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Abstract
Despite knowing that climate change exists, and counteraction is needed, many people still
fail to consistently act pro-environmentally in their day-to-day life. Theories like goal
framing theory attempt to explain why and when people act pro-environmentally or fail to do
so. Goal framing theory states that in each situation thoughts, behavior, and attention of a
person are influenced by an active goal frame (Lindenberg & Steg, 2007). Using eye-tracking,
the current study investigates whether active hedonic or normative goal frames influence
attention to litter in pictures of a littered natural environment. We expected that in a hedonic
goal frame, people direct their attention away from the litter to avoid displeasure, while
people in a normative goal frame direct their attention towards litter as a clue of a norm
violation. In an experimental study (n = 65) we manipulated a student sample into a
normative, hedonic, or neutral goal frame using picture material and targeted instructions.
We presented 25 pictures showing a beautiful natural environment containing litter and
used eye-tracking to measure the attentional allocation to litter and the beautiful nature
aspects of these pictures. The results do not show a difference between the groups in the
attentional allocation to litter or the beautiful environment, and most participants correctly
remembered seeing litter in all pictures. These findings suggest that goal frames do not
influence the attentional processes captured in this experiment. More research is needed to
assess the influence of goal frames on cognitive processes like attention.
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Is Litter in the Eye of The Beholder? The Influence of Goal Frames on Attention
to Litter in Pictures of Nature

Climate change is one of the biggest threats to life as we know it, and stopping it is
one of the most crucial challenges for our society. Currently, the measures to stop climate
change are insufficient to reach the goal of limiting global warming to 1.5 degrees (IPCC,
2023). One key factor in mitigating climate change is human behavior (Steg, Bolderdijk et
al., 2014; Winter & Koger, 2004). Understanding when and why people act pro-
environmentally or fail to do so, is an important step toward supporting people in acting pro-
environmentally (Steg & Vlek, 2009; Steg, Bolderdijk et al., 2014). To understand human
behavior, investigating the cognitive processes underlying a certain behavior can provide
valuable insights. Suri and Gross (2015) found, for example, that attentional processes can
explain why people often, despite knowing what would be best for them, do not act
accordingly. They found that, simply by increasing a person’s attention to a health-relevant
decision, it became more likely that this person would opt for the healthy behavior, for
example taking the stairs instead of the escalator (Suri & Gross, 2015). Protecting the planet
is in anyone’s best interest, and still, people fail to consistently act pro-environmentally.

Goal framing theory (Lindenberg & Steg, 2007) provides a framework for
understanding the motivators and barriers to pro-environmental behavior. According to this
theory, cognitive processes, behavioral alternatives and, ultimately, behavior, are influenced
by the activation of three goals: The hedonic goal frame to feel better, the normative goal
frame to act appropriately, and the gain goal frame to increase one’s resources (Lindenberg
& Steg, 2007; Steg, Bolderdijk et al., 2014). So far, research applying goal framing theory
predominantly neglected to investigate the assumptions about cognitive processes like
attention (Do Canto et al., 2023). Including measures of attention, however, could add
explanatory power to goal framing theory by testing its theoretical assumptions on a pre-
behavioral, subconscious, level. On a practical scale, this could be one step towards
understanding why people act pro-environmentally in some situations while failing to do so

in others, and how to help people act more pro-environmentally. This empirical study uses



eye-tracking to measure attention and test the assumptions of goal framing theory on a pre-
behavioral level, answering the following question: Do people in different goal frames,
hedonic versus normative, pay attention to different aspects of an ambivalent natural
situation, which contains hedonic and normative cues?

Hedonic and Normative Goal Frames

Goal framing theory states that in each situation one goal, hedonic, normative, or
gain, takes the focal position and influences cognitive processes, and behavior, dominantly,
while the other goals are working in the background (Lindenberg & Steg, 2007; Steg,
Bolderdijk et al., 2014). When the hedonic goal is focal, people are mainly focused on feeling
better, thus approaching aspects of their environment that improve their mood, and avoiding
aspects that worsen their mood or involve effort and discomfort (Lindenberg et al., 2018).
On the other hand, when the normative goal is focal, people are mainly concerned with
acting appropriately, even if it entails effort (Steg, Bolderdijk et al., 2014). Thus, the
normative goal frame is most predictive of pro-environmental behavior, as acting pro-
environmentally is seen as appropriate but often costly (Lindenberg & Steg, 2007; Steg,
Bolderdijk et al., 2014).

Goal frames are activated by an interaction of cues in the environment and the values
of a person (Steg, Bolderdijk et al., 2014). Values are “desirable goals that serve as guiding
principles in people’s life” (Steg & De Groot, 2012, p. 81). The hedonic goal frame is, for
example, strengthened by hedonic values, while the normative goal frame is associated with
biospheric values (De Groot & Steg, 2008; Steg & De Groot, 2012; Steg, Perlaviciute et al.,
2014). Hedonic values are values, that “focus on attaining pleasure, positive feelings and
reducing effort” (Bouman et al., 2018, p. 3), while biospheric values “reflect a concern for the
environment itself without a clear link to human beings” (Bouman et al., 2018, p.2). The
activation of a goal frame thus depends on situational cues as well as stable, trans-situational
personal factors (Schwartz & Bilsky, 1987; Schwartz, 1992; Schwartz et al., 2012; Steg & De
Groot, 2012). By adding goal-consistent environmental cues it should therefore be possible

to artificially activate goal frames. Lindenberg and colleagues (2018) provided initial support



for this, by artificially activating a hedonic goal frame in their participants by showing them
pictures of a chocolate cake and attractive women, and a normative goal frame by showing a
picture of the Statue of Lady Justice.

Application of Goal Framing Theory

Goal framing theory can explain why people act pro-environmentally in some
situations, but not in others, and how pro-environmental behavior might be increased by
strengthening a normative goal frame (Lindenberg & Steg, 2007). The distinction of the
three goal frames has been empirically validated (Do Canto et al., 2023), and the theory has
been widely applied to explain technology adaptation behavior (Dastjerdi et al., 2019),
consumer behavior (Barbopoulos & Johansson, 2016; Thggersen & Alfinito, 2020), customer
market segmentation (Bosehans & Walker, 2020), and moral behavior (Lindenberg et al.,
2018; Onwezen, 2023).

Despite the broad application of this theory, most studies rely on self-reports of
behavior (De Canto et al., 2023), with only a few studies experimentally testing the
assumptions underlying the goal framing theory (De Canto et al., 2023; Lindenberg et al.,
2018; Theogersen & Alfinito, 2020). This reflects a general overreliance on self-report
measures in environmental psychology research, recently criticized by Lange and colleagues
(2023). Besides possibly being subject to social desirability bias (Ewert & Galloway, 2009),
self-reports are also ill-suited to give insight into the cognitive processes behind behavior (De
Canto et al., 2023; Lange et al., 2023). Assessing cognitive processes can improve our
understanding of behavior, but so far studies targeting cognitive variables are rare in
environmental psychology (Sorqvist, 2016; Berg & Steg, 2018). Including measures of
cognitive processes like attention can add explanatory power to theories by explaining how a
situation translates into a behavioral outcome. An increased amount of attention to different
aspects of the environment, based on the active goal frame, could account for different
behavioral outcomes (Suri & Gross, 2015). To test this assumption, the current study uses

eye tracking to test if the activation of goal frames creates goal-frame consistent attentional



biases. If different goal frames can predict attentional biases, this is one possible way to
explain how goal frames influence behavior.
The Influence of Goal Frames on Attention

Goal framing theory states that goal frames influence cognitive processes like
attention (Lindenberg & Steg, 2007). Attention is the process of filtering relevant
information from the large amount of information present in every situation (Katsuki &
Constantinidis, 2013; Posner & Cohen, 1984). There are two filtering mechanisms of
attention: top-down and bottom-up. Bottom-up attention is guided by attributes in the
situation, like the color and shape of an object, while top-down attention is guided by
internal factors like goals (Desimone & Duncan, 1995; Katsuki & Constantinidis, 2013). The
influence of goal frames on attention, which the goal framing theory proposes, would be
considered a top-down process (Lindenberg & Steg, 2007; Steg, Bolderdijk et al., 2014).

Eye movements are directly connected to visual attention, and it can be inferred that
gaze location is an appropriate proxy for attention (Deubel & Schneider, 1996; Posner &
Cohen, 1984; Just & Carpenter, 1980; Lu & Pesarakli, 2022), which is commonly used as a
measure for attentional bias (Carter & Luke, 2020; McNamara et al., 2023). This study
measures the gaze to make inferences about attentional allocation and attentional biases to
different aspects of an ambivalent picture of nature.

