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ABSTRACT

The human population is forecast to increase by 3-4 billion people during this century and
many scientists have expressed concerns that this could increase the likelihood of certain
adverse events (e.g., climate change, resource shortages). Recent research shows that these
concerns are mirrored in public risk perceptions and that these perceptions correlate with a
willingness to adopt mitigation behaviors (e.g., reduce resource consumption) and preventative
actions (e.g., support actions to limit growth). However, little research has assessed the factors
that influence risk perceptions of global population growth (GPG). To contribute to this
important goal, this paper presents three studies that examined how risk perceptions of GPG
might be influenced by textual-visual representations (like those in media and internet articles)
of the potential effects of GPG. Study 1 found that a textual-narrative which highlighted the
potential negative (cf. positive) consequences of GPG led to higher perceived risk and greater
willingness to adopt mitigation behaviors, but not to support preventative actions. Notably, the
influence of the narratives on perceived risk was largely moderated by the participant’s prior
knowledge and perceptions of GPG. Contrary to expectations, Studies 2 and 3 revealed,
respectively, that photographs depicting GPG-related imagery and graphs depicting GPG rates
had no significant effect on the perceived risk of GPG or the willingness to embrace mitigation
or preventative actions. However, Study 3 found that individuals with higher ‘graph literacy’
perceived GPG as a higher risk and were more willing to adopt mitigation behaviors and

support preventative actions.
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1. INTRODUCTION

The global human population has now reached 7.5 billion and is forecast to exceed 11
billion before the year 2100.Y Based on theory, statistical projections and empirical evidence,
many scholars and commentators have expressed concerns that this global population growth
(GPG) will lead to increased pressures on global resources, the natural environment and
socioeconomic systems and, therefore, will increase the likelihood of a range of adverse events
such as climate change, geopolitical instabilities, species extinctions and loss of ecosystems.®
% An inference that can be drawn from these concerns is that GPG is likely to make it much
harder for humanity to achieve high-level aspirations, such as ending poverty and achieving
economic prosperity for all while protecting the natural environment.*9) Several scholars and
commentators have argued that the likelihood of achieving sustainable development aspirations
will be increased if concerted efforts are made by individuals, organizations and governments
to effectively manage the impacts of the GPG that is forecast to take place during this
century.®11-14)

Recent research shows that the concerns held by academics and commentators about
GPG are mirrored in public risk perceptions. Specifically, GPG is perceived as a moderate-to-
high risk event and these risk perceptions positively correlated with a willingness to adopt
mitigation behaviors (e.g., reduce resource consumption) and preventative actions (e.g.,
support action to further slow population growth).> Hence, an awareness of GPG and the way
that it may influence the likelihood of adverse events represents one mechanism that could
motivate important behavioral changes in the coming years and decades. However, there is
little empirical evidence to show what influences individual’s risk perceptions of GPG.

As demonstrated by the extensive body of evidence in the field of risk communication
research, risk perceptions and risk behaviors are often significantly influenced by the

information that individuals receive about the risks and benefits associated with particular



objects, behaviors or events.*51® For example, in the 1990’s inaccurate media reports about
the risk of thromboembolism from taking the contraceptive pill led thousands of British women
to stop taking the pill and resulted in a wave of unwanted pregnancies.® Similarly, risk
perceptions of climate change have been found to vary based on the way that the related
scientific data is presented and described.?%?? Hence, evidence from risk communication
research points towards the potential for relationships between the information that individuals
receive about GPG, their level of concern about its potential effects and their willingness to
adopt and to support mitigation actions. While general levels of public concern about GPG
have been found to correlate with the quantity of media articles about GPG,® there remains a
dearth of research that has assessed the extent to which the different content in GPG articles
influences perceived risk.
1.1. The Communication of Global Population Growth

Information about GPG is now readily available to the public through various mediums
such as magazines, books, newspaper articles and the internet. These sources typically present
a textual narrative about the potential effects of GPG and commonly use visual aids such as
photographic images to support arguments and graphs to illustrate key data such as projected
population levels throughout this century.©9:1324-28) The nature of the narratives can range from
describing GPG as a primary driver of a wide range of adverse outcomes for humanity and the
natural environment, to describing it as positive affirmation of humanity’s success and as a
provider of greater opportunities for humans to live sustainably through increased innovation,
interconnectivity and economies of scale. The photographic images that are often used in these
articles tend to depict historical or extant circumstances that are congruent with the textual
narrative. For example, an article that focuses on the professed relationship between increased
GPG, resource consumption and environmental damage might use a photographic image of a
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where huge areas of rural land have been replaced by heavy industry, solar farms, landfill sites,
etc. Conversely, a narrative that argues for the benefits of GPG might feature photographic
images depicting people interacting harmoniously, engaging in sustainable practices or sharing
the joy of child birth,(for examples, see 26 and 29) Loy these three commonly used communication
formats (text, photos and graphs) might each have an influence on the perceived risk of GPG
are, therefore, worthy of further consideration.
1.1.1. Risk Communication and Textual Narratives

Risk communications often feature numerical data regarding the probability of specific
adverse outcomes.®? However, in the absence of quantified probabilities, risk communicators
often rely on a narrative that independently conveys qualitative information about risk
magnitudes.®-33 Within these latter narrative forms, forecasters often use reasons, evidence or
logic to support their likelihood assessment and research shows that such narratives can
significantly influence the recipient’s level of perceived risk in a variety of contexts (e.g., health,
terrorism, nanotechnology, etc.).G%%%) More specifically, evidence suggest that risk
perceptions increase when narratives (a) focus mainly on adverse outcomes, even when the
narratives are not intended to elicit affective reactions,®® and (b) contain information about the
presence of adversity rather than information about its absence.®7-*®) Furthermore, risk
perceptions have also been found to decrease in response to narratives that focus solely on the
benefits of a particular entity.“%1) Hence, it would seem reasonable to assume that narratives
which use arguments and evidence to convey the view that GPG predominantly increases
(decreases) the likelihood of specific adverse outcomes would cause the recipient’s risk
perceptions to increase (decrease). However, this assumption is worthy of empirical
examination given that there is also some evidence which shows that narratives about risk-
related issues are not always effective at influencing perceptions and behaviors.?#?4)

Examining the influence of GPG narratives on risk perceptions and behaviors is also important



because scholars have often asserted that narratives are a vital factor in influencing and
polarizing perceptions of GPG, (3P4 45p-1591) yet this assertion has not been subject to empirical
assessment.
1.1.2. Risk Communication and Photographic Imagery

Several studies have highlighted the important role that affect plays in risk
perceptions.“®-49) Specifically, the affective/emotional states that individuals experience or
associate with a particular hazard can act as distinct psychological cues regarding the
magnitude of the threat posed by the hazard.®® Research shows that photographic imagery
depicting adverse outcomes can elicit negative affective reactions and, thus, increase perceived
risk. For example, Keller, Siegrist and Gutscher (2006) found that photographs of a house
submerged in water elicited negative affective reactions and higher risk perceptions for
flooding.®Y Similarly, Hammond et al. (2004) found that smokers who viewed vivid
photographic warning labels on cigarette packets experienced negative affective responses and,
subsequently, were more likely to have quit, attempted to quit or reduced smoking three months
later.®? Thus, communications about GPG that include photographic images depicting
negative outcomes or events (e.g., human destruction of natural environments, severe
overcrowding in public places, etc.) may also increase the perceived risk of the growing human
population and could motivate greater willingness to engage in risk management behaviors.
1.1.3. Risk Communication and Graphs

Studies show that graphical displays such as bar charts, line plots and icon arrays can
be effective formats for communicating risk-related information in a range of different domains
(e.q., health, safety, finance, etc.) and are often capable of influencing perceived risk and the
willingness to adopt risk reduction measures. 30535 For example, Stone et al. (2017) found
that bar charts depicting the risk of exposure to unexploded ammunition during land excavation
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found that icon arrays helped individuals to understand that the combined use of alcohol and
tobacco resulted in a synergistic risk of developing esophageal cancer.®” Moreover,
researchers have also identified that individual differences can exist in graph literacy (i.e., the
ability to understand graphically presented information) and that this can influence perceptions
and decisions concerning risk.®859 Hence, the extant literature points towards the possibility
that the graphical displays used in communications about GPG may have the potential to
influence perceived risk and the willingness to mitigate the effects of GPG. More specifically,
levels of perceived risk may be influenced by graphs that display different projected levels of
GPG, with higher (lower) levels of GPG depicted in the graph resulting in higher (lower) levels
of perceived risk. In addition, the literature also indicates that these influences might be
influenced by an individual’s level of graph literacy.
1.2. The Present Research

There is currently no clear consensus in the academic literature as to whether strategies
to (a) limit GPG or (b) encourage mitigation behaviors, might prove to be the most effective
approach for reducing the likelihood of the adverse events that may be influenced or
exacerbated by GPG.®% However, both approaches imply that people, individually or
collectively, must be motivated to pursue these courses of action if the challenges of GPG are
to be managed effectively. As illustrated in recent research, higher risk perceptions of GPG are
positively correlated with the willingness to support GPG limiting actions and to adopt
mitigation behaviors. Hence, there is a clear need to understand what might increase the
perceived risk of GPG and, therefore, could motivate risk management actions that may prove
to be highly valuable during this century. Unfortunately, there is a dearth of research that has
examined the extent to which the information formats that are commonly used in
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perceived risk. The present three studies were conducted to address this knowledge gap and,
respectively, to test the following three hypotheses:
Narrative Hypothesis: A narrative that highlights potential adverse (cf. beneficial)
consequences of GPG will lead to a higher perceived risk of GPG.
Photographic Imagery Hypothesis: Images that highlight adverse (cf. beneficial)
aspects of humanity’s impact on the world will lead to a higher perceived risk of GPG.
Graphical Displays Hypothesis: Graphs depicting higher (cf. lower) levels of projected

GPG will lead to a higher perceived risk of GPG.

