72 9.15

Standard deviation 2.12 1.57 1.63 1.68 1.83

Lower bound of 95% confidence interval 7.56 10.47 8.89 9.54 8.97

Upper bound of 95% confidence interval 8.00 10.79 9.23 9.89 9.34

Correlation with personal norms 0.01 0.00 −0.05 0.04 0.02

Correlation with stated competencies 0.05 0.00 0.04 0.04 0.10

Correlation with environmental
knowledge

−0.01 0.01 0.02 0.05 0.03

n = 364.

TABLE 4 Descriptives, confidence intervals and correlations of similarity indices in the Domain categorisation.

Consumption Transport Waste Advocacy

n 409 398 391 389

Mean 0.40 0.51 0.89 0.86

Standard deviation 0.15 0.32 0.31 0.24

Lower bound of 95% confidence interval 0.38 0.48 0.86 0.84

Upper bound of 95% confidence interval 0.41 0.54 0.92 0.88

Correlation with personal norms 0.00 −0.06 0.06 0.00

Correlation with stated competencies 0.03 −0.02 0.06 −0.05

Correlation with environmental knowledge 0.05 −0.07 0.08 −0.01

the sample composition by gender, age, education of parents, and
completed in the classroom vs. at home.

2.2. Procedure and materials

The respondents completed an open card sorting task, assigning
22 climate-relevant behaviours (in card sorting terminology,
behaviours refer to cards; the 22 behaviours are listed in Table 1)
to four groups (in card sorting terminology, groups refer to piles)
in a single sorting routine without repetition. The sorting task was
implemented as a drag-and-drop task in the online questionnaire.
Respondents were instructed to group those behaviours they regarded
as similar and related. Respondents were free to assign as many
behaviours to each group as they liked. Respondents were allowed

to sort only some of the 22 behaviours and to leave some behaviours
unsorted; the following Section “2.3. Analytical approach” describes
how missing values from partial completion are addressed in the
analysis. The four groups were not named, either by the researchers
or by the respondents, and therefore do not carry any meaning
apart from indicating that behaviours assigned to the same group are
perceived as similar.

The set of 22 behaviours was selected to cover the scope of
climate-relevant behaviours that young adults perform in their
everyday lives and in which they have agency even while still living in
the parental home. Sorting 22 cards is at the upper limit of acceptable
respondent burden (Doran et al., 2018). Predefining the number
of groups to four avoided the lumper-splitter-problem common in
sorting tasks, that is, some respondents lumping cards into very few

Frontiers in Psychology 05 frontiersin.org100

https://doi.org/10.3389/fpsyg.2023.1117452
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/


fpsyg-14-1117452 February 3, 2023 Time: 15:18 # 6

Seebauer and Ellmer 10.3389/fpsyg.2023.1117452

TABLE 5 Descriptives, confidence intervals and correlations of similarity indices in the Location categorisation.

Indoor Outdoor Online Political space

n 406 408 384 377

Mean 0.40 0.32 0.28 0.92

Standard deviation 0.17 0.13 0.12 0.28

Lower bound of 95% confidence interval 0.39 0.31 0.27 0.89

Upper bound of 95% confidence interval 0.42 0.34 0.29 0.94

Correlation with personal norms −0.01 0.11 0.01 −0.03

Correlation with stated competencies 0.04 0.02 0.02 0.04

Correlation with environmental knowledge 0.05 0.12 0.01 −0.13

TABLE 6 Descriptives, confidence intervals and correlations of similarity indices in the Impact categorisation.

>10% 5−10% <5% No direct impact

n 383 399 410 389

Mean 0.46 0.31 0.36 0.86

Standard deviation 0.38 0.18 0.13 0.24

Lower bound of 95% confidence interval 0.43 0.29 0.34 0.84

Upper bound of 95% confidence interval 0.50 0.32 0.37 0.88

Correlation with personal norms 0.02 −0.01 0.15 0.00

Correlation with stated competencies −0.01 −0.01 0.09 −0.05

Correlation with environmental knowledge 0.11 0.00 0.09 −0.01

TABLE 7 Descriptives, confidence intervals and correlations of similarity indices in the Difficulty categorisation.