Previous research has shown that attention is influenced by the active goal of a
person in each situation (Vogt et al., 2010; 2011) and that the mood of a person can influence
attention toward emotional stimuli (Becker & Leinenger, 2011; Sollberger et al., 2017; Todd
et al., 2012). In the field of clinical psychology, the influence of clinical symptoms like
depression (Suslow et al., 2020), eating disorders (Bauer et al., 2017; Kerr-Gaffney et al.,
2019), and addiction (Soleymani et al., 2020) on attention is well researched, whereas in
environmental psychology, studies about top-down attention are rare (Carter & Luke, 2020).

Some studies in the field of environmental psychology found evidence for an
attentional bias toward climate change images that is stronger in environmentally conscious

individuals (Beattie & McGuire, 2012; Carlson et al., 2019), and people with liberal political



views in the United States (Luo & Zhao, 2019), while other studies did not find a relation
between attention and pro-environmental attitudes (Beattie & McGuire., 2015; Meis-Harris
et al., 2021). These mixed results are also reflected in an eye-tracking study by Beattie et al.
(2010) who found that climate-relevant information on product packaging only attracted
attention for products with additional sustainability cues. This finding is in line with goal
framing theory, as it suggests that not only stable interpersonal differences like pro-
environmental attitudes influence attention, but also cues in the situation. By modifying the
cues in the situation, it should, therefore, be possible to direct visual attention (Carlson et al.,
2022).

According to goal framing theory, pleasurable aspects in a situation should attract
attention when a person is in a hedonic goal frame. Nature is a common pleasurable
stimulus as it has various beneficial effects on humans (Bratman et al., 2015), and looking at
beautiful natural scenes is rewarding (Joye, Koster et al., 2024; Joye, Lange et al., 2024), can
improve one’s mood (Ulrich, 1983; Todd et al., 2012), and is generally preferred over looking
at human-made environments (Batool et al., 2021). Littering on the other hand is an anti-
environmental behavior that is easily observable and commonly understood as norm-
violating and unpleasant (e.g. Cialdini et al, 1990; Schultz et al., 2013). Moreover, dealing
with a littered environment would involve effort and discomfort to pick up and dispose of the
litter.

Thus, when looking at ambivalent pictures of nature, with on the one hand beautiful
natural scenery and on the other hand piles of litter, people in a hedonic goal frame are
expected to have an attentional bias away from the litter and towards the beautiful natural
scenery, the aesthetic part of the picture, compared to people in a neutral goal frame, or a
normative goal frame (H1).

Individuals in a normative goal frame, however, should, according to goal framing
theory, have an attentional bias toward aspects of their environment that are related to

norms and norm violations (Lindenberg et al., 2018). Therefore, we expect people in the



normative goal frame to have an attentional bias to the litter in the ambivalent nature
pictures compared to people in a neutral or hedonic goal frame (H2).

Attention and thus gaze location are also related to the cognitive processing of stimuli
(Deubel & Schneider, 1996; Just & Carpenter, 1980; Lu & Pesarakli, 2022; Posner & Cohen,
1984). Participants in the normative condition, attending more to the litter in the pictures,
are, therefore, also likely more aware of the presence of the litter in the pictures. Following
that increased awareness, we expect that participants in the normative condition correctly
recollect seeing litter in more pictures than participants in the neutral or hedonic condition
(H3).

Method
Participants

We aimed to recruit 60 participants to reach a power of 0.80, to detect a small to
medium-sized effect (f = .20) with a significance level of a = 0.05, assuming a small to
medium correlation (r = .20) of the repeated measures (Cohen, 1988), based on a power
calculation using G*Power (Faul et al., 2007). The initial sample consisted of 76 psychology
students of the University of Groningen who received course credits for their participation.
All participants reported normal or corrected to normal vision. 6 participants had to be
excluded from data analysis, due to computer errors during the experiment, and 1 due to an
error of the eye-tracking equipment. Of the remaining 69 participants, 5 participants’
calibration procedure was not monitored by the researcher because of a misunderstanding in
the task instructions. The data of these participants was included in the data analysis as the
calibration procedure is assessed as self-explanatory enough to yield acceptable results, also
without supervision.

Upon analysis of trackloss data, missing eye-tracking data due to blinks or
connection loss between the eye-tracker and the eyes, 4 additional participants were
removed as their amount of trackloss data was more than one standard deviation above the
group mean. A total of 3 data points were missing for the measurement of hedonic and

biospheric values, as well as 2 data points for the number of recollected litter pictures. The



missing data was replaced by the group mean of the relevant question. According to
Tabachnick and Fidell (2014), replacing missing data with group means is an appropriate
technique for dealing with small amounts of missing data. This resulted in a final data set of
65 participants (49 females) and a majority (89%) of young (18-24) participants, which is to
be expected in a sample of university students. The participants were allocated to the 3
experimental conditions using a random number generator. This resulted in the following
distribution of participants: 26 in the hedonic, 19 in the normative, and 20 in the neutral
condition.
Material
Manipulation Material

We used a picture of a chocolate cake (Lindenberg et al., 2018) for the hedonic
condition that was created using an online Al image creation program (Runway Al, Inc.,
2024). Chocolate is considered especially pleasurable in Western Countries (Parker et al.,
2006; Wansink et al., 2003), and is associated with a hedonic appeal (De Pelsmaeker et al.,
2022; Parker & Brotchie, 2012). Even though there are gender differences in the liking of
chocolate, with females scoring higher on chocolate liking (Rozin et al., 1991) and craving
(Parker & Brotchie, 2012), the hedonic appeal of chocolate exists irrespective of gender (De
Pelsmaeker et al., 2022; Kiortsis et al., 2018; Rozin et al., 1991; Wansink et al., 2003).
Therefore, looking at the picture of a chocolate cake should strengthen the hedonic goal
frame of the participants irrespective of gender. To strengthen the manipulation participants
were instructed to have fun during the experiment, and they were informed that they would
receive a cookie at the end of the study.

For the normative condition, we created a picture of Lady Justice (Lindenberg et al.,
2018), using the Runway Al, Inc (2024) image creation tool. After pre-testing the picture
material, the Al-created picture was replaced by an iStock picture showing a Statue of Lady
Justice in the context of a courtroom as only one in four people recognized Lady Justice in
the Al-created picture. Aarts and Dijksterhuis (2003) found that images of a library could

activate the norm of being silent in their participants when it was paired with a behavioral



intention to visit the library. Therefore, the picture of Lady Justice was paired with
instructions to act according to the rules, and the information that the participants can be
observed by the researcher during the experiment. The feeling of being observed increases
norm-compliant behavior (Bateson et al., 2006; Dear et al., 2019; Kawamura & Kusumi,
2017), and should therefore strengthen the normative goal frame additionally.

For the neutral condition, a picture of a chair in an empty room was created using the
same online Al image creation program (Runway Al, Inc., 2024), with the prompt “simple
chair with neutral background, high definition”. Participants did not receive any additional
instructions. See Appendix A for the pictures and full instructions used in the manipulation.
Manipulation Check

To check the success of the manipulation, an open text input about feelings toward
the study was analyzed. In the neutral condition, 3 participants did not answer the question
about their feelings toward the study and were excluded from this manipulation check. The
most named feelings in the neutral condition were “relaxed”, “excited”, and variations of
“fine”. In the normative condition, the most stated feeling was “curious”, followed by “fine”.
Participants in the hedonic condition felt “good” and “excited” about the experiment and
expected to have “fun”. The data does not allow for drawing definite conclusions about the
success or failure of the manipulation, but it does hint towards group differences in the
feelings toward the experiment, likely caused by the experimental manipulation. See
Appendix B for a complete list of the expressed feelings toward the experiment by the
participants.

Stimuli

The 25 ambivalent nature pictures were created using pictures of nature provided by
the author and edited using online Al-based picture editing software (Runway Al, Inc.,
2024) with the prompt “Scattered pieces of litter, photorealistic”. Initially, 17 edited pictures
were pretested with a convenience sample of 15 participants, to test the perceived realism of
the pictures using a 7-point Likert scale from 1 = strongly disagree to 7 = strongly agree. The

realism ratings (M = 5.12, SD = 0.65) of the pictures supported the assumption that pictures
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created or edited using artificial intelligence can be used for studies in the social sciences
(Eberl et al., 2022), as they are generally perceived as realistic. Based on these results the 10
highest-scoring pictures were selected for the experiment and 15 additional images were
created resembling those pictures. A table is provided in Appendix C showing the pictures.

Each picture was separated into four equal-sized Areas of Interest (AOI), one litter
AOI, and three aesthetic AOIs, based on the AOI creation guidelines by Hessels and
colleagues (2016). The litter AOI represented the area of the image containing the litter,
whereas the other three aesthetic AOIs represented the beautiful nature parts (see Appendix
C for an example).