2. METHOD & RESULTS
2.1. Study One
2.1.1. Participants

A sample of 152 participants was recruited via Amazon.com's Mechanical Turk and
each participant was paid $1.50.6162 An “instructional manipulation check” (IMC) was used
to identify inattentive participants.®® One participant was excluded for failing the IMC, which
left a final sample of 151 participants (68 women, 83 men). The final sample’s mean age was
34.99 (SD = 11.33), all participants were U.S. residents and 83 were educated to degree level
or higher. One-hundred-and-nineteen participants were white, twelve were black or African
American, nine Asian, eight Hispanic, one Latino and two were of mixed background.
2.1.2. Measures and Procedure

The study was administered online and each participant read the following opening
statement: ‘There are currently over 7 billion people in the world and the population is growing
by approximately 70 million people each year. This means that by the year 2045 there will be
more than 9 billion people in the world. Research shows that global population growth presents
several significant changes for humanity.” So that participants would not be unduly influenced

to perceive GPG positively or negatively at this stage, this opening statement referred only to



extant data and evidence-based projections and did not refer to any potential risks or benefits
associated with GPG. As a between-subjects factor, participants were randomly assigned to
read either no additional information (control group; n = 50), a 196-word statement describing
the potential adverse effects of GPG (risk narrative group; n = 50) or a 196-word statement
describing the potential positive effectives of GPG (benefits narrative group; n = 51) (see
Appendix for both statements). The risks narrative and the benefits narrative were, respectively,
based on the reasons, evidence and logic that is commonly used in written articles about the
negative and positive effects of GPG, (for examples see 25.27.29.64) g hoth statements highlighted the
effects of GPG in the same domains (e.g., economic, environmental, etc.).

To measure perceived risk, participants were asked to use an 11-point scale (0 =
strongly disagree; 10 = strongly agree [the other numbers on scale were not labelled]) to
indicate their agreement with nine statements based on statements used by Dawson and
Johnson.®®) The statements referred to the degree to which the participants were concerned that
during this century GPG will increase (i) the rate of climate change, (ii) water and food
shortages, (iii) energy shortages, (iv) plant and animal extinctions, (v) ecosystem damage, (Vi)
the number of people killed in man-made and natural disasters, (vii) the number of violent
conflicts in the world, (viii) global economic decline and (ix) the risk to humanity. To measure
willingness to employ mitigation behaviors and support preventative actions, participants used
the same 11-point scale to indicate their agreement with seven statements based on those used
by Dawson and Johnson.*® The four statements used to measure willingness to employ
mitigation behaviors asked participants how willing they were to reduce (i) water and food
consumption, (ii) travel less using fossil fuels powered transport, (iii) consumption of material
good, and (iv) usage of goods/services that are unfriendly to the environment. The three
statements used to assess willingness to support preventative actions asked participants to state

how willing they were to (i) pay more taxes to fund government projects aimed at reducing



GPG, (ii) vote for a political party that wanted to spend more public money on reducing GPG,
and (iii) donate money to a charity that works to reduce GPG. These measures of perceived
risk and willingness to practice/support certain behaviors were used because they had
demonstrated strong discriminant validity in Dawson and Johnson’s study. Specifically, the
measures had detected significant differences in the perceived risk and willingness to
practice/support certain behaviors between different socio-demographic groups and between
those who held different affective reactions to GPG.

Participants were also asked to use an 11-point scale (0 = strongly disagree; 10 =
strongly agree) to indicate the extent to which they agreed that the content of the piece of text
that they had just read about GPG was consistent with the knowledge and views that they had
about GPG before participating in the study (item referred to hereafter as ‘narrative
consistency’). This question was asked to facilitate a subsequent evaluation of the extent to
which prior knowledge and views about GPG might moderate the effect of GPG narratives on
perceived risk.

2.1.3. Results

There were no significant differences in the mean age (F[2, 148] = 0.69, p = 0.50) or
the proportion of participants from each gender or education level (X2 < 3.60, df = 2, p >0.17)
between the control, risk narrative and benefits narrative conditions.

The nine items used to measure perceived risk were combined to form one scale labeled
“overall perceived risk” (Cronbach’s a = 0.94). The scale mean was 6.51 (SD = 2.17) indicating
that the whole sample perceived GPG as a moderate-to-high risk event. The four items used to
measure willingness to employ mitigation behaviors were combined into one scale labeled
“mitigation behaviors” (Cronbach’s « = 0.88) and this had an overall mean of 5.98 (SD = 2.38).
The three items used to measure willingness to support preventative actions were combined

into a scale labeled “preventative control” (Cronbach’s a = 0.86) and this had an overall mean
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of 4.2 (SD = 2.68). Hence, the scales demonstrated high reliability and the mean for overall
perceived risk demonstrated some consistency with the mean obtained in Dawson and
Johnson’s study of U.K. residents (see Table Il in the Appendix for mean and median scores
on each measure for each condition).®

An ANOVA identified that overall perceived risk was significantly different between
the three narrative groups, F(2, 148) = 3.07, p = 0.049. A planned contrast showed that the
overall perceived risk for participants in the risk narrative group (M = 7.12; SD = 1.85) was
significantly higher, t(148) = 2.48, p = 0.014, than for participants in the control group (M =
6.22; SD = 2.13) and in the benefits narrative group (M = 6.19; SD = 2.41). Thus, the Narrative
Hypothesis was supported. Notably, there was no significant difference, t(99) = 0.07, p = 0.946,
between the overall perceived risk in the control group and the benefits narrative groups.

A second ANOVA identified that mitigation behavior was also significantly different
between the three narrative groups, F(2, 148) = 5.04, p = 0.008. A planned contrast showed
that the mitigation behavior for participants in the risk narrative group (M = 6.84; SD = 2.06)
was significantly higher, t(148) = 3.17, p = 0.002, than for participants in the control group (M
=5.52; SD = 2.4) and in the benefits narrative group (M = 5.60; SD = 2.49). However, a third
ANOVA found that preventative control did not differ significantly, F(2, 148) = 1.36, p = 0.261,
between the control group (M = 3.86; SD = 2.9), the risk narrative group (M = 4.7; SD = 2.62)
and the benefits narrative group (M = 4.05; SD = 2.51).

Mean ratings for narrative consistency were 6.70 (SD = 2.21) in the control group, 6.28
(SD = 2.28) in the risk narrative group and 2.88 (SD = 2.67) in the benefits narrative group. An
ANOVA revealed a significant difference, F(2, 148) = 34.74, p < 0.001, for narrative
consistency between the three groups. A Tukey’s post hoc test showed that there was no
significant difference between narrative consistency in the control group and risk group, p =

0.685, but narrative consistency in the benefits narrative group was significantly different from
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both the control group and risk narrative group, ps < 0.001. To assess whether narrative
consistency moderated the identified relationship between perceived risk and GPG narratives,
a moderation analysis was performed using the SPSS macro PROCESS (the control group data
was excluded from this analysis due to the absence of a difference in narrative consistency
between this group and the risk narrative group).® This analysis identified a significant
interaction effect (narrative x consistency), b = -0.829, 95%CI [-1.194,-0.463], t = -4.502, p <
0.001, but no significant independent effects for narrative, b = -0.768, 95%CI [-1.929, 0.393],
t =-1.313, p = 0.192, or consistency, b = 0.040, 95%CI [-0.143, 0.223], t = 0.437, p = 0.663,
were evident in this model. With respects to the interaction, the analysis showed that when
narrative consistency was low, perceived risk was significantly lower in the risk (cf. benefits)
narrative group (b = 1.851, 95%CI [0.262, 3.440], t = 2.312, p = 0.023). When narrative
consistency was at the mean there was no significant difference in perceived risk between the
two narrative groups (b = -0.768, 95%CI [-1.929, 0.393], t =-1.313, p = 0.192). When narrative
consistency was high, perceived risk was significantly higher in the risk (cf. benefit) narrative
group (b =-3.387, 95%CI [-5.072, -1.702], t =-3.990, p < 0.001. In other words, a participant’s
prior perceptions of GPG influenced the extent to which the narrative affected his/her risk
perceptions. Specifically, the highest (lowest) level of perceived risk, M =7.79 (M = 4.40), was
amongst participants in the risk (benefits) narrative group who specifically reported that the
narrative was highly consistent with his/her prior perceptions of the effects of GPG.
2.1.4. Discussion

The results of Study 1 showed that narratives which focus on the potential adverse
effects of GPG can raise risk perceptions and increase the willingness to engage in related
mitigation behaviors, but not the willingness to support preventative actions. These findings
suggest that narratives do play a critical role in influencing people’s perceptions of GPG and,

if concerns about the adverse effects of GPG are warranted, could be critical in motivating
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important mitigation behaviors. This insight seems particularly noteworthy given that, unlike
typical GPG communications, the risk narrative in Study 1 was very limited in content (i.e.,
only 196 words) but still significantly increased perceived risk and the willingness to adopt
mitigation actions. Furthermore, unlike some other studies which have shown that risk
perceptions are often attenuated by information about benefits, %4V risk perceptions among the
participants in the benefits narrative group did not differ from risk perceptions in the control
group. One explanation for this may be that the benefits narrative generally lacked consistency
with a priori beliefs about GPG (as reflected in the low ‘narrative consistency’ score in the
benefits group) and, therefore, this line of reasoning and argument lacked sufficient credibility
and plausibility to have a significant effect on perceptions.