0−25% 26−50% 51−75% 76−100%

n 392 401 395 399

Mean 0.62 0.30 0.33 0.38

Standard deviation 0.19 0.15 0.15 0.20

Lower bound of 95% confidence interval 0.60 0.29 0.31 0.36

Upper bound of 95% confidence interval 0.64 0.32 0.34 0.40

Correlation with personal norms 0.00 −0.03 0.05 −0.03

Correlation with stated competencies −0.03 −0.02 −0.01 0.05

Correlation with environmental knowledge −0.01 −0.05 0.03 0.05

TABLE 8 Descriptives, confidence intervals and correlations of similarity indices in the Frequency categorisation.

Factor1 Factor2 Factor3 Factor4

n 389 395 396 405

Mean 0.52 0.42 0.31 0.43

Standard deviation 0.17 0.18 0.21 0.16

Lower bound of 95% confidence interval 0.50 0.40 0.29 0.41

Upper bound of 95% confidence interval 0.54 0.43 0.33 0.44

Correlation with personal norms −0.03 0.09 −0.05 0.05

Correlation with stated competencies −0.05 0.01 −0.02 0.02

Correlation with environmental knowledge 0.00 0.02 −0.05 0.03
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piles and other respondents splitting cards into very many piles,
resulting in high variance in the number of piles (Bernard et al., 2009).

The sorting task was part of a survey study on climate attitudes
and behaviours among young adults. Prior to the sorting task,
respondents self-reported how frequently they perform the 22
behaviours. It can therefore be assumed that the climate relevance
of all behaviours was salient when the respondents started the
sorting task. Self-reported behavioural frequency is used to derive
the Frequency categorisation (see Section “2.3. Analytical approach”
below). Frequency was measured with single items for fifteen
behaviours and with multi-item scales for seven behaviours (2−4
items each; aggregated to mean indices; for exact wordings and
descriptive statistics see Supplementary Table 2).

Personal norms, stated competencies and environmental
knowledge were assessed as potential moderator variables of
categorisations. Three personal norms items expressed pro-
environmental self-identity and feelings of responsibility and
obligation toward climate protection (Steinhorst et al., 2015;
Seebauer, 2018). Respondents self-assessed their competencies for
engaging in climate-friendly actions with six items on information
retrieval, technical skills, and understanding production systems
(Nilsson et al., 2017; UNESCO, 2017). Items on personal norms and
stated competencies were aggregated to mean indices. Respondents
were asked eight quiz questions about effective carbon saving,
each quiz question featuring three multiple-choice options with
one correct answer (Frick et al., 2004). The quiz questions were
aggregated formatively to a sum score of correct answers, ranging
from 0 to 8, with higher scores indicating better environmental
knowledge. For details of item wordings, response scales, and
descriptive statistics, see Supplementary Table 2.

2.3. Analytical approach

The unit of analysis is respondents, allowing analysis of
respondent attributes as moderator variables. This is in contrast to
the exploratory sorting studies by Gabe-Thomas et al. (2016) and
Kneebone et al. (2018) who use the piles produced by respondents
as a unit of analysis.

The observed similarity pattern (i.e., how each respondent placed
behaviours in groups) is compared to five posited categorisations:
Domain, Location, Impact, Difficulty, and Frequency. All posited
categorisations consist of four categories in order to conform with
the group limit in the sorting task and to ensure equal probability of
random assignment. The Domain, Location, Impact, and Difficulty
categorisations are derived from previous research (see Section
“1.3. Categorisations of climate-relevant behaviour”). The Frequency
categorisation uses the four factors with the highest eigenvalue in a
principal component analysis of self-reported behavioural frequency
(see Supplementary Table 3); thus, the Frequency categorisation
pools behaviours in the same factor if they are performed with
similar frequency.