The mean trial duration was 10.42 seconds (SD = 0.60). Variances in trial duration
were caused by differences in the processing speed of the computers and technical errors.
Trial duration did not significantly differ between picture stimuli (F (24, 1600) = 0.58, p =
.95)

Control Variables

Personal values can influence the activation of goal frames (Steg, Bolderdijk et al.,
2014). To ensure that possible differences in attention are not based on differences in
personal values between the conditions, we measured biospheric and hedonic values using
two subscales of the environmental portrait value questionnaire (E-PVQ, Bouman et al.,
2018), and compared the results between the three experimental conditions. The seven items
of the two subscales of the E-PVQ, three items targeting hedonic (Cronbach’s a = .80), and
four items biospheric values (Cronbach’s a = .83), ask participants to rate their similarity to
a person in the same age range and gender who is upholding these values on a 7-point Likert
scale. (e.g. “It is important to [him/her] to protect the environment.” [Bouman et al., 2018,
p- 4D.

Apparatus

Two GazePoint GP3 eye trackers were used to collect the eye-gaze data of both eyes

with a 60Hz sample rate, and an accuracy of 0.5-1 degree angle (Gazepoint, n.d.). The data

collection took place in two separate cubicles within the research laboratories of the
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University of Groningen. Chinrests were used to increase the accuracy of the data (Holmqvist
et al., 2011). Stimuli were presented on a 27-inch Ilyama G2773HS monitor with a 120Hz
refresh rate. The distance between the monitor and the chinrest was 70 cm. The size of the
picture stimuli was 1024 x 768 pixels. The experiment was designed in OpenSesame (Mathot
et al., 2012) using the eye-tracking plug-in to collect the eye-gaze data.
Procedure

First, the chinrest was adjusted to fit the participant’s height, and participants were
instructed to follow the instructions on the screen. A random number generator assigned
each participant to one of the three experimental conditions upon starting the experiment.
Then participants gave their informed consent to participate and to the processing of their
data. To avoid demand effects, participants were informed that the purpose of the study was
to measure changes in pupil dilation related to differences in color and brightness of nature
pictures (Sollberger et al., 2017). Under the pretense of calibrating the eye-tracker, one of the
manipulation pictures (chocolate cake, lady justice, chair) was presented to the participant
for 10 seconds. To strengthen the manipulation, participants were asked to describe the
pictures in a few words. Participants were then informed about the procedure of the picture
task, and based on their condition, either instructed to have fun and promised a cookie
(hedonic), act appropriately and be told that they were being observed (normative), or
receive no further instruction (neutral). They were informed that they would be looking at 25
pictures of nature and instructed to let their gaze wander freely. As a manipulation check,
participants were asked to describe their current feelings towards the experiment. Then
participants completed the 9-point calibration of the eye-tracker. The researcher checked
that the calibration was successful and if necessary, recalibrated once. Afterward,
participants would look at the 25 ambivalent nature pictures in a randomized order. Before
every picture was presented a drift correction using a fixation dot in the center of the screen
was executed. Every picture was presented for 10 seconds (Beattie et al., 2010; Beattie &
McGuire, 2012; 2015). After looking at the pictures, participants were asked in how many of

the pictures they remembered seeing litter. Then they were asked to indicate their age and
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gender and fill in the E-PVQ questionnaire subscales. Lastly, all participants were informed
about the real purpose of the study and the manipulation. Upon being informed, they were
given another opportunity to remove their data. All participants were thanked for their
participation and offered a cookie at the end of the study.
Data Reduction and Planned Analysis

To measure attentional bias the combined gaze point of both eyes was used to
determine in which AOI the gaze was located per measurement timepoint. We used the total
dwell time, defined as the total time the gaze was located within an AOI, including fixations
and non-fixations, during one trial (Holmgqvist et al., 2011). Using the package GazeR (Geller
et al., 2020) in R, we calculated the total dwell time per AOI and the amount of trackloss,
due to blinks or eye-tracking failures. The mean trackloss per trial was M=0.75s (SD =
0.65s). The sum of the dwell time of the three aesthetic AOIs comprised the aesthetic dwell
time measure. Higher dwell times on the litter AOI would indicate an attentional bias to
litter aspects of the picture, while higher dwell times on the aesthetic AOIs would indicate an
attentional bias to the aesthetic aspects. As the size of the aesthetic AOIs is three times the
size of the litter AOI, comparisons of aesthetic dwell times to aesthetic dwell times, and litter
to litter dwell times are more insightful than comparisons between litter and aesthetic AOI
dwell times. Thus, we calculated two mixed-methods ANOVAs to compare, respectively, the
attentional bias to aesthetic aspects of the pictures (H1), and the attentional bias to litter
aspects of the pictures (H2) between the three experimental groups. To test the recollection
of seeing litter in the pictures (H3) a between-subjects ANOVA was calculated. All statistical
tests were performed in R.

Results

Descriptives

A MANOVA showed that the three experimental conditions, hedonic, normative, and
neutral, did not differ significantly in biospheric and hedonic values (F (4, 124) = 0.86, p =
.49). Table 1 displays the mean scores, standard deviations, and follow-up tests for group

differences of value scores. Neither of the follow-up ANOVAs for group differences for
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biospheric (F (2, 62) = 1.29, p = .28) or hedonic (F (2, 62) = 0.59, p = .56) values were
significant. Correlations between the values and the dwell time on aesthetic and litter aspects

of the picture stimuli are displayed in Table 2.

Table 1

Means, Standard Deviations, and One-Way Analysis of Variance in Biospheric and

Hedonic Values

Measure Hedonic Normative Neutral F(2, 62) n2
M SD M SD M SD
Biospheric
5.47 1.23 5.89 0.93 5.88 0.68 1.29 0.04
values
Hedonic
6.38 0.58 6.22 0.8 6.18 0.71 0.59 0.02
values
Table 2

Descriptive Statistics and Correlations for Study Variables for Full Sample

Variable M SD 1 2 3 4
1. Biospheric values 5.70 1 --
2. Hedonic values 6.27 0.68 -.13%* -

3. Dwell time on
. 5.21 188 .05% -.01 -
aesthetic aspects

4. Dwell time on litter
4.46 1.85 -.04 -.02 -.89** -
aspects

*p <.05 **p<.o1.

Group means for the dwell time on the aesthetic aspects of the pictures were slightly
higher in the normative (M = 5.33, SD = 1.9) than in the neutral (M = 5.17, SD = 1.75) and
hedonic condition (M = 5.15, SD = 1.97). Group means for the dwell time on the litter aspect
were highest in the hedonic condition (M = 4.59, SD = 1.88), followed by the neutral (M =
4.49, SD = 1.65) and normative condition (M = 4.26, SD = 1.96). Despite the size differences

between aesthetic and litter AOIs, with the aesthetic AOI region being three times the size of
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the litter AOI region, across all subjects, the mean dwell time on litter aspects of pictures
(Mrotal = 4.45, SD = 1.85) was only slightly shorter than on aesthetic aspects (Mot = 5.21, SD
=1.88).

Hypotheses Testing

Attentional Bias to Aesthetic Aspects of Pictures

To test H1, which assumed group differences in the attentional allocation to the
aesthetic aspects of the pictures, with the hedonic group having the highest dwell time,
followed by the neutral, and normative group, a mixed model analysis of variance was
calculated. This mixed model ANOVA was performed with total dwell time on the aesthetic
AOTIs as the dependent variable, pictures as the within-subject factor, and experimental
condition as the between-subject factor. The normality assumption for the dwell time on
aesthetic aspects of the pictures was investigated graphically and tested using the Shapiro-
Wilks test of normality (Shapiro & Wilk, 1965). For all but seven of the 25 time points the
assumption of normality was supported by the data. ANOVAs are considered robust to
moderate violations of normality (Sawyer, 2009; Tabachnick & Fidell, 2014), thus despite
these violations the ANOVA is still considered an appropriate test to detect group differences
in the dwell time data. To correct for the violation of the assumption of sphericity the
Greenhouse-Geisser epsilon correction was performed (Greenhouse & Geisser, 1959).

The mixed model ANOVA did not support the hypothesis (H1) of group differences in
dwell time for the aesthetic aspects of the stimuli pictures (F (2, 62) = 0.2, p = .82). The
experimental groups did not differ in the amount of time they were looking at aesthetic
aspects of the picture stimuli.