The results of Study 1 raise two further important points. First, while the risk narrative
increased the participant’s willingness to adopt mitigation behaviors it did not increase
willingness to support preventative actions. A possible explanation for this finding is that
preventative actions may involve restricting other people’s opportunity to have children and,
more generally, implicitly suggest that future human lives will inevitably generate problems.
Therefore, such approaches may elicit some degree of negative affect and have limited appeal
as ‘risk management’ strategies.® By contrast, mitigation behaviors may represent positive
solutions that contribute to important social goals (e.g., reducing carbon emissions to tackle
climate change) and imply that current and future humans can behave sustainably.®® Therefore,
such approaches might elicit more positive affect and hold greater appeal. Second, the
moderation analysis showed that risk perceptions were heavily driven by the way that the
narrative interacted with prior beliefs and, driven much less by the narrative alone. This points
towards GPG narratives being a powerful medium for influencing risk perceptions through the
‘confirmation bias’; a tendency for individuals to interpret evidence only in ways that are

consistent with existing beliefs, expectations or hypotheses.®” More specifically, the results of
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the moderation analysis suggest that specific GPG narratives can bolster existing beliefs and
views about the potential effects of GPG, in the same way that an individual’s beliefs about
any entity (e.g., other nations, professions, religions, etc.) can become reinforced and more
extreme when interacting with other people who that hold and express similar beliefs about
that entity. (6869
2.2. Study Two
2.2.1. Participants

A separate sample of 179 participants was recruited via Mechanical Turk and each
participant was paid $1.50. One participant was eliminated for failing the IMC and another for
not providing sufficient data. This left a final sample of 177 that consisted of 78 women, 98
men and one of unstated gender. The mean age was 34.32 (SD = 9.59), all participants were
U.S. residents and 105 were educated to degree level or higher. One-hundred-and-thirty-seven
participants were white, twelve were Asian, eleven black or African American, seven Hispanic,
two Latino, two Arab, one American Indian and three were of mixed background (two did not
state their ethnicity).
2.2.2. Measures and Procedure

The study was administered online and each participant read the following opening
statement: ‘There are currently over 7 billion people in the world and the population is growing
by approximately 70 million people each year. This means that by the year 2045 there will be
more than 9 billion people in the world.” As a between-subjects factor, participants were
randomly assigned to view either no images (control group; n = 59), eight photographic images
depicting negative aspects of human actions, living conditions or impacts on the environment
(negative images group; n = 59) or eight photographic images depicting positive aspects of

human actions, living conditions or impacts on the environment (positive images group; n =
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51). All images were in color and selected to represent those typically used in articles/books
on GPG. (for examples see 26,29)

The images in both the ‘positive’ and ‘negative’ groups represented the same eight
themes and both sets of images were, respectively, presented with the same eight short titles
(12 words maximum) that briefly described the theme of each image. For example, one of the
images viewed by participants in the negative images group was of the giant Mirny diamond
mine in Siberia and featured the title ‘People use the Earth’s resources’; one of the images
viewed by participants in the positive images group was of a farmer hand-picking oranges from
a tree on a sunny day and also featured the title ‘People use the Earth’s resources’ (see Figure
1). Table | provides descriptions of all eight images viewed by participants in the positive
images group and negative images group and the eight titles used across both sets of eight
images.

[Insert Table 1 about here]
[Insert Figure 1 about here]

After participants had viewed each image he/she was required to type one sentence to
describe what the image depicted. This requirement was made to ensure that participants
engaged with the content of the image rather than just glancing/clicking past it to speed up the
participation process. All eight images were presented in a random order.

Perceived risk, willingness to employ mitigation and willingness to support
preventative actions were measured using the same statements and 11-point responses scales
that were used in Study 1. Participants not in the control group were also asked to use an 11-
point scale (0 = strongly disagree; 10 = strongly agree) to indicate the extent to which they
agreed that the eight images they had viewed were consistent with the images that would come
into their mind when they thought about GPG (item referred to hereafter as ‘image

consistency’).
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2.2.3. Results

There were no significant differences in the mean age (F[2, 173] = 1.51, p = 0.22) or
the proportion of participants from each gender or education level (X? <2.21, df = 2, ps > 0.33)
between the control, negative images and positive images conditions.

As per Study 1, the relevant items were combined to form scales for “overall perceived
risk” (Cronbach’s o = 0.94; M = 6.63; SD = 2.24), “mitigation behaviors” (Cronbach’s o = 0.92;
M = 6.10; SD = 2.63) and “preventative control” (Cronbach’s a = 0.84; M = 4.71; SD = 2.67)
(see Table I11in the Appendix for mean and median scores on each measure for each condition).
An ANOVA identified that the overall perceived risk for the control group (M = 6.95; SD =
1.93), the negative images group (M = 6.43; SD = 2.49) and the positive images group (M =
6.52; SD = 2.28) did not differ significantly, F(2, 174) = 0.89, p = 0.411. Hence, the
Photographic Imagery Hypothesis was rejected.

A second ANOVA also showed that the willingness to adopt mitigation behaviors in
the control group (M = 6.42; SD = 2.28), the negative images group (M =6.11; SD = 2.75) and
the positive images group (M = 5.77; SD = 2.84) did not differ significantly, F(2, 174) = 0.91,
p = 0.405. Similarly, a third ANOVA identified that the willingness to support preventative
control in the control group (M = 5.08; SD = 2.50), the negative images group (M = 4.51; SD
= 2.77) and the positive images group (M = 4.52; SD = 2.75) did not differ significantly, F(2,
173) =0.88, p=0.413. However, a t-test revealed that image consistency in the negative images
group (M = 6.68; SD = 2.41) was significantly higher, t(113) = 4.31, p < 0.001, than in the
positive images group (M = 4.62; SD = 2.74).}

2.2.4. Discussion

The ‘negative’ images shown to participants in Study 2 had no significant effect on the

perceived risk of GPG. This result may appear somewhat surprising given that such images are

commonly used to support the risk narratives that are employed in articles and commentaries
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that highlight the potential adverse effects of GPG. It is also surprising because participants in
Study 2 considered the ‘negative’ images to be significantly more representative of the imagery
that they associate with GPG. Thus, one might have expected, as may have been observed in
the risk-narrative condition in Study 1, that the negative images would have elicited a
confirmation bias that bolstered extant beliefs about GPG being a cause of future adverse
outcomes.

One potential explanation why the negative images in Study 2 did not influence the
perceived risk of GPG could be because of the inability of photographic images to depict actual
future events. That is, authentic photographic images can only ever depict current or past
circumstances or, with a supporting narrative, be presented as a likeliness of what future events
may hold. Many individuals may consider these photographic depictions to be representative
of comfortable, tolerable or historical circumstances. Thus, in isolation, such images appear to
be a less effective medium for convincingly conveying the potential future adverse impacts of
GPG and, therefore, may not elicit higher levels of perceived risk. By contrast, risk narratives
can depict alternative futures (albeit hypothetical ones) and, more specifically, focus on
developing rationales and reasons to convince individuals that continued GPG will present
greater levels of risk and adversity than have previously been or are currently being
experienced. This explanation for the results from Study 2 seems particularly plausible when
it is considered that risk perceptions are evaluations of and responses to potential future adverse
events.(®

Another point worthy of consideration is that the positive images typically used in
articles/books on GPG tend to feature far less people than the negative images. Arguably,
images that only feature a small number of people do not necessarily offer an accurate portrayal
of a future in which both extensive GPG could have occurred and the general standard of living

could have improved. That is, one might expect positive GPG images to feature both a large
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number of people and evidence of successful adaptations (e.g., a densely populated urban area
that is well designed and landscaped, with attractive vegetation, modern facilities, clean
environment, etc.). Hence, it is possible that the risk perceptions of participants in Study 2 were
not attenuated by the positive images (which represent those typically used in articles/books)
because the images were not consistent with their own perceptions of what the positive future
effects of GPG might be.
2.3. Study Three
2.3.1. Participants