The analysis adopts a confirmatory rationale and statistically tests
how well posited categories fit with the observed responses. Co-
occurrence matrices, edit distances, and similarity indices are used to
compare categorisations. These three approaches complement each
other, as they test either entire categorisations (co-occurrence matrix
and edit distance) or specific categories (similarity index), either for
the entire sample (co-occurrence matrix) or within each respondent
(edit distance and similarity index).

The co-occurrence matrix is organised as an item-by-item table
with 22 rows and 22 columns. The observed co-occurrence matrix
is available for the n = 364 subsample who sorted all 22 behaviours
and it lists for all pairs of behaviours how many respondents assigned
these two behaviours to the same group (Supplementary Table 4).
The entries in the matrix cells can range from 0 (no one considers
the two behaviours similar) to 364 (all respondents consider the two
behaviours similar). The observed distribution in the co-occurrence
matrix is compared to several expected distributions: Equal1, the null
hypothesis of stochastic independence with the expected frequency
in each cell calculated from the row sums and column sums of the
observed matrix as in a common Chi2 crosstabs test. Equal2, the null
hypothesis of equal distribution from random assignment with a 25%
probability per group, that is, an expected frequency of 364∗0.25 in
each cell, except the matrix diagonal with an expected frequency of
364. The distributions as stated by the Domain, Location, Impact,
Difficulty, and Frequency categorisations, with an expected frequency
of 364∗0.95 = 345.8 in each cell where the categorisation posits a pair
of behaviours to belong to the same category, an expected frequency
of 364∗0.05 = 18.2 in all other cells, and an expected frequency of
364 in the matrix diagonal. The 0.95/0.05 multiplicator allows for a
5% error rate by respondents and fulfils the technical requirement of
Chi2 tests of expected frequencies >5 in each cell. As in a common
Chi2 crosstabs test, the Chi2 test statistic is calculated within each cell
as the squared difference between observed and expected frequency
divided by the expected frequency, totalled over all cells. With the
exception of Equal1, the total Chi2 test statistic is halved, because
the upper and lower triangle of the matrix along the diagonal are
symmetrical. In the same logic of correcting for symmetry, degrees
of freedom are reduced by 22 for the cells in the matrix diagonal,
which must number 364 both in the observed and the expected
matrix, and then halved. Because differences between observed and
expected frequencies accumulate over many cells, the Chi2 test
statistics yield very high numbers that by far exceed critical Chi2

values for statistical significance. Still, the Chi2 test statistics of the
respective categorisations may be compared to assess their relative fit.

The edit distance is a combinatorial function that shows how
far apart a respondent’s sort is from the posited categorisation. For
each respondent, the edit distance gives the minimal number of
behaviours they would have to move between groups in order to
convert their sort to perfectly represent the posited categorisation.
The edit distance is available for the n = 364 subsample who sorted
all 22 behaviours. This approach recognises that the groups the
behaviours are sorted into are not independent of each other. The
edit distance is averaged over all respondents and then tested for
statistical significance via confidence intervals: if the lower bound of
the confidence interval does not include 0, the observed similarity
pattern deviates significantly from the respective categorisation. If
the confidence intervals of the mean edit distances of different
categorisations do not overlap, it may be concluded that some
categorisations fit better with the observed data than others.

For the similarity index, the raw data are recoded into binary
variables for each pair of behaviours, coded 1 if these two behaviours
are assigned to the (any) same group and coded 0 if they are
assigned to (any) different groups. The similarity index is calculated
by averaging the binary variables of all pairs of behaviours included
in the posited category, resulting in a value between 1 and 0 for
each respondent. Its mirror, the dissimilarity index, is the average
over the pairwise comparisons between all behaviours not included
in the posited category, also resulting in a value between 1 and 0
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for each respondent. (Dis-)similarity indices are calculated for each
category within each posited categorisation. The indices are available
for the n = 413 sample who at least partially completed the sorting
task because averaging within each category allows correction for
missing values. Moreover, averaging allows comparison of categories
comprising different numbers of behaviours. Testing for statistical
significance is implemented via confidence intervals: for the observed
similarity pattern to conform to the posited category, the upper
bound of the confidence interval of the similarity index should
include 1, and the lower bound of the confidence interval of
the dissimilarity index should include 0. The lower bound of the
confidence interval of the similarity index and the upper bound of the
confidence interval of the dissimilarity index should not include 0.25
to reject the null hypothesis that behaviours were sorted randomly.
Two categories within the same categorisation can be considered
separate concepts if the confidence intervals of their (dis-)similarity
indices do not overlap.