Attentional Bias to Litter Aspects of Pictures

A second mixed model ANOVA was performed to test H2 which assumed group
differences in dwell time on the litter AOI of the pictures, with the normative group having
the highest dwell time on the litter, followed by the neutral and the hedonic group. The total
dwell time on the litter AOI served as the dependent variable, pictures as the within-subject

factor, and experimental conditions as the between-subject factor. Graphic investigations
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and the Shapiro-Wilks test of normality (Shapiro & Wilk, 1965), support the assumption of
normality for the litter dwell time for all but seven out of 25 time points. Sphericity was
violated for the dwell time on litter data, so the Greenhouse Geisser epsilon correction was
performed (Greenhouse & Geisser, 1959). The hypothesis that the groups would differ in
dwell time on the litter aspects of the picture stimuli (H2) was not supported by the mixed
model ANOVA (F (2, 26) = 0.66, p = .52). The experimental groups did not differ in the
amount of time they were looking at the litter aspects of the picture stimuli.
Number of Pictures with Litter

To test the hypothesis assuming a difference in the number of pictures, in which
participants recalled seeing litter, between experimental groups (H3) a one-way ANOVA was
performed with recollected picture number as the dependent variable and experimental
groups as the between-subject factor. The ANOVA did not support the hypothesis of group
differences in the number of recollected litter pictures (F (2, 62) = 2.25, p = .11). The
normality assumption and the assumption of equal variances were violated in the data set.
There were also serious ceiling effects as 55 out of 65 participants correctly remembered
seeing litter in all 25 pictures. Thus, it is difficult to draw conclusions about possible group
differences based on this data. The hypothesis of a group difference in the number of
pictures, in which participants recollect seeing litter, is not supported by the data.
Exploratory Analyses

The mixed model ANOVAs for hypotheses 1 and 2 did not reveal any significant
differences in dwell time on aesthetic or litter aspects of the pictures between groups. The
effect of pictures, on the other hand, was significant for dwell time for aesthetic aspects (F
(24, 1488) = 17.59, p <.001) and litter aspects (F (24, 1488) = 17.53, p <.001). Thus, at least
one of the pictures differs from the others regarding the dwell time on aesthetic and litter
aspects. Graphical exploration of the data, see figures 1 and 2, revealed that for pictures 2
and 13 the dwell time on the picture was noticeably lower for aesthetic aspects and higher for
the litter aspects, while pictures 7, 9, 14, 19, and 25 were higher for the aesthetic aspects, and

lower for the litter aspects than the average picture.
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Figure 1

Estimated Marginal Means for Aesthetic Dwell Times per Experimental Group

~
L

I' ¢
f /
f \/ Ih / subject_group
\‘ N | —e~ hedonic
5 ¢ ( A/ \ | neutral
‘ T . ! \ / normative
|

Estimated Marginal Means for Aesthetic Dwell Timmes

123 456 7 8 9 10111213 14 1516 17 18 19 20 21 22 23 24 25
Stimulus

Note: The figure shows the estimated marginal means for the dwell time on the aesthetic
aspects of the stimulus pictures separated for experimental conditions. The numbers on the

x-axis correspond to the picture numbers in the overview of pictures in Appendix C.

Figure 2

Estimated Marginal Means for Litter Dwell Times per Experimental Group
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To explore these differences further we grouped the pictures 7, 9, 14, 19, and 25 in a
“high aesthetic” group, the pictures 3 and 4 in a “high litter” group, and the remaining
pictures in an “average” group. Then we performed two one-way ANOVAs with this grouping
as a between-subject factor and the differences in dwell time on litter and dwell time on
aesthetic aspects as dependent variables. The ANOVAs for aesthetic dwell time (F (2, 1622) =
99.3, p < .001, n2 = .11), and litter dwell time (F (2, 1622) = 99.22, p < .001, 12 = .11) revealed
that there were statistically significant differences between at least one of the picture groups.
Tukey’s post hoc comparison revealed that all three groups differed significantly (p <.001)
from one another for aesthetic and litter dwell times. This suggests that at least some of the
stimuli pictures differed regarding their attraction potential of attention to litter and
aesthetic aspects. Possible reasons for these differences will be explored in the discussion.

Discussion

This study represents one of the first studies to experimentally test the influence of
goal frames on attention. According to goal framing theory, the focal goal should direct
attentional processes toward goal-consistent elements of the environment, representing one
pathway of influence of goals on behavior (Lindenberg & Steg, 2007; Steg, Bolderdijk et al.,
2014). The purpose of this study was to test if a hedonic goal frame caused an attentional
bias to elements consistent with the hedonic goal to have fun (aesthetic aspects), while a
normative goal frame caused an attentional bias to elements consistent with the normative
goal to act appropriately (litter aspects). Between-group comparisons of the total dwell time,
the total amount of time the gaze was located within the litter or the aesthetic AOIs during a
trial (Holmgvist et al., 2011), did not provide support for the hypothesized influence of goal
frames on attention. Contrary to our hypothesis, there were also no significant differences in
the number of correctly recollected pictures containing litter between the experimental
conditions. Instead, almost all participants correctly remembered seeing litter in all 25
pictures. Exploratory analyses of the dwell time data revealed that the attention to litter was

proportionally higher than to the aesthetic aspects of the images and that the pictures
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themselves significantly differed in the total dwell time on aesthetic and litter aspects across
the groups.
General Findings

The findings of this study suggest that neither a hedonic goal frame is effectively
guiding the attention away from the litter in the pictures, nor that a normative goal frame is
increasing the attention to the litter. Previous eye-tracking studies found that people with a
high pro-environmental attitude (Beattie & McGuire, 2012; 2015) or a liberal political view in
the United States (Luo & Zhao, 2019), paid more attention to pictures showing evidence of
climate change. Artificially inducing a temporally higher pro-environmental stance by
strengthening the normative goal frame in our study, however, did not lead to increased
attention to litter as a form of environmental pollution. Interestingly, however, the effects of
pro-environmental attitudes in the studies by Beattie and McGuire (2012; 2015) were only
significant when operationalized as implicit, not explicit, pro-environmental attitudes. While
explicit attitudes reflect the attitude a person would report when asked about a topic, the
implicit attitude is argued to be the true attitude a person holds (Beattie & McGuire, 2012;
2015; Greenwald et al., 1998). Thus, attention seems to be influenced by pro-environmental
attitudes, but only if these pro-environmental attitudes reflect a person's implicit attitude.
Similarly, only pro-environmental behavior was associated with increased attention to
negative images of climate change in a study by Meis-Harris and colleagues (2021). Their
attempt to increase attention to climate change images by priming pro-environmental
attitudes with picture material, however, failed (Meis-Harris et al., 2021). It is possible that
only the values, being stable and trans-situational, and thus more likely to represent
implicitly held beliefs of the participants, influenced their attentional allocation in our
experiment. As the experimental groups did not differ regarding biospheric and hedonic
values, it is plausible that we did not find differences in attentional allocation between the
groups.

This does not necessarily mean that goal frames do not influence attention at all.

Attention is a two-way process with a more deliberate top-down control mechanism, guiding
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attention based on the goals of a person, and a more automatic bottom-up mechanism,
guiding attention based on the attributes of the stimuli people are looking at (Desimone &
Duncan, 1995; Katsuki & Constantinidis, 2013; Perugini, 2005). In our study, and the above-
mentioned eye-tracking studies (Beattie & McGuire, 2012; 2015; Luo & Zhao, 2019), a free-
viewing task was used to measure attention. In our study, we specifically instructed the
participants to look at the pictures naturally, refraining from giving any real instructions as
we wanted to avoid demand effects. This might have led to a primary influence of automatic,
bottom-up attentional mechanisms in our experiment, instead of the balanced influence of
top-down and bottom-up attention found in natural situations (Desimone & Duncan, 1995;
Katsuki & Constantinidis, 2013; Pinto et al., 2013). Automatic processes are largely
influenced by implicit attitudes (Perugini, 2005), and in the case of attention, by the
attributes of the situation (Desimone & Duncan, 1995; Katsuki & Constantinidis, 2013).
Thus, it might be that the type of attention which is captured with the free viewing task, is
not suitable to detect differences that go beyond automatic processes. Only attributes of the
stimuli, the pictures in our study, or the different objects in an eye-tracking study by Beattie
and colleagues (2010), and implicit, stable attitudes would influence this type of attention.
This could explain why the pictures themselves significantly influenced attentional
allocation. Possibly subtle differences within the pictures guided the attention in the absence
of a concrete task to direct attention (Parkhurst & Niebur, 2004). Goal frames, on the other
hand, might influence more deliberate actions, like top-down attention or behavior, that
were not captured in our experiment (Perugini, 2005).