A separate sample of 202 participants was recruited via Mechanical Turk and each
participant was paid $1.50. No participants failed the IMC. The sample consisted of 82 women,
120 men, with a mean age of 34.29 (SD = 10.02). All participants were U.S. residents and 125
were educated to degree level or higher. One-hundred-and-sixty-three participants were white,
fourteen were Asian, seven Hispanic, six black or African American, three Latino, and six were
of mixed background (three did not state).
2.3.2. Measures and Procedure

The study was administered online and each participant was randomly allocated to one
of four conditions (low; medium; high; all). Participants saw one of four line graphs that each
depicted population growth data from the year 1800 to the year 2100. The line-data in all four
graphs was identical from the year 1800 to 2012 (based on historical data published by the
United States Census Bureau), but varied from 2012 onwards depending on the condition.("?
In the low, medium and high conditions the line-data from 2012 onwards depicted, respectively,
only low, median or high GPG projections. In the all condition, the line-data from 2012
onwards depicted the low, median and high GPG projections (all line-data from 2012 onwards
was based on population projections published by the United Nations Population Division

(UNPD) in 2013).02 Essentially, the all condition was included as a control condition against
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which the influence of the other three graphs could be assessed. The lines in the graphs were
not presented in the colors red or green because these colors can be interpreted as
negative/danger and positive/safety respectively and, therefore, could have influenced
perceived risk.(">™ Also, the y-axis on the graphs started at zero to provide a neutral reference
point that can aid graph comprehension.®® Figure 2 shows an example of the graph used in the
all condition.

[Insert Figure 2 about here]

The graphs were preceded by a brief statement that, in the low condition, stated ‘The
graph below shows how the global human population has changed over time and how it is
projected to change in the future. The estimate for the future is based on each woman having,
on average, a relatively low number of children. The graph has been compiled using data
published by the US Census Bureau and the United Nations Population Division.” The second
sentence in the statement was adapted slightly for each condition: participants in the medium
and high conditions read the words ‘a medium’ or ‘a relatively high’, respectively, instead of
‘arelatively low’. Participants in the all condition read a different second sentence: ‘The graph
shows three different estimates (low, medium, high) for the future based on differences in the
average number of children that each woman might have.’

To ensure participants engaged with the content of the graph and processed the depicted
data, they were each asked to answer five simple questions about the graph (e.g., ‘To the nearest
billion, what was the population of the world in 1825?”). However, to obtain a formal measure
of the participant’s ability to understand graphically presented information, participants were
also asked to complete the established Graph Literacy Scale (GLS) developed by Galesic and
Garcia-Retamero.®® The GLS measures the extent to which individuals are capable of

understanding graphical data, extracting relevant information from graphs and making
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inferences beyond the data depicted in graphs; hence, the GLS facilitated a measure of any
relationship between graph literacy and the perceived risk of GPG.

Perceived risk, willingness to employ mitigation behaviors and willingness to support
preventative actions were measured as per Studies 1 and 2. Participants were also asked to use
an 11-point scale (0 = strongly disagree; 10 = strongly agree) to indicate the extent to which
they agreed that the data in the graph they had viewed was consistent with their knowledge
about global population growth before taking this survey (item referred to hereafter as ‘graph
consistency’).

2.3.3. Results

There were no significant differences in the mean age (F[3, 198] = 2.36, p = 0.07), or
the proportion of participants from each gender or education level (X? < 6.68, df = 3, p > 0.08)
between the low, medium, high and all variant conditions.

Again, the individual item scores were combined to form scales for “overall perceived
risk” (Cronbach’s @ =0.93; M =7.09; SD = 1.93), “mitigation behaviors” (Cronbach’s a = 0.86;
M = 6.24; SD = 2.02) and “preventative control” (Cronbach’s a = 0.88; M = 4.80; SD = 2.50)
(see Table IV in the Appendix for mean and median scores on each measure for each condition
and for each graph literacy group). As anticipated, nearly all participants (93%) correctly
answered at least four of the five questions designed to promote engagement with the content
of the graph (Md =5; M = 4.57; SD = 0.63). By contrast, the thirteen items in the GLS more
effectively discriminated between the differences in the participant’s ability to understand,
utilize and make inferences from graphical data (Md = 11; M = 10.70; SD = 1.54). Hence,
participants were split into two groups (lower or higher graph literacy) based on the median
GLS score: 38.1% (n = 77) of participants with 10 items or less correct were classified as less

graph literate, and 61.9% (n = 125) of participants with 11 items or more correct were classified
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as more graph literate. As observed here, it is common to obtain a skewed distribution of scores
on the GLS where the observed median score is higher than the scale’s mid-score. 7>

An ANOVA showed that overall perceived risk for the low variant group (M = 7.03;
SD = 2.10), medium variant group (M =6.99; SD = 1.74), high variant group (M = 7.08; SD =
1.89) and all variants group (M = 7.11; SD = 2.02) did not differ significantly, F(3, 198) = 0.04,
p = 0.991. Similarly, further ANOVAs showed that: willingness to adopt mitigation behaviors
in the low variant group (M = 6.31; SD = 2.16), the medium variant group (M = 6.25; SD =
1.81), the high variant group (M = 6.04; SD = 2.17) and all variants group (M = 6.37; SD =
1.99) did not differ significantly, F(3, 198) = 0.25, p = 0.864; willingness to support
preventative control in the low variant group (M = 5.13; SD = 2.48), the medium variant group
(M =4.47; SD = 2.61), the high variant group (M = 4.65; SD = 2.37) and all variants group (M
= 4.96; SD = 2.58) did not differ significantly, F(3, 198) = 0.72, p = 0.544; there was also no
significant difference, F(3, 198) = 1.46, p = 0.228, in graph consistency between the low variant
(M =5.46; SD = 2.58), medium variant (M = 5.77; SD = 2.29), high variant (M = 5.82; SD =
2.27) and all variants (M = 6.40; SD = 2.20) conditions. Hence, the Graphical Displays
Hypothesis was rejected.

Three ANOVAs were then performed to determine whether overall perceived risk,
willingness to employ mitigation behaviors and willingness to support preventative actions
varied, respectively, depending upon the graph condition (low, medium, high) and the
participant’s level of graph literacy (less, more). The ‘all condition” was excluded from this
analysis on the basis that it could be confounded with the separate effects of each GPG variant
on the measures of risk perception and behavior. The first ANOVA identified that perceived
risk was significantly higher, F(1, 146) = 11.04, p = 0.001, in the more graph literate group (M
= 7.45; SD = 1.58) than the less graph literate group (M = 6.45; SD = 2.16), but that there was

no main effect for graph condition, F(2, 146) = 0.19, p = 0.831, and no interaction between
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graph condition and graph literacy, F(2, 146) = 0.35, p = 0.709. The second ANOVA showed
that willingness to employ mitigation behaviors was significantly higher, F(1, 146) =5.70, p =
0.018, in the more graph literate group (M = 6.52; SD = 1.76) than the less graph literate group
(M =5.75; SD = 2.32), but that there was no main effect for graph condition, F(2, 146) = 0.16,
p = 0.853, and no interaction between graph condition and graph literacy, F(2, 146) = 2.51, p
= 0.085. Similarly, the third ANOVA found that willingness to support preventative actions
was significantly higher, F(1, 146) = 5.28, p = 0.023, in the more graph literate group (M =
5.14; SD = 2.41) than the less graph literate group (M = 4.19; SD = 2.50), but that there was no
main effect for graph condition, F(2, 146) = 0.45, p = 0.638, and no interaction between graph
condition and graph literacy, F(2, 146) = 0.41, p = 0.664.2
2.3.4. Discussion

The findings from Study 3 showed that the graphs depicting various GPG projections
had no discernable effect on the whole sample’s perceived risk of GPG and no effect on their
willingness to manage the associated risks via mitigation behaviors or the control of population
numbers. This lack of an effect was even present when the graphs depicted high variant
projections which showed that the global human population would reach over sixteen billion
by 2100 (a further growth of nine billion people in under 90 years). The absence of an effect is
particularly surprising because scientific evidence and theoretical arguments suggest that the
probability of adverse events (e.g., global resource shortages, climate change, sudden mass
migrations) will be positively correlated with the size of the global population. Moreover, even
though perceived risk and the willingness to mitigate and prevent GPG were all higher among
the more graph literate participants, there was no effect for graph type and no interaction
between graph literacy and graph type. In other words, Study 3 shows that although higher

levels of perceived risk and willingness to mitigate and prevent GPG were evident among
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participants with more (cf. less) graph literacy, this relationship was highly generalized and did
not vary according to the population numbers depicted in the graphs.