Potential moderator effects of personal norms, stated
competencies and environmental knowledge are assessed by
comparing the Chi2 test statistics of two co-occurrence matrices
obtained by splitting the sample by the median of the respective
moderator variable; and by correlating edit distances and similarity
indices with the moderator variables.

Confidence intervals use a significance level of p < 0.05. Testing
via confidence intervals is analogue to t-tests: for instance, testing
whether a confidence interval does not include 0 corresponds to a
one-sample t-test whether a mean is significantly different from 0;
testing whether confidence intervals overlap corresponds to a t-test
comparing group means. The null hypotheses of an edit distance of 0
or a similarity index of 1 assume perfect congruence with the posited
categorisation. These strict tests are likely to be rejected; however,
the main interest of the present study does not lie in determining
statistical significance, but in comparing which categorisations fit
better with the observed similarity patterns than others.

3. Results

3.1. Co-occurrence matrices

Testing how well entire categorisations fit with the entire sample
shows that the respondents do not seem to have a shared mental
representation of which climate-relevant behaviours belong together.
Equal2 and Equal1, the two null hypotheses assuming random
assignment and stochastic independence, have the lowest Chi2 test
statistics and therefore fit best with the observed data (Table 2).
Presumably, the individual patterns of how respondents sorted
behaviours to groups differ widely and level each other out, resulting
in an overall random pattern in the co-occurrence matrix.

However, Chi2 test statistics may still be compared to assess which
posited categorisations fit better than others. Ranking the Chi2 test
statistics (Table 2, top row) suggests that the Domain categorisation
fits best, followed by Impact, and then with substantially higher Chi2

values followed by Frequency, Difficulty, and finally Location.
This ranking of categorisations is not moderated by personal

norms, stated competencies, and environmental knowledge. For
easier comparison, Table 2 presents the Chi2 test statistics as
multiples of the Equal2 baseline in the respective subsample. Within
each high or low subsample, the ranking of categorisations is the

same as in the full sample; for instance, the ranking from Domain
to Impact, Frequency, Difficulty, and finally Location applies to high
personal norms as well as to low personal norms. Thus, it does
not seem to depend on the respondents’ personal norms, stated
competencies, and environmental knowledge which categorisation
they apply in their similarity patterns.

3.2. Edit distances

Comparing the edit distances also tests the fit of entire
categorisations, but shows how far individual respondents deviate
from the posited categorisation. Mean edit distances range from
7 to 10 (Table 3), meaning respondents would, on average, have
to move 7−10 behaviours to another group in order to comply
with the posited categorisation. All lower bounds of the confidence
intervals are higher than 0, thus according to the strict null hypothesis
all categorisations must be rejected (Table 3). Still, this does not
preclude comparing the fit between categorisations. The mean
edit distances replicate the ranking observed in the co-occurrence
matrices, with Domain showing the best fit, followed by Impact,
Frequency, Difficulty, and finally Location with increasingly higher
edit distances. However, the decrease in fit by edit distance from
Impact to Frequency is less pronounced than the decrease in fit by
co-occurrence matrices, and the Impact and Frequency edit distances
do not differ statistically significantly, since their confidence intervals
overlap.

Again, there is no indication of moderator effects by personal
norms, stated competencies, and environmental knowledge.
Correlation coefficients between edit distances and moderator
variables in Table 3 are r < | 0.10| throughout, suggesting that
the individual level of personal norms, stated competencies, and
environmental knowledge is unrelated to the degree to which a
respondent represents a specific categorisation in their similarity
pattern.