Another interesting finding is that people independent of their goal frames paid
attention to litter in the pictures. Almost all participants recollected seeing litter in all 25
pictures, and the attention to litter was proportionally higher than to the aesthetic aspects of
the images. If indeed only automatic attentional processes were captured in our experiment,
this means that instances of environmental pollution automatically attract attention,
independent of the current mindset of a person. This is in line with previous findings,

indicating that climate change images effectively attract attention (Carlson et al., 2019;



20

O’Neill & Nicholson-Cole, 2009). This can be considered positive news. Most people pay
attention to climate change images, and according to the results of this study see and
remember instances of environmental pollution even in a hedonic mindset.
Strengths of the Study

This research represents an innovative study in the field of environmental
psychology. Firstly, we looked at a widely applied theory of environmental psychology, the
goal framing theory (Lindenberg & Steg, 2007) from the often-overlooked cognitive
perspective (Do Canto et al., 2023; Lange et al, 2023). We experimentally tested the
assumptions underlying the goal framing theory by manipulating the goal frames of the
participants and used eye-tracking measures, instead of self-reports (Do Canto et al., 2023;
Ewert & Galloway, 2009; Lange et al., 2023). Through this, we could show that goal frames
do not induce attentional biases in a free-viewing task, which raises questions about the
influence of goal frames on attention. Secondly, we used picture stimuli that were created
and manipulated using AI. While artificial intelligence recently gained much popularity and
media attention, the possibility of using it to create customary experimental material is still
mostly unexplored (Eberl et al., 2022). This study showed that the use of Al to create
customized stimuli is simple, cost-, and time-efficient. Thirdly, we were able to provide
initial experimental evidence that even in a hedonic mindset, people pay attention to the
negative aspects of the surrounding environment. This finding can inform pro-
environmental communication, by highlighting that increasing attention to environmental
damage might not be the most urgent area of action. Lastly, our results give rise to many new
open questions that hopefully inspire and motivate further research on the cross-section
between environmental and cognitive psychology.
Limitations and Future Research

The biggest strength of the study, its innovativeness, is also the root of its limitations.
Most of the study material, the manipulation material, and the stimuli pictures were not
validated. While the manipulation material was based on a previous study by Lindenberg

and colleagues (2018), and checked using a manipulation check, it is not guaranteed that the
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manipulation itself was successful or stable. It is possible that looking at the picture stimuli
itself influenced the activation of goal frames, as seeing litter can strengthen the hedonic goal
frame (Keizer et al., 2008; 2011; 2013), and seeing beautiful nature can strengthen the
normative goal frame (Perlin & Li, 2020; Piff et al., 2015). Future studies might benefit from
multiple manipulation checks throughout the experiment to improve the understanding of
variations in goal frame activation.

It should also be considered that participants, expected to see pictures of nature but
did not expect to see litter. Novelty and unexpectedness can lead to an increase in attention
and dwell time (Ernst et al., 2020; Horstmann, 2015; Horstmann & Herwig, 2015; Itti &
Baldi, 2009). The litter aspects of the pictures might have attracted attention simply by being
unexpected. This may explain why the dwell time on the litter AOI was disproportionally
high relative to its size, despite evidence that people generally prefer looking at nature
(Batool et al., 2021). The artificiality of the litter might also have played a role in attracting
attention. While Eberl and colleagues (2022) successfully created stimulus material using Al
that was not recognized by their student sample, another study by Doss and colleagues
(2023) suggests that especially university students have a high success rate in distinguishing
real material from deepfakes. As our sample consisted exclusively of university students, it is
possible that they recognized or at least suspected that the pictures were manipulated.

Another limitation lies in the way we operationalized attention. As explained above, it
is possible that the dwell time measure in a free viewing task only captures the automatic,
non-deliberate aspect of attention. To test the assumption of goal framing theory
(Lindenberg & Steg, 2007) on attention more thoroughly it is important, that the whole
spectrum of attention, bottom-up and top-down processes, is considered (Desimone &
Duncan, 1995). Other measures that give insight into cognitive processes beyond purely
measuring natural gaze could give valuable insights. Measuring pupil dilation for example
might help to test assumptions of the goal framing theory by providing information about
the emotional processes while looking at pictures (Brosch, 2021; Hess & Polt, 1960; Mathot,

2018). Furthermore, we recommend that future research investigates the influence of goal
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frames on the automatic and deliberate processes, as we described earlier. Testing the
influence of values and goal frames distinctively for highly automatic processes, like
attention in free-viewing tasks, and highly deliberate processes, like actual behavior, could
bring additional explanatory and predictive value to the goal framing theory.

Despite new advancements in eye-tracking technology enabling researchers to collect
high-quality data in field research, most eye-tracking studies, like ours, are still conducted in
laboratories (Nordfilt & Ahlbom, 2024). Laboratory experiments are mostly characterized
by high artificiality. While the results of laboratory experiments often transfer well to real
life, this depends on the topic under study (Holleman et al., 2020). Simply looking at
pictures of nature is not the same as experiencing nature with all senses, and environmental
pollution, is likely to be more troubling in the real world than in a picture (Brooks et al.,
2017). Furthermore, a laboratory setting might not be the most suitable option to research
how people behave in a fun, hedonic setting. Adjustments like inducing a pleasant smell or
decorating the laboratory could marginally improve the ecological validity of laboratory
studies about hedonic behavior (Li et al., 2007). However, future research would likely
benefit more from investing in innovative technical solutions like virtual reality glasses that
allow full immersion into the experiment (Parsons, 2015) or mobile eye-tracking devices that
enable high-quality eye-tracking outside of laboratories (Nordfilt & Ahlbom, 2024).

Lastly, our sample consisted exclusively of students who participated to gain course
credits. This obligatory nature could have influenced the prior goal frames of the students.
The rather low sample size, resulting from exclusions due to computer errors and recruiting
difficulties, plus the randomization procedure resulting in an unbalanced design, decreased
the power of our statistical analyses (Tabachnick & Fidell, 2014). While our sample size was
still sufficient based on the power analysis described in the method section, future studies
might benefit from a larger, more diverse sample. Especially studies that aim to investigate
the influence of the value aspects of goal frames should take particular care to sample

participants with a wider range of values than our mostly homogenous student sample.
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Implications for Practice

There was no difference between the goal frame conditions in the amount of
attention participants paid to litter aspects and beautiful nature. We found, however, that
most participants paid proportionally more attention to litter than beautiful natural scenery.
While it is hard to draw definite conclusions about behavior in the real world from our
results, it might be, that people, independent of their goals in a situation pay attention to
environmental pollution, like litter. Thus, even in purely hedonic settings, people seem to be
generally aware of litter. This could imply that it is not necessary to increase attention to
environmental pollution even further to support pro-environmental behavior. However, due
to the unnaturalness of the study in a laboratory setting and the rejection of our hypotheses
only very limited implications for practice can be drawn. More research is necessary to
provide a sound recommendation regarding the possible use of goal frames to support pro-
environmental behavior in practice.
Conclusion

Our results do not indicate an influence of goal frames, hedonic or normative, on
attentional allocation to litter in pictures of nature. While the experimental conditions did
not differ regarding the allocation of attention, different pictures attracted different levels of
attention to litter and natural aspects. Across all conditions, however, attention to litter was
proportionally higher than attention to the beautiful aspects of nature, which could indicate
that independent of the goal frame, people pay attention to environmental pollution like
litter. The lack of influence of goal frames on attention might be a result of the type of
attentional measurement used. Future research is needed to investigate the influence of goal

frames on cognitive and behavioral processes.



24

References

Aarts, H., & Dijksterhuis, A. (2003). The silence of the library: Environment, situational
norm, and social behavior. Journal of Personality and Social Psychology, 84(1), 18—
28. https://doi.org/10.1037/0022-3514.84.1.18

Barbopoulos, 1., & Johansson, L. O. (2016). A multi-dimensional approach to consumer
motivation: Exploring economic, hedonic, and normative consumption goals.
Journal of Consumer Marketing, 33(1), 75—84. https://doi.org/10.1108/JCM-08-
2014-1091

Bateson, M., Nettle, D., & Roberts, G. (2006). Cues of being watched enhance cooperation in
a real-world setting. Biology Letters, 2(3), 412—414.
https://doi.org/10.1098/rsbl.2006.0509

Batool, A., Rutherford, P., McGraw, P. V., Ledgeway, T., & Altomonte, S. (2021). Gaze
correlates of view preference: Comparing natural and urban scenes. Lighting
Research and Technology, 54(6), 576—594.
https://doi.org/10.1177/14771535211055703

Bauer, A., Schneider, S., Waldorf, M., Braks, K., Huber, T. J., Adolph, D., & Vocks, S. (2017).
Selective Visual Attention Towards Oneself and Associated State Body Satisfaction:
An Eye-Tracking Study in Adolescents with Different Types of Eating Disorders.
Journal of Abnormal Child Psychology, 45(8), 1647—1661.
https://doi.org/10.1007/s10802-017-0263-z

Beattie, G., & McGuire, L. (2015). Harnessing the unconscious mind of the consumer: How
implicit attitudes predict pre-conscious visual attention to carbon footprint
information on products. Semiotica, 2015(204). https://doi.org/10.1515/sem-2014-
0079

Beattie, G., & McGuire, L. (2012). See no evil? Only implicit attitudes predict unconscious
eye movements towards images of climate change. Semiotica, 2012(192).

https://doi.org/10.1515/sem-2012-0066



25

Beattie, G., McGuire, L., & Sale, L. (2010). Do we actually look at the carbon footprint of a
product in the initial few seconds? An experimental analysis of unconscious eye
movements. International Journal of Environmental, Cultural, Economic and Social
Sustainability, 6(1), 47—66. https://doi.org/10.18848/1832-2077/cgp/v06i01/54719

Becker, M. W., & Leinenger, M. (2011). Attentional selection is biased toward mood-
congruent stimuli. Emotion, 11(5), 1248—1254. https://doi.org/10.1037/a0023524