A potential explanation for this finding could be that many individuals, irrespective of
their graph literacy skills, have little reaction to differences in the numerical information that
is represented in such graphs because the graphs alone reveal nothing about the potential
influence that large variations in human numbers could have on future living conditions.
Galesic and Garcia-Retamero suggest that individuals high in graph literacy have a greater
ability to “... read beyond the data, or make inferences and predictions from the data.”(8 445
However, the results of Study 3 suggest that, while such individuals may extract more meaning
from the population graphs per se, they do not necessarily go as far as to make inferences about
the potential different effects of large and rapid variations in future human numbers. This points
towards the possibility that, irrespective of the variant depicted in the graphs, most individuals
may develop a general ‘global impression’ of risk from the graphs and that this risk impression
is greater amongst those who are typically better at extracting meaning from such
formats.®5767") Thus, the results of Study 3 indicate that whether a graph depicts low, median
or high projected population numbers this does little to influence the perceived risk of GPG

and the willingness to mitigate or prevent its potential adverse effects.

3. GENERAL DISCUSSION

There is a lack of empirical research that has examined what influences public
perceptions of GPG and the willingness to manage its potential adverse effects by engaging in
mitigation behaviors or by restricting the extent of population growth. The research reported
here makes important contributions towards filling this epistemological gap. Specifically, the
results show that narratives focusing on the potential adverse effects of GPG can increase
perceived risk and the willingness to engage in mitigation behaviors, but may not affect the

willingness to support preventative actions. However, narratives focusing solely on the
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potential benefits of GPG do not appear to attenuate risk perceptions. Importantly, the results
also indicate that although a risk-focused GPG narrative can significantly increase perceived
risk, this is much more likely to be the case when the message recipient has extant perceptions
of GPG that are congruent with the message.

Although neither photographic images nor graphs were found to have a generalized
influence on perceive risk, graphs were associated with greater perceived risk and a greater
willingness to engage in mitigation behaviors and supportive preventive controls among
individuals with higher graph literacy. Thus, it is evident that the influence of GPG
communications may differ based on the presentation format and content used and may be
interpreted differently by individuals based on differences in cognitive abilities. Furthermore,
Studies 1 and 2 found that narratives and images focused on the potential adverse effects of
GPG were much more consistent with the participant’s extant understanding and perceptions
of GPG. This suggests that many people may already be more familiar with and/or in agreement
with messages that focus on the professed adverse (cf. beneficial) effects of GPG; a finding
which is in line with recent research showing that GPG is generally perceived as a moderate-
to-high risk event.!®

While the present studies provide novel insights into the potential psychological
influence of communications about GPG it is also important, as with all research, to adopt a
critical perspective and consider alternative explanations for the findings. For example, it is
possible that the significant effect of the risk narrative in Study 1 was attributable to a ‘demand
effect” whereby participants felt that the narrative was intended to stimulate or instill an
awareness of the potential effects of GPG and, thereafter, that the risk perception measures
provided an opportunity for them to demonstrate this awareness.”® Furthermore, in Study 2
the photos were deliberately presented in isolation from other stimuli (except form the generic

statement about current and projected GPG numbers) to specifically test for their individual
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effects. However, it is possible that presenting the photos in this manner meant that they carried
little affective impact or appeared to have minimal direct relevance to the issue of GPG. Thus,
it could be argued that Study 2 does not fully capture the potential impact that photos might
have on GPG perceptions and behaviors when they are simultaneously presented with
additional supporting materials. Similarly, it could also be asserted that the graphs presented in
Study 3 would also have had a greater impact on perceptions and behaviors if they had been
presented in conjunction with related information. However, what Study 3 does clearly show
is that even when individuals do take on board specific information about vastly different
projected GPG numbers, this information typically has little influence on risk perceptions. This
finding is consistent with the results of Dawson and Johnson’s study, which showed that
knowledge of GPG numbers and GPG risk perceptions were not correlated.*®
3.1. Recommendations for GPG Risk Communications

It is because risk- and benefit-related communications have a strong capacity to
influence important risk management behaviors that those who create and deliver such
messages are in a position of distinct ethical responsibility.®7 If, as many academic articles
suggest, recent and future GPG can increase the likelihood of major global adverse events (e.g.,
climate change, resource shortages, accelerated species extinctions, ecosystem loss, rapid mass
migrations, etc.) then GPG communications could play a central role in motivating the effort
to manage these risks. Therefore, it would seem reasonable to assert that information about the
projected extent and potential effects (whether positive or negative) of GPG should (i) aim to
make such information easy to comprehend (ii) provide advice on feasible risk/benefit
management actions and (iii) be based on an empirically informed understanding of how the
information might be interpreted and used by the recipients. However, in light of the potential
moderating effect of prior knowledge and perceptions on the interpretation of GPG narratives

(Study 1), communications may benefit from the inclusion of content that explicitly
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acknowledges both risks and benefits, and which presents valid and reliable evidence to support
assertions that may be incongruent with the audience’s extant views.

As demonstrated by the present studies, it cannot be assumed that certain
communication formats and contents (e.g., photographic images of the adverse effects of
human actions on the natural environment) will lead to specific effects (e.g., heightened risk
perceptions and greater willingness to manage the potential risks). If future GPG has the
potential to drive future catastrophic outcomes, then it seems reasonable to suggest that
individuals, groups and organizations should be able to access a balanced range of information
about managing the associated risks and realizing the potential benefits, and that this
information is communicated via techniques that will have effects which are, as a result of
empirical research, clearly understood. For example, as illustrated by Studies 2 and 3, different
images and graphs may have limited impacts on public risk perceptions of GPG and, therefore,
those who wish to inform people about the potential adverse effects of GPG might look to use
narratives that provide details of the potential outcomes and their relationship to GPG.
However, as highlighted by Study 1, it cannot be assumed that a risk-related narrative will
necessarily increase support for action to further slow future GPG or, conversely, that a
benefits-related narrative would attenuate risk perceptions.

3.2. Limitations and Future Research

It is important to recognize that there are some limitations to the present studies and
that these shortcomings highlight potential directions for future research. First, the studies
presented here have separately examined the effects of three communication formats with a
view to understanding their individual effects on risk perceptions and behavioral intentions.
Hence, the studies did not determine the extent to which these formats might become more/less
influential when used in combination with one another. Second, the range of mediums and

formats examined in the present studies is relatively small compared to the range that are used
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in GPG communications in real-life contexts (e.g., population clocks, short videos, interactive
maps, etc.). Therefore, future research might examine the effects of these different GPG
communication approaches and/or aim to determine whether the findings from the present
study are replicated in more naturalistic contexts. Third, it is not possible to be specific about
the extent to which the results are generalizable beyond the samples observed and, therefore,
caution should be exercised in concluding that the same results would be evident among other
populations. Relatedly, Dawson & Johnson observed that age was positively correlated with
the perceived risk of GPG, yet this relationship was not evident in either of the three studies
presented here. This may have been because the samples in the present studies had a lower
mean age (with a low standard deviation) than the sample in Dawson & Johnson’s study.®®
This illustrates that the present studies lacked the capacity to determine whether older
generations might be more/less influenced by different GPG communications. Finally, Study
3 was the only study in which specific differences in each participant’s cognitive abilities (i.e.,
graph literacy) was formally assessed. However, it may have been that differences in individual
abilities were relevant to the way in which the participants in Studies 1 and 2 processed the
communication materials and, therefore, relevant abilities should be assessed in similar future
studies. For example, examining the influence of individual differences, such as how science
literacy affects interpretations of GPG narratives or how a greater need for affective cognitions
influences the attention paid to GPG imagery, could provide further important insights into

how these communications might influence risk perceptions and behaviors. €8
4. CONCLUSION

Public perceptions of the potential adverse effects of GPG may be a key component in
motivating important risk management behaviors during this century. Hence, there is clearly
much value in developing a better understanding of what influences these perceptions and what

effects they may have on the decisions and behaviors of all individuals, communities and
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organizations. The studies presented here have contributed towards developing this
understanding and have highlighted how GPG perceptions and related behavioral intentions
can vary relative to differences in extant knowledge, cognitive ability, communication formats
and contents. However, there still remains much scope for further research in this important

field of study.
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FOOTNOTES

1. To ensure that the analysis performed in Study 2 was consistent with that performed in Study
1, a test was conducted to determine if image consistency moderated the non-significant
relationship between image type and perceived risk (the control group were excluded from the
analysis because this group were not asked to provide image consistency data). The analysis
did not identify a significant moderation effect (b = -0.055, 95%CI [-0.562, 0.451], t = -0.216,

p = 0.451).

2. To ensure that the analysis was consistent with that performed in Study 1, a test was
performed to determine if graph consistency moderated the non-significant relationship
between graph condition and perceived risk. The analysis did not identify a significant

moderation effect (b = 0.064, 95%CI [-0.117, 0.135], t = 0.144, p = 0.885).

29



REFERENCES

1. United Nations Population Division. World Population Prospects: The 2015 Revision.
Available at: https://esa.un.org/unpd/wpp/Publications/Files/Key_ Findings WPP_2015.pdf,
Accessed on June 30, 2017.

2. Engelman R, Cincotta RP, Dye B, Gardner-Outlaw T, Wisnewski J. People in the balance.
Population and natural resources at the turn of the millennium. Population Action International,
2000; 31.