3.3. Similarity indices

Similarity indices provide a nuanced picture of how well
respondents conform to specific categories within a categorisation.
As above, the strict null hypothesis must be rejected for all categories
in all categorisations, because the upper bounds of the confidence
intervals of all similarity indices are lower than 1 (Tables 4−8) and
the lower bounds of all confidence intervals of all dissimilarity indices
are higher than 0 (Supplementary Tables 5−9). The result in the
co-occurrence matrices that the Equal2 baseline fits best reappears
here in that the upper bounds of the confidence intervals of the
dissimilarity indices include 0.25, indicating that respondents may
have assigned behaviours to groups randomly. By contrast, the lower
bounds of the confidence intervals of the similarity indices all exceed
0.25, pointing to some shared, non-random mental representations
held by the respondents. Yet, as above, despite rejecting the null
hypothesis the fit of categories may be compared, with the added
benefit that similarity indices allow comparison within as well as
between categorisations.

The highest similarity indices emerge in the waste category of
the Domain categorisation (M = 0.89) on the one hand; and the
advocacy category in Domain (M = 0.86), political space in Location
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(M = 0.92) no direct impact in Impact (0.86) and high Difficulty
(0−25%: M = 0.62) on the other hand. Advocacy, political space, no
direct impact and high difficulty reach similarly high indices because
they all include selected behaviours of political and civil engagement
(behaviours 18−22, see Table 1). These categories seem to reflect
shared representations of related behaviours that most respondents
hold.

The following have low similarity indices: the energy use and
consumption category in the Domain categorisation (M = 0.40);
indoor, outdoor, and online in Location (M = 0.40, M = 0.32,
M = 0.28, respectively); the middle categories in Impact (5−10%:
M = 0.31; <5%: M = 0.36); the middle categories in Difficulty
(26−50%: M = 0.30; 51−75%: M = 0.33); and Factor3 in Frequency
(M = 0.31). These all indicate that respondents hardly agree that
the behaviours within these categories belong together. The umbrella
character of energy use and consumption comprising half of all
investigated behaviours might make it likely that respondents assign
some of these many behaviours to another group. Distinctions
between categories could be more blurry in the middle than at the
extremes of the Impact and Difficulty spectrum. Location just does
not seem to be a mental concept the respondents use to structure their
climate-relevant activities.

However, despite the overall low means in similarity indices,
hardly any confidence intervals overlap between categories of the
same categorisation. This indicates that some categories represent
perceived similarity better than others do. For instance, even in
Location, the categorisation least adopted by the respondents, it
may still be concluded that the indoor category (M = 0.40) reflects
significantly better lay mental representations than do the outdoor or
online categories (M = 0.32, M = 0.28).

Interestingly, the high Impact (>10% share of the personal
carbon footprint: M = 0.46) and the high Difficulty (0−25%
engagement probability: M = 0.62) categories stand out against the
other categories of Impact and Difficulty. Behaviours with a high
carbon footprint (heating, flying, and eating meat) and behaviours
that are performed by few other people (buying organic food, various
political, and civil engagement behaviours) seem to be perceived as
separate from less carbon-intensive and less difficult behaviours. That
high impact and high difficulty behaviours go together is also reflected
in the M = 0.52 similarity index of Factor1 in Frequency (eating meat,
various political and civil engagement behaviours).

Consistent with the results in co-occurrence matrices and
edit distances, the moderator variables personal norms, stated
competencies, and environmental knowledge do not have any
discernible effect on similarity indices. Correlations of r < | 0.15|
in all categorisations (Tables 4−8) indicate that even the perceived
similarity within specific categories does not depend on the norms,
competencies, or knowledge a respondent has.

4. Discussion and conclusion

The present paper compares the perceived similarity of
climate-relevant behaviours to five posited categorisations: Domain,
Location, Impact, Difficulty, and Frequency. Co-occurrence matrices,
edit distances and similarity indices assess in a confirmatory approach
how well the posited categorisations fit with the similarity patterns
observed in an open card sorting task.