Berg, A. E. V. D., & Steg, L. (2018). Conclusion: Summary, trends, and future perspectives in
environmental psychology. In Environmental Psychology: An Introduction (pp. 341-
351). Wiley. https://doi.org/10.1002/9781119241072.ch33

Bosehans, G., & Walker, 1. (2020). Do supra-modal traveller types exist? A travel behaviour
market segmentation using Goal framing theory. Transportation, 47(1), 243—273.
https://doi.org/10.1007/s11116-018-9874-7

Bouman, T., Steg, L., & Kiers, H. A. L. (2018). Measuring Values in Environmental Research:
A Test of an Environmental Portrait Value Questionnaire. Frontiers in Psychology, 9,
564. https://doi.org/10.3389/fpsyg.2018.00564

Bratman, G. N., Daily, G. C., Levy, B. J., & Gross, J. J. (2015). The benefits of nature
experience: Improved affect and cognition. Landscape and Urban Planning, 138, 41—
50. https://doi.org/10.1016/j.landurbplan.2015.02.005

Brooks, A. M., Ottley, K. M., Arbuthnott, K. D., & Sevigny, P. (2017). Nature-related mood
effects: Season and type of nature contact. Journal of Environmental Psychology, 54,
91-102. https://doi.org/10.1016/j.jenvp.2017.10.004

Brosch, T. (2021). Affect and emotions as drivers of climate change perception and action: a
review. Current Opinion in Behavioral Sciences, 42, 15—21.
https://doi.org/10.1016/j.cobeha.2021.02.001

Carlson, J. M., Lehman, B. R., & Thompson, J. L. (2019). Climate change images produce an
attentional bias associated with pro-environmental disposition. Cognitive

Processing, 20(3), 385—390. https://doi.org/10.1007/s10339-019-00902-5



26

Carlson, J. M., Voltz, M., Foley, J., Gentry, L., & Fang, L. (2022). Changing how you look at
climate change: Attention bias modification increases attention to climate change.
Climatic Change, 175(3—4), 16. https://doi.org/10.1007/s10584-022-03471-3

Carter, B. T., & Luke, S. G. (2020). Best practices in eye tracking research. International
Journal of Psychophysiology, 155, 49—62.
https://doi.org/10.1016/j.ijpsycho.2020.05.010

Cialdini, R. B., Reno, R. R., & Kallgren, C. A. (1990). A focus theory of normative conduct:
Recycling the concept of norms to reduce littering in public places. Journal of
Personality and Social Psychology, 58(6), 1015—1026.
https://doi.org/10.1037/0022-3514.58.6.1015

Cohen, J. (1988). Statistical Power Analysis for the Behavioral Sciences. Erlbaum.
https://doi.org/10.4324/9780203771587

Dastjerdi, A. M., Kaplan, S., De Abreu E Silva, J., Anker Nielsen, O., & Camara Pereira, F.
(2019). Use intention of mobility-management travel apps: The role of users goals,
technophile attitude and community trust. Transportation Research Part A: Policy
and Practice, 126, 114—135. https://doi.org/10.1016/j.tra.2019.06.001

De Groot, J. I. M., & Steg, L. (2008). Value Orientations to Explain Beliefs Related to
Environmental Significant Behavior: How to Measure Egoistic, Altruistic, and
Biospheric Value Orientations. Environment and Behavior, 40(3), 330—354.
https://doi.org/10.1177/0013916506297831

De Pelsmaeker, S., Gellynck, X., Dewettinck, K., & Schouteten, J. J. (2022). Effect of tasting
and flavour on chocolate-evoked emotions by consumers. British Food Journal,
124(12), 4354—4371. https://doi.org/10.1108/BFJ-07-2021-0834

Dear, K., Dutton, K., & Fox, E. (2019). Do ‘watching eyes’ influence antisocial behavior? A
systematic review & meta-analysis. Evolution and Human Behavior, 40(3), 269—

280. https://doi.org/10.1016/j.evolhumbehav.2019.01.006



27

Desimone, R., & Duncan, J. (1995). Neural mechanisms of selective visual attention. Annual
Review of Neuroscience, 18(1), 193-222.
https://doi.org/10.1146/annurev.ne.18.030195.001205

Deubel, H., & Schneider, W. X. (1996). Saccade target selection and object recognition:
Evidence for a common attentional mechanism. Vision Research, 36(12), 1827—
1837. https://doi.org/10.1016/0042-6989(95)00294-4

Do Canto, N. R., Grunert, K. G., & Dutra De Barcellos, M. (2023). Goal-framing theory in
environmental behaviours: Review, future research agenda and possible applications
in behavioural change. Journal of Social Marketing, 13(1), 20—40.
https://doi.org/10.1108/JSOCM-03-2021-0058

Doss, C., Mondschein, J., Shu, D., Wolfson, T., Kopecky, D., Fitton-Kane, V. A., Bush, L. B,
& Tucker, C. S. (2023). Deepfakes and scientific knowledge dissemination. Scientific
Reports, 13(1). https://doi.org/10.1038/s41598-023-39944-3

Eberl, A., Kiihn, J., & Wolbring, T. (2022). Using deepfakes for experiments in the social
sciences—A pilot study. Frontiers in Sociology, 7, 907199.
https://doi.org/10.3389/fsoc.2022.907199

Ernst, D., Becker, S. I., & Horstmann, G. (2020). Novelty competes with saliency for
attention. Vision Research (Oxford), 168, 42-52.
https://doi.org/10.1016/j.visres.2020.01.004

Ewert, A., & Galloway, G. (2009). Socially desirable responding in an environmental context:
Development of a domain specific scale. Environmental Education Research, 15(1),
55—70. https://doi.org/10.1080/13504620802613504

Faul, F., Erdfelder, E., Lang, A. G., & Buchner, A. (2007). G*¥Power 3: A flexible statistical
power analysis program for the social, behavioral, and biomedical sciences. Behavior
Research Methods, 39, 175-191.

Gazepoint. (n.d.). GP3 Eye Tracker. https://www.gazept.com/product/gazepoint -gp3-eye-

tracker/?v=796834e7a283



28

Geller, J., Winn, M. B., Mahr, T., & Mirman, D. (2020). GazeR: A Package for Processing
Gaze Position and Pupil Size Data. Behavior Research Methods, 52(5), 2232—2255.
https://doi.org/10.3758/s13428-020-01374-8

Greenhouse, S.W., & Geisser, S. (1959). On methods in the analysis of profile data.
Psychometrika, 24, 95—112.

Greenwald, A. G., McGhee, D. E., & Schwartz, J. L. K. (1998). Measuring individual
differences in implicit cognition: The implicit association test. Journal of Personality
and Social Psychology, 74(6), 1464—1480.
https://doi.org/10.1037/0022-3514.74.6.1464

Hess, E. H., & Polt, J. M. (1960). Pupil size as related to interest value of visual
stimuli. Science, 132(3423), 349—350. https://doi.org/10.1126/science.132.3423.349

Hessels, R. S., Kemner, C., Van Den Boomen, C., & Hooge, I. T. C. (2016). The area-of-
interest problem in eyetracking research: A noise-robust solution for face and sparse
stimuli. Behavior Research Methods, 48(4), 1694—1712.
https://doi.org/10.3758/s13428-015-0676-y

Holleman, G. A., Hooge, I. T. C., Kemner, C., & Hessels, R. S. (2020). The ‘Real-World
Approach’ and its problems: A critique of the term ecological validity. Frontiers in
Psychology, 11. https://doi.org/10.3389/fpsyg.2020.00721

Holmgvist, K., Nystrom, M., Andersson, R., Dewhurst, R., Jarodzka, H., & Van de Weijer, J.
(2011). Eye tracking: A comprehensive guide to methods and measures. Oxford
University Press.