3. Bongaarts J. Development: Slow down population growth. Nature, 2016; 530 (7591): 409.
4. Goldstone JA. Population and security: How demographic change can lead to violent conflict.
Journal of International Affairs, 2002; 56: 3-22.

5. Mora C. Revisiting the Environmental and Socioeconomic Effects of Population Growth: a
Fundamental but Fading Issue in Modern Scientific, Public, and Political Circles. Ecology and
Society, 2014; 19(1): 38.

6. Nekola JC, Allen CD, Brown JH, Burger JR, Davidson AD, Fristoe TS, et al. The
Malthusian—-Darwinian dynamic and the trajectory of civilization. Trends in Ecology &
Evolution, 2013; 28(3): 127-30. doi: http://dx.doi.org/10.1016/j.tree.2012.12.001

7. Reid V. Biodiversity, rewilding and human population growth. Biodiversity, 2014; 15(1): 1-
2.

8. Satterthwaite D. The implications of population growth and urbanization for climate change.
Environment and Urbanization, 2009; 21(2): 545-67. doi: 10.1177/0956247809344361.

9. Turner A. Population priorities: the challenge of continued rapid population growth.
Philosophical Transactions of the Royal Society B: Biological Sciences, 2009; 364(1532):
2977-84. doi: 10.1098/rsth.2009.0183

10. United Nations. Transforming Our World: The 2030 Agenda for Sustainable Development.

Available at:

30



https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20
Sustainable%20Development%20web.pdf, Accessed on June 30, 2017.

11. Cohen JE. Population growth and earth's human carrying capacity. Science, 1995;
269(5222): 341-6. doi: 10.1126/science.7618100.

12. Cohen JE. Human Population: The Next Half Century. Science, 2003; 302(5648): 1172-5.
doi: 10.1126/science.1088665

13. Dorling D. Population 10 Billion: The Coming Demographic Crisis and How to Survive it.
London, UK: Constable and Robinson Ltd., 2013.

14. Galor O, Weil DN. From Malthusian Stagnation to Modern Growth. The American
Economic Review, 1999; 89(2): 150-4.

15. Dawson 1GJ, Johnson JEV. Does Size Matter? A Study of Risk Perceptions of Global
Population Growth. Risk Analysis, 2017; 37(1): 65-81. doi: 10.1111/risa.12576.

16. Fischhoff B. Risk perception and communication. In: Detels R, Beaglehole, R., Lansang,
M.A. & Gulliford, M. (Eds), editor. Oxford Textbook of Public Health. 5th ed. Oxford, UK:
Oxford University Press; 20009.

17. Frewer L. Public risk perceptions and risk communication. In: Bennett PC, K. (Eds), editor.
Risk Communication and Public Health. Oxford, UK: Oxford University Press; 1999. p. 20-
32.

18. Ropeik D, Slovic P. Risk communication: A neglected tool in protecting public health. Risk
in Perspective, 2003; 11(2): 1-4.

19. Kurz-Milcke E, Gigerenzer, G., & Martignon, L. Transparency in risk communication:
Graphical and Analog Tools. Annals of the New York Academy of Sciences. 2008;1128:18-28.
20. Budescu DV, Por H-H, Broomell SB, Smithson M. The interpretation of IPCC probabilistic
statements around the world. Nature: Climate Change, 2014; 4(6): 508-12. doi:

10.1038/nclimate2194

31



21. Cameron TA. Updating subjective risks in the presence of conflicting information: An
application to climate change. Journal of Risk & Uncertainty, 2005; 30(1): 63-97.

22. Terpstra T, Zaalberg R, de Boer J, Botzen WJW. You Have Been Framed! How
Antecedents of Information Need Mediate the Effects of Risk Communication Messages. Risk
Analysis. 2014; 34(8): 1506-20. doi: 10.1111/risa.12181.

23. Schindlmayr T. The Media, Public Opinion and Population Assistance: Establishing the
Link. Family Planning Perspectives, 2001; 33(3): 128-32. doi: 10.2307/2673769.

24. BBC News. Population Control: Is it a Tool of the Rich? Available at:
http://www.bbc.co.uk/news/magazine-15449959, Accessed on June 30, 2017.

25. Emmott S. 10 Billion. London, UK: Penguin Books Ltd.; 2013.

26. Foundation for Deep Ecology. Overdevelopment, Overpopulation, Overshoot. San
Fransisco, CA: Goff Books; 2015. Available at: http://populationspeakout.org/the-book/view-
book, Accessed on June 30, 2017.

27. Kunzig R. Population Seven Billion. National Geographic Magazine, January 2011.

28. Worldometers. Current World Population. Available at:
http://www.worldometers.info/world-population, Accessed on June 30, 2017.

29. English TT. The Advantages of Population Growth. Available at:
http://www.ehow.com/facts_5703833_advantages-population-growth.html, Accessed on June
30, 2017.

30. Lipkus IM. Numerical, verbal, and visual formats of conveying health risks: suggested best
practices and future recommendations. Medical Decision Making, 2007; 27: 696-713.

31. Dieckmann NF, Slovic, P., & Peters, E.M. The use of narrative evidence and explicit
likelihood by decisionmakers varying in numeracy. Risk Analysis, 2009; 29(10): 1473-88.
32. Golding D, Sheldon, S. & Plough, A. Evaluating risk communication: Narrative vs.

technical presentation of information about radon. Risk Analysis, 1992; 12(1): 27-35.

32



33. Hinyard LJ, Kreuter MW. Using Narrative Communication as a Tool for Health Behavior
Change: A Conceptual, Theoretical, and Empirical Overview. Health Education & Behavior,
2007; 34(5): 777-92. doi: do0i:10.1177/1090198106291963

34. Friedman SM, Egolf BP. A Longitudinal Study of Newspaper and Wire Service Coverage
of Nanotechnology Risks. Risk Analysis, 2011; 31(11): 1701-17. doi: 10.1111/}.1539-
6924.2011.01690.x

35. Steinhardt J, Shapiro MA. Framing Effects in Narrative and Non-Narrative Risk Messages.
Risk Analysis, 2015; 35(8): 1423-36. doi: 10.1111/risa.12368

36. Betsch C, Renkewitz F, Haase N. Effect of Narrative Reports about Vaccine Adverse
Events and Bias-Awareness Disclaimers on Vaccine Decisions. Medical Decision Making,
2013; 33(1): 14-25. doi:10.1177/0272989X12452342

37. Baumeister RF, Bratslavsky E, Finkenauer C, Vohs KD. Bad is stronger than good. Review
of General Psychology, 2001; 5(4): 323-70. doi: 10.1037/1089-2680.5.4.323

38. Rozin P, Royzman EB. Negativity Bias, Negativity Dominance, and Contagion. Personality
and Social Psychology Review, 2001; 5(4): 296-320. doi:
d0i:10.1207/S15327957PSPR0504_2

39. Siegrist M, Cvetkovich G. Better Negative than Positive? Evidence of a Bias for Negative
Information about Possible Health Dangers. Risk Analysis, 2001; 21(1): 199-206. doi:
10.1111/0272-4332.211102

40. Finucane ML, Alhakami, A., Slovic, P. & Johnson, S.M. The Affect Heuristic in Judgment
of Risk and Benefits. Journal of Behavioral Decision Making, 2000; 12: 1-17.

41. Alhakami AS, Slovic P. A Psychological Study of the Inverse Relationship between

Perceived Risk and Perceived Benefit. Risk Analysis, 1994; 14(6): 1085-96.

33



42. Allen M, Preiss RW. Comparing the persuasiveness of narrative and statistical evidence
using meta-analysis. Communication Research Reports, 1997; 14(2): 125-131.
doi:10.1080/08824099709388654

43. Baesler EJ, Burgoon JK. The Temporal Effects of Story and Statistical Evidence on Belief
Change. Communication Research, 1994; 21(5): 582-602.

44. Winterbottom A, Bekker HL, Conner M, Mooney A. Does narrative information bias
individual’s decision making? A systematic review. Social Science and Medicine, 2008; 67(12):
2079-2088. doi: 10.1016/j.socscimed.2008.09.037

45. Greenberg M. Book Review: Paul Sabin, The Bet: Paul Ehrlich, Julian Simon and Our
Gamble Over the Earth’s Future. Risk Analysis, 2015; 35(8): 1591-1592. doi:
10.1111/risa.12461

46. Dohle S, Keller C, Siegrist M. Examining the Relationship Between Affect and Implicit
Associations: Implications for Risk Perception. Risk Analysis, 2010; 30(7): 1116-28. doi:
10.1111/j.1539-6924.2010.01404.x

47. Johnson EJ, Tversky A. Affect, generalisation, and the perception of risk. Journal of
Personality and Social Psychology, 1983; 45: 20-31.