The best fit is found for the null hypotheses of stochastic
independence and random assignment, suggesting there is no

common structure to the respondents’ sorting and thus no shared
mental representation of similarity held by all respondents. This
resonates with Gabe-Thomas et al.’s (2016) finding of substantial
disagreement between laypeople in how they categorise behaviours.
None of the posited categorisations can be statistically confirmed.
Personal norms, stated competencies, and environmental knowledge
do not influence perceived similarity. This puts into question the
validity of categorisations used by experts and found in exploratory
sorting studies. However, this overall result should not be mistaken
to discard previous research, as the statistical testing uses strict
null hypotheses that are likely to be rejected. Instead, the present
study should be taken as a starting point that indicates which
categorisations and categories feature higher or lower perceived
similarity.

Indeed, some categories of behaviours perceived as more similar
than others emerge. Organising behaviours in a Domain taxonomy
seems to relatively best represent how young adults mentally
structure their everyday actions. The Impact categorisation performs
second best. The Difficulty and Frequency categorisations can be
differentiated, as indicated by the difference in Chi2 test statistics and
edit distance; this contradicts Truelove and Gillis, 2018 finding that
laypeople tend to confound these two categorisations. Throughout,
categories within the same categorisations are perceived as distinct,
as indicated by differences in similarity indices; presumably, these
categories do structure, albeit weakly, how young adults think about
climate-relevant behaviours.

Within the Domain categorisation, waste behaviours
(behaviours 7 and 8, separating waste and avoiding plastic) and
advocacy behaviours (behaviours 18−22, participating in an non-
governmental organisation (NGO) for climate protection, speaking
out for climate protection online, speaking with other people about
climate protection, donating for climate protection, demonstrating
for climate protection) belong together in laypeople’s mental
representations. Behaviours of high Impact (behaviours 1, 12, and 15,
heating, flying, and eating meat) and high Difficulty (behaviours 16
and 18−22, buying organic food and the above advocacy behaviours)
seem to stand out and form a subset of similar meaning within lay
mental representations. Future research could follow up on this
interesting finding and explore how behaviours at the extreme end of
the spectrum relate to and possibly advance each other.

4.1. Implications for policy

Perceived similarity may provide orientation on which
behaviours should be promoted in concert in order to communicate
comprehensibly and to catalyse spillover (see Sections “1.2.
Catalysing spillover by means of perceived similarity” and “1.3.
Categorisations of climate-relevant behaviour”). Presumably,
consumers are more likely to listen to and adopt persuasive
arguments that refer to behaviours they perceive as similar.

The results suggest designing policy interventions for broad
behavioural change around Domain categories, as this categorisation
has the relatively best fit with the observed data. Promoting selected
behaviours from the waste or advocacy categories is likely to carry
over to other behaviours within the same category. By contrast,
campaigns focussing on Location, the worst-fitting categorisation,
are likely to fall short; for instance, promoting various outdoor
behaviours together could not be expected to catalyse spillover.
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If a campaign is bound to a specific categorisation, it should
focus on the best-performing category within this categorisation.
Take the example of an intervention using descriptive social norms, in
other words, the effect that the actions observed in important others
serve as a cue for socially accepted behaviours (Staats et al., 2004).
This intervention would communicate to its audience how many
other people already perform the target behaviours, which equals
engagement probability in the Difficulty categorisation. Difficulty
has weak overall fit, as shown by the co-occurrence matrix and
the edit distance, but its categories clearly differ in the similarity
indices. When communicating single behaviours, behaviours from
the 76−100% Difficulty category could be highlighted (e.g., turning
off the lights, saving hot water), because large parts of the population
already perform these behaviours and therefore convey a strong
descriptive norm. When communicating bundles of behaviours, it
could be recommended to address 0−25% Difficulty behaviours (e.g.,
buying organic food, demonstrating for climate protection) because
of the substantially higher similarity index of this category. However,
since only a few people already perform 0−25% Difficulty behaviours,
the intervention would have to highlight selected frontrunner groups
as the important others who convey a descriptive norm.