Horstmann, G. (2015). The surprise—attention link: a review. Annals of the New York
Academy of Sciences, 1339(1), 106—115. https://doi.org/10.1111/nyas.12679

Horstmann, G., & Herwig, A. (2015). Novelty biases attention and gaze in a surprise
trial. Attention, Perception & Psychophysics, 78(1), 69-77.

https://doi.org/10.3758/s13414-015-0995-1


https://doi.org/10.3758/s13428-020-01374-8

29

IPCC. (2023). Climate Change 2023 Synthesis Report. A Report of the Intergovernmental
Panel on Climate Change. Intergovernmental Panel for Climate Change.
https://doi.org/10.59327/IPCC/AR6-9789291691647

Itti, L., & Baldi, P. (2009). Bayesian surprise attracts human attention. Vision
Research, 49(10), 1295—1306. https://doi.org/10.1016/j.visres.2008.09.007

Joye, Y., Koster, M., Lange, F., Fischer, M., & Moors, A. (2024). A goal-discrepancy account
of restorative nature experiences. Journal of Environmental Psychology, 93,
102192. https://doi.org/10.1016/j.jenvp.2023.102192

Joye, Y., Lange, F., Lisauskiené, A., & Makauskaité, D. (2024). Watching (natural) beauty
boosts task performance: Testing the nature-as-reward hypothesis. Psychological
Research. https://doi.org/10.1007/s00426-023-01922-9

Just, M. A., & Carpenter, P. A. (1980). A theory of reading: From eye fixations to
comprehension. Psychological Review, 87(4), 3290—354-.
https://doi.org/10.1037/0033-295X.87.4.329

Katsuki, F., & Constantinidis, C. (2013). Bottom-Up and Top-Down attention.
Neuroscientist, 20(5), 509—521. https://doi.org/10.1177/1073858413514136

Kawamura, Y., & Kusumi, T. (2017). The norm-dependent effect of watching eyes on
donation. Evolution and Human Behavior, 38(5), 659—666.
https://doi.org/10.1016/j.evolhumbehav.2017.05.003

Keizer, K., Lindenberg, S., & Steg, L. (2013). The importance of demonstratively restoring
order. PloS One, 8(6), e65137. https://doi.org/10.1371/journal.pone.0065137

Keizer, K., Lindenberg, S., & Steg, L. (2011). The reversal effect of prohibition signs. Group
Processes & Intergroup Relations/Group Processes and Intergroup Relations, 14(5),
681—688. https://doi.org/10.1177/1368430211398505

Keizer, K., Lindenberg, S., & Steg, L. (2008). The Spreading of Disorder. Science, 322(5908),

1681-1685. https://doi.org/10.1126/science.1161405



30

Kerr-Gaffney, J., Harrison, A., & Tchanturia, K. (2019). Eye-tracking research in eating
disorders: A systematic review. International Journal of Eating Disorders, 52(1), 3—
27. https://doi.org/10.1002/eat.22998

Kiortsis, D. N., Spyridonos, P., Margariti, P. N., Xydis, V., Alexiou, G., Astrakas, L. G., &
Argyropoulou, M. 1. (2018). Brain activation during repeated imagining of chocolate
consumption: A functional magnetic resonance imaging study. Hormones, 17(3),
367—371. https://doi.org/10.1007/542000-018-0053-1

Lange, F., Berger, S., Byrka, K., Briigger, A., Henn, L., Sparks, A. C., Nielsen, K. S., & Urban,
J. (2023). Beyond self-reports: A call for more behavior in environmental psychology.
Journal of Environmental Psychology, 86, 101965.
https://doi.org/10.1016/j.jenvp.2023.101965

Li, W., Moallem, I., Paller, K. A., & Gottfried, J. A. (2007). Subliminal Smells can Guide
Social Preferences. Psychological Science, 18(12), 1044—1049.
https://doi.org/10.1111/j.1467-9280.2007.02023.X

Lindenberg, S., & Steg, L. (2007). Normative, Gain and Hedonic Goal Frames Guiding
Environmental Behavior. Journal of Social Issues, 63(1), 117—137.
https://doi.org/10.1111/j.1540-4560.2007.00499.X

Lindenberg, S., Steg, L., Milovanovic, M., & Schipper, A. (2018). Moral hypocrisy and the
hedonic shift: A goal-framing approach. Rationality and Society, 30(4), 393—419.
https://doi.org/10.1177/1043463118795719

Lu, Z., & Pesarakli, H. (2022). Seeing is believing: Using Eye-Tracking devices in
environmental research. HERD, 16(1), 15—52.
https://doi.org/10.1177/19375867221130806

Luo, Y., & Zhao, J. (2019). Motivated Attention in Climate Change Perception and Action.
Frontiers in Psychology, 10, 1541. https://doi.org/10.3389/{psyg.2019.01541

Mathot, S. (2018). Pupillometry: psychology, physiology, and function. Journal of

Cognition, 1(1). https://doi.org/10.5334/joc.18



31

Mathdt, S., Schreij, D., & Theeuwes, J. (2012). OpenSesame: An open-source, graphical
experiment builder for the social sciences. Behavior Research Methods, 44(2), 314-
324. https://doi.org/10.3758/s13428-011-0168-7

McNamara, M. E., Hsu, K. J., McSpadden, B. A., Risom, S., Shumake, J., & Beevers, C. G.
(2023). Beyond Face Value: Assessing the Factor Structure of an Eye-Tracking Based
Attention Bias Task. Cognitive Therapy and Research, 47(5), 772—787.
https://doi.org/10.1007/s10608-023-10395-4

Meis-Harris, J., Eyssel, F., & Kashima, Y. (2021). Are you paying attention? How pro-
environmental tendencies relate to attentional processes. Journal of Environmental
Psychology, 74, 101591. https://doi.org/10.1016/j.jenvp.2021.101591

Nordfilt, J., & Ahlbom, C. (2024). Utilising eye-tracking data in retailing field research: A
practical guide. Journal of Retailing, 100(1), 148-160.
https://doi.org/10.1016/j.jretai.2024.02.005

O’Neill, S., & Nicholson-Cole, S. (2009). “Fear won’t do it.” Science Communication, 30(3),
355—379. https://doi.org/10.1177/1075547008329201

Onwezen, M. C. (2023). Goal-framing theory for sustainable food behaviour: The added
value of a moral goal frame across different contexts. Food Quality and
Preference, 105, 104758. https://doi.org/10.1016/j.foodqual.2022.104758

Parker, G. B., & Brotchie, H. L. (2012). Chocolate and Mood. In A. Conti, R. Paoletti, A. Poli,
& F. Visioli (Eds.), Chocolate and Health (pp. 147-153). Springer Milan.
https://doi.org/10.1007/978-88-470-2038-2_12

Parker, G., Parker, 1., & Brotchie, H. (2006). Mood state effects of chocolate. Journal of
Affective Disorders, 92(2—3), 149—159. https://doi.org/10.1016/j.jad.2006.02.007

Parkhurst, D. J., & Niebur, E. (2004). Texture contrast attracts overt visual attention in
natural scenes. European Journal of Neuroscience/EJN. European Journal of

Neuroscience, 19(3), 783—789. https://doi.org/10.1111/j.0953-816x.2003.03183.X



32

Parsons, T. D. (2015). Virtual reality for enhanced ecological validity and experimental
control in the clinical, affective and social neurosciences. Frontiers in Human
Neuroscience, 9. https://doi.org/10.3389/fnhum.2015.00660

Perlin, J. D., & Li, L. (2020). Why does awe have prosocial effects? New perspectives on awe
and the small self. Perspectives on Psychological Science, 15(2), 291—308.
https://doi.org/10.1177/1745691619886006

Perugini, M. (2005). Predictive models of implicit and explicit attitudes. British Journal of
Social Psychology, 44(1), 29—45. https://doi.org/10.1348/014466604x23491

Piff, P. K., Dietze, P., Feinberg, M., Stancato, D. M., & Keltner, D. (2015). Awe, the small self,
and prosocial behavior. Journal of Personality and Social Psychology, 108(6), 883—
899. https://doi.org/10.1037/pspio000018

Pinto, Y., Van Der Leij, A. R, Sligte, . G., Lamme, V. a. F., & Scholte, H. S. (2013). Bottom-
up and top-down attention are independent. Journal of Vision, 13(3),16.
https://doi.org/10.1167/13.3.16

Posner, M. 1., & Cohen Y. (1984). Components of Visual Orienting. In H. Bouma, & D. G.
Bouwhuis (Eds.), Attention and Performance (pp. 531-556). Erlbaum.

Runway Al, Inc. (2024). Runway ML [Artificial intelligence system]. https://runwayml.com

Rozin, P., Levine, E., & Stoess, C. (1991). Chocolate craving and liking. Appetite, 17(3), 199—
212, https://doi.org/10.1016/0195-6663(91)90022-K

Sawyer, S. (2009). Analysis of variance: the fundamental concepts. Journal of Manual &
Manipulative Therapy, 17(2), 27E-38E. https://doi.org/10.1179/jmt.2009.17.2.27¢

Schultz, P. W., Bator, R. J., Large, L. B., Bruni, C. M., & Tabanico, J. J. (2013). Littering in
Context: Personal and Environmental Predictors of Littering Behavior. Environment
and Behavior, 45(1), 35-59. https://doi.org/10.1177/0013916511412179

Schwartz, S. H. (1992). Universals in the Content and Structure of Values: Theoretical
Advances and Empirical Tests in 20 Countries. In Advances in Experimental Social

Psychology (Vol. 25, pp. 1—65). https://doi.org/10.1016/S0065-2601(08)60281-6



33

Schwartz, S. H., & Bilsky, W. (1987). Toward a universal psychological structure of human
values. Journal of Personality and Social Psychology, 53(3), 550—
562. https://doi.org/10.1037/0022-3514.53.3.550

Schwartz, S. H., Cieciuch, J., Vecchione, M., Davidov, E., Fischer, R., Beierlein, C., Ramos,
A., Verkasalo, M., Lonngvist, J.-E., Demirutku, K., Dirilen-Gumus, O., & Konty, M.
(2012). Refining the theory of basic individual values. Journal of Personality and
Social Psychology, 103(4), 663—688. https://doi.org/10.1037/a0029393