48. Keller C, Visschers V, Siegrist M. Affective Imagery and Acceptance of Replacing Nuclear
Power Plants. Risk Analysis, 2012; 32(3): 464-77. doi: 10.1111/j.1539-6924.2011.01691.x
49. Peters EM, Burraston B, Mertz CK. An Emotion-Based Model of Risk Perception and
Stigma Susceptibility: Cognitive Appraisals of Emotion, Affective Reactivity, Worldviews,
and Risk Perceptions in the Generation of Technological Stigma. Risk Analysis, 2004; 24(5):
1349-67. doi: 10.1111/j.0272-4332.2004.00531.x

50. Slovic P, Peters E. Risk Perception and Affect. Current Directions in Psychological Science,

2006; 15(6): 322-5. doi: 10.1111/j.1467-8721.2006.00461.x

34



51. Keller C, Siegrist, M. & Gutscher, H. The role of the affect and availability heuristics in
risk communication. Risk Analysis, 2006; 26(4): 971-9.

52. Hammond D, Fong, G.T., McDonald, P.W., Brown, K.S. & Cameron, R. Graphic Canadian
cigarette warning labels and adverse outcomes: Evidence from Canadian smokers. American
Journal of Public Health, 2004; 94: 1442-5.

53. Ancker JS, Senathirajah, Y., Kukafka, R. & Starren, J.B. Design features of graphs in health
risk communication: A systematic review. Journal of the American Medical Informatics
Association, 2006; 13(6): 608-18.

54. Kreuzmair C, Siegrist M, Keller C. Does Iconicity in Pictographs Matter? The Influence of
Iconicity and Numeracy on Information Processing, Decision Making, and Liking in an Eye-
Tracking Study. Risk Analysis, 2017; 37(3): 546-56. doi: 10.1111/risa.12623.

55. Stone ER, Yates, J.F. & Parker, A.M. Effects of numerical and graphical displays on
professed risk-taking behaviour. Journal of Experimental Psychology, 1997; 3: 243-56.

56. Stone ER, Bruine de Bruin W, Wilkins AM, Boker EM, MacDonald Gibson J. Designing
Graphs to Communicate Risks: Understanding How the Choice of Graphical Format Influences
Decision Making. Risk Analysis, 2017; 37(4): 612-28. doi: 10.1111/risa.12660

57. Dawson 1GJ, Johnson JEV, Luke MA. Helping Individuals to Understand Synergistic Risks:
An Assessment of Message Contents Depicting Mechanistic and Probabilistic Concepts. Risk
Analysis, 2013; 33(5): 851-65. doi: 10.1111/j.1539-6924.2012.01878.x

58. Galesic M, Garcia-Retamero R. Graph Literacy: A Cross-Cultural Comparison. Medical
Decision Making, 2011; 31(3): 444-57. doi: doi:10.1177/0272989X10373805

59. Okan Y, Garcia-Retamero R, Cokely ET, Maldonado A. Individual Differences in Graph
Literacy: Overcoming Denominator Neglect in Risk Comprehension. Journal of Behavioral

Decision Making, 2012; 25(4): 390-401. doi: 10.1002/bdm.751

35



60. Dawson 1GJ, Johnson JEV. Growing Pains: How Risk Perception and Risk Communication
Research Can Help to Manage the Challenges of Global Population Growth. Risk Analysis,
2014; 34(8): 1378-90. doi: 10.1111/risa.12180

61. Buhrmester M, Kwang T, Gosling SD. Amazon's Mechanical Turk: A New Source of
Inexpensive, Yet High-Quality, Data? Perspectives on Psychological Science, 2011; 6(1): 3-5.
doi: 10.1177/1745691610393980

62. Scurich N, John RS. Perceptions of Randomized Security Schedules. Risk Analysis, 2014;
34(4): 765-70. doi: 10.1111/risa.12126

63. Oppenheimer DM, Meyvis T, Davidenko N. Instructional manipulation checks: Detecting
satisficing to increase statistical power. Journal of Experimental Social Psychology, 2009;
45(4): 867-72. doi: http://dx.doi.org/10.1016/j.jesp.2009.03.009

64. Simon JL. Population growth is not bad for humanity. National Forum, 1990; 70: 12-16.
65. Hayes AF. Introduction to mediation, moderation, and conditional process analysis: A
regression-based approach. New York: Guilford Press; 2013.

66. Corner A, Markowitz E, Pidgeon N. Public engagement with climate change: the role of
human values. Wiley Interdisciplinary Reviews: Climate Change, 2014; 5(3): 411-22. doi:
10.1002/wcc.269.

67. Nickerson RS. Confirmation bias: A ubiquitous phenomenon in many guises. Review of
General Psychology, 1998; 2(2): 175-220. doi: 10.1037/1089-2680.2.2.175

68. Myers DG, Lamm H. The group polarization phenomenon. Psychological Bulletin, 1976;
83(4): 602-27. doi: 10.1037/0033-2909.83.4.602

69. Sunstein CR. The Law of Group Polarization. Journal of Political Philosophy, 2002; 10(2):
175-95. doi: 10.1111/1467-9760.00148

70. Slovic P. The Perception of Risk. London: Earthscan Publications Ltd.; 2000.

36



71. United States Census Bureau. Historical Estimates of World Population. Available at:
https://www.census.gov/population/international/data/worldpop/table_history.php. Accessed
on June 30", 2017

72. United Nations Population Division. World Population Prospects: The 2012 Revision
(2013). Available at: http://esa.un.org/unpd/wpp/index.htm. Accessed on June 30™", 2017.

73. Lipkus IM, Hollands JG. The visual communication of risk. Journal of the National Cancer
Institute: Monographs, 1999; 25: 149-163.

74. Gerend MA, Sias T. Message framing and color priming: How subtle threat sues affect
persuasion. Journal of Experimental Social Psychology, 2009; 45(4): 999-1002.

75. Gaissmaier W, Wegwarth O, Skopec D, Miller A-S, Broschinski S, Politi MC. Numbers
can be worth a thousand pictures: Individual differences in understanding graphical and
numerical representations of health-related information. Health Psychology, 2012; 31(3): 286-
96. doi: 10.1037/a0024850

76. Brown SL, Morley AM. Risk perception, fuzzy representations and comparative optimism.
British Journal of Psychology, 2007; 98(4): 575-587.

77. Reyna VF, Brainerd CJ. Fuzzy-trace theory and framing effects in choice: Gist extraction,
truncation and conversion. Journal of Behavioral Decision Making, 1991; 4(4): 249-262.

78. Orne MT. On the social psychology of the psychological experiment: With particular
reference to demand characteristics and their implications. American Psychologist, 1962;
17(11): 776-783.

79. Jungermann H. When you can't do it right: Ethical dilemmas of informing people about
risk. Risk, Decision and Policy, 1997; 2: 131-45.

80. Allum N, Sturgis P, Tabourazi D, Brunton-Smith I. Science knowledge and attitudes across

cultures: A meta-analysis. Public Understanding of Science, 2008; 17(1): 35-54.

37



81. Maio GR, Esses VM. The need for affect: Individual differences in the motivation to

approach or avoid emotions. Journal of Personality, 2001; 69(4): 583-614.

38



TABLES

Table I. Titles and descriptions of each scene depicted in the positive images condition and negative images condition of Study 2.

Title provided with image

Scene depicted in photograph

Positive images group

Negative images group

People build homes to live in

A single detached dwelling in the woods on a
sunny day

A massive urban development featuring
thousands of dwellings and industrial
buildings covered in hazy smog (no sky or
green/natural space visible)

People share the available physical space

Two people walking in a large expanse of open
rural land surrounded by mountains and trees

Thousands of people tightly crowded in a
busy market place

People use the Earth’s resources

A man hand-picking oranges from a tree on a
sunny day

A giant excavated mine (over 1km in
diameter) that dwarfs nearby industrial roads
and buildings

People produce waste that needs to be
managed

A man putting glass jars into a glass-recycling
bin

A vast landfill site emitting a hazy smog (no
green/natural space visible)

People use vehicles to get around

A person riding a bike through a quiet park
filled with trees and flowers

An aerial view of thousands of new cars in a
giant parking lot. The cars fill the image from
left-to-right and top-to-bottom

People create and consume electricity and
other energy sources

A low-energy lightbulb with green grass and
trees in the background

A large industrial power station with six big
chimneys emitting white fume clouds

People share the environment with animal
species and plant species

A boy feeding a donkey water that appears to
have been gathered from a nearby well

An aerial view of a landscape that has been
subjected to large-scale deforestation

People use a variety of farming techniques
to produce food

Two farmers manually digging and tending to a
small number of crops

An aerial view of a world’s largest
greenhouse array that covers all visible land
and extends into the clouds on the horizon
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FIGURES

Figure 1. Example of one image shown in the negative images condition (left) and one image
shown in the positive images condition (right) of Study 2. Both images had the title ‘People

use the Earth’s resources’.
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Figure 2. Graph depicting global human population numbers from 1800 to 2100 (as used in
the ‘All’ condition of Study 3). Numbers from 1800 to 2012 based on data published by the
United States Census Bureau (2012). Numbers from 2013 to 2100 based on median population

projections published by the United Nations Population Division (2013).
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APPENDIX

Risk narrative presented in Study One

First, as the population of the world gets bigger, humanity is typically unprepared to respond
to the changes that this causes, such as the increase in demand for food, housing, energy and
public services. In turn, this substantially lowers living standards and even results in protests,
migrations and violent conflicts. Second, as the population of the world increases there become
more and more people who are exposed to natural disasters, famines and outbreaks of deadly
diseases. Third, as the world population grows the amount of fossil fuels that people use as a
source of energy also increases. This raises pollution levels and speeds up human-induced
climate change. Fourth, as humanity builds more homes, workplaces, roads, etc. to respond to
population growth, natural wildlife habitats are destroyed and this increases the rate at which
certain animals becoming extinct. Finally, the human population is currently growing at the
fastest rate in the world’s poorest regions. People living in such areas will struggle to get out
of poverty due to the pressures that they experience when trying to support their large families
within a rapidly growing society. Overall, global population growth hinders and damages the
prosperity of all humans.