4.2. Limitations and directions for future
research

As in any other empirical study, the results underlie important
caveats which at the same time point to avenues for future research.
First and foremost, the findings only apply to young adults in
Austria and need to be replicated in other population segments
and in other geographies. Sampling young adults rather than the
general population might have biassed the results. Young adults
can be expected to perceive less similarity between climate-relevant
behaviours than grown-ups: They perform pro-environmental
behaviours less frequently than grown-ups (Krettenauer, 2017;
Wang et al., 2021) and might thus be less likely to experience
communalities between behaviours. They still undergo socialisation
processes (Haustein et al., 2009; Klöckner and Matthies, 2012)
whereas grown-ups already hold common norms that indicate
which behaviours are related to each other. Presumably, the
present study reports a lower level of perceived similarity than
could be expected in the general population. However, entering
young adulthood coincides with recovering from an “adolescent
dip” in pro-environmental behaviours (Olsson and Gericke, 2016;
Keith et al., 2021). Thus, young adults might be about to
return to general population levels of perceived similarity. Future
research could provide more clarity on how perceived similarity
shifts over the life course, either in longitudinal studies or
by comparing age cohorts. The present study sample is quite
homogeneous in terms of age, educational level and living situation;
this homogeneity presumably works in favour of shared mental
representations. Thus, future studies using more diverse samples
might find an even worse fit of the categorisations analysed
here.

Similarity indices are biassed to indicate lower similarity in
categories with a higher number of posited behaviours because
consistency is harder to achieve in categories comprising many
behaviours, as the pairwise binaries may level each other out and
may converge to a within-respondent average of 0.5. This bias could,

for instance, explain why in the Domain categorisation the waste
category (two behaviours, M = 0.89) scores a higher similarity index
than the energy use and consumption category (11 behaviours,
M = 0.40). Thus, future studies could be advised to compare
categories comprising an equal number of behaviours.

Another limitation to be noted is that the assignment of
behaviours to categories in each of the Domain, Location, Impact,
Difficulty, and Frequency categorisations is not clear-cut. All five
categorisations involve some ambiguities in the posited assignment
of behaviours to categories. In Domain, energy use and consumption
is an umbrella category comprising highly diverse behaviours.
In Location, buying clothes and electronic devices (behaviours
13 and 14) are assigned to the online location because these
two product segments have the largest share in Austrian online
commerce (Handelsverband, 2022), presumably even more so
among the young adult population studied here; however, clothes
and electronic devices may also be bought outdoors in brick-
and-mortar stores. In Location, avoiding plastic (behaviour 8)
starts indoor at home when packing refillable containers but is
realised outdoor when buying unpackaged food. Location could
alternatively use places such as home, job/school, or free time
activities as categories. In Impact, the shares of behaviours in
the carbon footprint show substantial interpersonal variation,
and donating (behaviour 21) may have a direct impact when
buying carbon emission certificates. In Difficulty, engagement
probabilities vary considerably between the Swiss, Dutch, and
German estimates produced by Kaiser and colleagues, and their
attitude distributions might be outdated since they were calculated
in the 2000s. In Frequency, some behaviours have cross-loadings
on other factors (e.g., behaviour 15, eating meat). Error from
these ambiguities might reduce the statistical fit of posited
categorisations. Future studies could attempt to clarify these
ambiguities in an exploratory pre-study; or could systematically
vary and compare to which category the respective behaviours
are assigned, which however brings the risk of overfitting to the
data and shifting from the confirmatory to a more exploratory
approach.

Finally, due to constraints in survey administration, the
respondents were not asked to name the groups of behaviours they
formed in the card sorting task. Naming groups is common practice
in exploratory sorting studies (e.g., Gabe-Thomas et al., 2016). Future
research should elicit the subjective meanings of the categories
formed by respondents and could check to which extent the group
names mirror the names of posited categories.

Still, the present paper introduces three analytical approaches
for confirmatory testing of posited categorisations against observed
similarity patterns: co-occurrence matrix, edit distance, and
similarity index. After valuable exploratory studies in recent years
(Gabe-Thomas et al., 2016; Doran et al., 2018; Kneebone et al., 2018),
these approaches may help in consolidating research–not just on the
mental representations of climate-relevant behaviours, but also on
cognitive biases and misleading beliefs among climate sceptics (Zhao
and Luo, 2021), or potentially for any card sorting data.
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