Shapiro, S. S., & Wilk, M. B. (1965). An analysis of variance test for normality (complete
samples). Biometrika, 52(3—4), 591—611. https://doi.org/10.1093/biomet/52.3-4.591

Soleymani, A., Ivanov, Y., Mathot, S., & De Jong, P. J. (2020). Free-viewing multi-stimulus
eye tracking task to index attention bias for alcohol versus soda cues: Satisfactory
reliability and criterion validity. Addictive Behaviors, 100, 106117.
https://doi.org/10.1016/j.addbeh.2019.106117

Sollberger, S., Bernauer, T., & Ehlert, U. (2017). Predictors of visual attention to climate
change images: An eye-tracking study. Journal of Environmental Psychology, 51,
46—56. https://doi.org/10.1016/j.jenvp.2017.03.001

Sorqvist, P. (2016). Grand Challenges in Environmental Psychology. Frontiers in
Psychology, 7. https://doi.org/10.3389/{psyg.2016.00583

Steg, L., Bolderdijk, J. W., Keizer, K., & Perlaviciute, G. (2014). An Integrated Framework for
Encouraging Pro-environmental Behaviour: The role of values, situational factors
and goals. Journal of Environmental Psychology, 38, 104—115.
https://doi.org/10.1016/j.jenvp.2014.01.002

Steg, L., & De Groot, J. I. M. (2012). Environmental values. In Oxford University Press
eBooks (pp. 81—92). https://doi.org/10.1093/oxfordhb/9780199733026.013.0005

Steg, L., Perlaviciute, G., Van Der Werff, E., & Lurvink, J. (2014). The Significance of
Hedonic Values for Environmentally Relevant Attitudes, Preferences, and Actions.

Environment and Behavior, 46(2), 163—192.

https://doi.org/10.1177/0013916512454730



34

Steg, L., & Vlek, C. (2009). Encouraging pro-environmental behaviour: An integrative review
and research agenda. Journal of Environmental Psychology, 29(3), 309-317.
https://doi.org/10.1016/j.jenvp.2008.10.004

Suri, G., & Gross, J. J. (2015). The role of attention in motivated behavior. Journal of
Experimental Psychology: General, 144(4), 864 -872.
https://doi.org/10.1037/xge0000088

Suslow, T., HuBlack, A., Kersting, A., & Bodenschatz, C. M. (2020). Attentional biases to
emotional information in clinical depression: A systematic and meta-analytic review
of eye tracking findings. Journal of Affective Disorders, 274, 632—642.
https://doi.org/10.1016/j.jad.2020.05.140

Tabachnick, B. G., & Fidell, L. S. (2014). Using multivariate statistics. Pearson.

Thegersen, J., & Alfinito, S. (2020). Goal activation for sustainable consumer choices: A
comparative study of Denmark and Brazil. Journal of Consumer Behaviour, 19(6),
556—569. https://doi.org/10.1002/cb.1824

Todd, R. M., Cunningham, W. A., Anderson, A. K., & Thompson, E. (2012). Affect-biased
attention as emotion regulation. Trends in Cognitive Sciences, 16(7), 365—372.
https://doi.org/10.1016/j.tics.2012.06.003

Ulrich, R. S. (1983). Aesthetic and Affective Response to Natural Environment. In I. Altman
& J. F. Wohlwill (Eds.), Behavior and the Natural Environment (pp. 85—125).
Springer US. https://doi.org/10.1007/978-1-4613-3539-9_4

Vogt, J., De Houwer, J., & Crombez, G. (2011). Multiple goal management starts with
attention. Experimental Psychology, 58(1), 55—61. https://doi.org/10.1027/1618-
3169/a000066

Vogt, J., De Houwer, J., Moors, A., Van Damme, S., & Crombez, G. (2010). The automatic
orienting of attention to goal-relevant stimuli. Acta Psychologica, 134(1), 61—

69. https://doi.org/10.1016/j.actpsy.2009.12.006



35

Wansink, B., Cheney, M., & Chan, N. (2003). Exploring comfort food preferences across age
and gender1. Physiology & Behavior, 79(4—5), 739—747.
https://doi.org/10.1016/S0031-9384(03)00203-8

Winter, D. N. D., & Koger, S. M. (2004). The psychology of environmental problems (2nd

ed.). Lawrence Erlbaum Associates Publishers.



Appendix A
Manipulation Material

Figure A1

Pictures and Instructions Used for the Hedonic, Normative, and Neutral Manipulation

Remember, the most important thing is
i !
Hedonic that you are having fun!
After you are done with the experiment

you will receive a cookie as a reward!

Remember, the most important thing is
that you are adhering to the rules!
Normative While you are looking at the pictures

the researcher can watch your behavior

via the eye-tracking camera.

Neutral -
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Appendix B
Manipulation Check Responses
This appendix consists of the full responses to the question about the participant’s feelings
towards the study after the manipulation procedure. The responses are sorted based on the
experimental group: hedonic, normative, and neutral. The responses are reported verbatim.
Participants’ Responses in the Hedonic Condition:

e "I feel curious"”

e "I'm curious for the pictures and feeling good"

e 'pretty good, relaxed, dont really know what to expect"

e it seems really fun and relaxing."

e "fine"

e "Excited because it sounds fun and easy"

e "quite okay"

e "good"

¢ "im excited to see the photos, since i love the nature"

e '"curious"

e "I feel great"

e "I feel fine and relaxed."

e 'relaxed, comfortable, a little bit hungry"

e "I feel excited to know that my eye movement and pupil size is being recorded
according to the picture I am looking at"

e "I am quite enjoying this epxeriemnt. I like tryingf new things and this is somethinf
ive necer done. I also enjoy how this study is investigating somthing that is not so
traumatizing and it is more fun and relaxed"

e "abit indifferent, it's a pretty relaxing experiment"

¢ "im feeling good. i have done a similar experiment before so i am not nervous or

anything"
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"happy about cookie"

"Im excited"

“A bit stressed that I won t look at it naturally”

"Im curious about what Im going to see and since ive never done eye tracking before,
Im also looking forward to the experience."

"Good"

"good"

"excited for the cookie"

"1 am excited"

Participants’ Responses in the Normative Condition:

"i feel relaxed"

"I feel fine. I am wondering about the experiment. I hope I can watch naturally, as
expected.”

"Im very curious. I think/hope it will be relaxing"

"i am curious about the pictures"

"i am curious about it because i never thought about the relation between natural
landscapes an pupil dialation before but it seems interesting."

"Intrigued as to the information gained from undergoing this experiment"

"I like nature so I dont have any complaints"

"I feel fine"

"I am curious what pictures I will see."

"curious, interested by the eye tracker"

"I feel quite excited"

"I feel pretty normal, i am curious what the pictures of nature will entail"

"I am a little bit scared for how my head is going to feel after this because of the eye
tracker, and also that it will leave marks on my head, but otherwise I feel fine about

it, and am interested in what I will have to do."
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"exited since I like nature"

"excited"

"I dont have any concrete feelings in regards to this experiment, so I guess I would
say neutral."

"Curious and excited, I love nature"

"I feel fine about it, no major concerns, just need to follow the procedure as it goes"

"1 feel fine and i am curious"

Participants’ Responses in the Neutral Condition:

"I am pretty relaxed. A bit tired right now but also excited for this study."

"excited. Never done an eye-tracking experiment before so I think it is exciting"

"i think it will be quite fun compared to other sona experiments ive done"

"i am looking forward to see some pictures about nature"

"it is kind of wierd to have my head resting on this thing, but i think it is interesting
so far"

"good it sounds interesting and a bit relaxing"

"I feel curious about how the experiment will be, and what pictures will be shown."
"i feel fine."

"relaxed and excited to begin"

"curious,open-minded, relaxed"

"i feel well rested but a little hungry"

"I feel relaxed and curious about what type of pictures will appear."”

"i feel good, relaxed and comfortable"

"great"

"excited, Thave never used an eyetracker before"

"Quite positive, im feeling good and like to look at nature."
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Appendix C
Stimuli Pictures
Figure C1

List of the Pictures Used in the Experiment with their Numerical Identifiers

Picture 1 Picture 2 Picture 3

Picture 5 Picture 6

Picture 7 Picture 8 Picture 9
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Picture 11

Picture 13 Picture 14 Picture 15

Picture 16 Picture 17 Picture 18

Picture 19 Picture 20 Picture 21
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Picture 22 Picture 23 Picture 24

Picture 25

Figure C2

Example of Stimulus Picture with Aesthetic and Litter AOIs

Note. The red outinng marks the litter AOQ], and the yellow outlining marks the three
aesthetic AOIs. The sum of the three aesthetic AOIs was used as the total dwell time on

aesthetic aspects of the pictures.