Benefits narrative presented in Study One

First, history shows that as the population gets bigger, humans cope with this change by
developing new technologies and creating more efficient and environmentally-friendly ways
of doing things. In turn, this stimulates the economy, creates new jobs and raises living
standards. Second, as the population of the world increases there are more people who can
respond to crises and disasters and work to achieve common goals, such as tackling the
outbreak of a deadly disease or helping earthquake victims. Third, when there are more people
in the world they can all share the cost of funding public services such as schools, hospitals

and environmental management, making these services cheaper to provide and more widely
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available. Fourth, when parents have more children they work harder to provide for their
children, this means that the parents make a greater contribution to the economy. Finally, the
birth of children also helps the economy because the existence of the children creates a need
for the production of more food, clothes, housing, schools, etc. and, importantly, the children
eventually grow up to become part of a bigger future workforce. Overall, global population

growth maintains and enhances the prosperity of all humans.
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Table I1. Study 1 (GPG narratives). Mean responses to questions concerning risk perceptions of GPG, and willingness to adopt mitigation and

precautionary behaviors.

Scale label and response options Item Narrative Condition  Mean (SD) Median
Overall perceived risk. Control 6.28 (2.37) 7.0
11-point scale Concerned about increased violent conflicts Risks 7.04 (2.05) 7.0
(0 = strongly disagree, Benefits 6.26 (2.76) 6.0
10 = strongly agree) Control 5.46 (2.37) 6.0
Concerned about increased disaster deaths Risks 6.74 (2.35) 7.0
Benefits 5.76 (2.51) 6.0
Control 6.84 (2.66) 7.0
Concerned about increased ecosystem damage Risk 7.44 (2.00) 8.0
Benefits 6.80 (2.79) 7.5
Control 6.60 (2.42) 7.0
Concerned about increased species extinction Risks 7.22 (2.53) 8.0
Benefits 7.00 (2.77) 8.0
Control 6.62 (2.52) 7.0
Concerned about increased energy shortages Risks 7.16 (2.32) 7.5
Benefits 6.36 (2.69) 7.0
Control 6.86 (2.68) 7.5
Concerned about increased food/water shortages Risks 7.46 (2.38) 8.0
Benefits 6.94 (2.65) 8.0
Control 6.32 (2.92) 7.0
Concerned about increased climate change Risks 7.26 (2.29) 7.0
Benefits 6.68 (2.98) 7.5
Control 5.08 (2.62) 5.0
Concerned about global economic decline Risks 7.04 (2.20) 7.0
Benefits 5.02 (2.48) 5.0

44



Control 5.94 (2.70) 6.5

Risk to humanity Risks 6.76 (2.36) 7.0

Benefits 6.02 (2.81) 6.5

Control 4.32 (2.88) 5.0

Mitigation behaviors. Reduce consumption of food and water Risks 5.76 (2.88) 6.0
11-point scale Benefits 4.55 (2.94) 5.0
g%;?{g;%%i‘;?gg & Red_uce amount of travel via fossil fuel-powered g;)sr:(t;ol ‘;"llg ggig ?8
vehicles Benefits 598 (2.78) 6.0

Control 5.66 (2.96) 6.0

Reduce quantity of material goods purchased Risks 6.98 (2.35) 7.0

Benefits 5.57 (2.89) 6.0

Reduce consumption of products and services that Cpntrol 6.62(2.59) 7.0

. ) Risks 7.48 (2.04) 8.0

are unfriendly to the environment Benefits 6.31 (2.84) 70

Preventative control. Donalte money tohcharity that works to reduce global (Fig;go' igi 822; gg
11-point scale population growt Benefits 3.86 (2.85) 4.0
(0 = strongly disagree, Control 342 (3.16) 35
10 = strongly agree) Pay more taxes to reduce global population growth  Risks 424 (3.07) 4.0
Benefits 3.67 (2.78) 3.0

Vote for political party that would spend more gpntrol 4.62 (3.19) 5.0

. . . isks 5.32 (2.97) 55

public money on reducing global population growth Benefits 4.63 (3.03) 50
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Table I11. Study 2 (GPG images). Mean responses to questions concerning risk perceptions of GPG, and willingness to adopt mitigation and

precautionary behaviors.

Scale label and response options Item Images Condition Mean (SD) Median
Overall perceived risk. Control 6.42 (2.59) 7.0
11-point scale Concerned about increased violent conflicts Negative 6.05 (2.88) 6.0
(0 = strongly disagree, Positive 6.41 (2.82) 7.0
10 = strongly agree) Control 5.97 (2.72) 6.0
Concerned about increased disaster deaths Negative 5.90 (2.63) 6.0
Positive 5.59 (2.64) 6.0
Control 7.59 (2.34) 8.0
Concerned about increased ecosystem damage Negative 6.95 (2.99) 8.0
Positive 6.81 (2.81) 7.0
Control 7.32 (2.44) 8.0
Concerned about increased species extinction Negative 7.17 (2.96) 8.0
Positive 6.83 (2.87) 7.0
Control 7.12 (2.51) 8.0
Concerned about increased energy shortages Negative 6.46 (2.79) 7.0
Positive 6.66 (2.67) 7.0
Control 7.90 (2.20) 8.0
Concerned about increased food/water shortages Negative 7.14 (2.84) 8.0
Positive 7.20 (2.63) 8.0
Control 7.53 (2.49) 8.0
Concerned about increased climate change Negative 6.75 (3.19) 8.0
Positive 6.75 (2.87) 8.0
Control 5.73 (2.53) 7.0
Concerned about global economic decline Negative 5.03 (2.90) 5.0
Positive 5.90 (2.62) 6.0
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Control 7.00 (2.62) 8.0

Risk to humanity Negative 6.47 (3.11) 7.0

Positive 6.78 (2.69) 8.0

Control 5.71 (2.95) 6.0

Mitigation behaviors. Reduce consumption of food and water Negative 5.60 (2.82) 6.0
11-point scale Positive 5.17 (3.03) 5.0
g%;?{g;%%i‘;?gg ® Red_uce amount of travel via fossil fuel-powered ﬁgggt?\l/e gg gggg ;8
vehicles Positive 573(3.19) 6.0

Control 6.36 (2.74) 7.0

Reduce quantity of material goods purchased Negative 6.24 (2.67) 7.0

Positive 5.80 (3.23) 7.0

Reduce consumption of products and services that Contrc_)l 7.14 (2.20) 7.0

. ) Negative 6.91 (2.66) 8.0

are unfriendly to the environment Positive 6.37 (2.99) 70

Preventative control. Donalte money tohcharity that works to reduce global (I\:Igggtci)\lle iié 8;3 28
11-point scale population growt Positive 4.10 (3.11) 5.0
(0 = strongly disagree, Control 468(3.09) 5.0
10 = strongly agree) Pay more taxes to reduce global population growth Negative 3.93 (3.09) 4.0
Positive 4.14 (3.02) 4.0

Vote for political party that would spend more (l\:lontrgl 5.93 (2.95) 6.0

i . . egative 5.14 (3.36) 5.0

public money on reducing global population growth Positive 5.32 (3.32) 6.0

47



Table IV. Study 3 (GPG graphs). Mean responses to questions concerning risk perceptions of GPG, and willingness to adopt mitigation and

precautionary behaviors.

Scale label and response Item Graph Mean (SD) Median Lower Graph Higher Graph
options Condition Literacy Mean Literacy Mean
(SD) (SD)

Overall perceived risk. Low 6.50 (2.51) 6.0 6.47 (3.00) 6.52 (2.27)

11-point scale Concerned about increased violent Medium 7.04 (2.14) 7.0 6.90 (2.23) 7.13 (2.11)

(0 = strongly disagree, conflicts High 6.80 (2.33) 7.0 6.24 (2.47) 7.36 (2.08)

10 = strongly agree) All 7.20 (2.23) 7.0 7.69 (2.21) 7.03 (2.24)

Low 6.38 (2.63) 7.0 6.00 (3.06) 6.58 (2.41)

Concerned about increased Medium 5.94 (2.34) 6.0 5.67 (2.13) 6.13 (2.49)

disaster deaths High 6.28 (2.58) 7.0 6.00 (2.66) 6.56 (2.52)

All 5.98 (2.38) 6.0 6.46 (2.79) 5.81 (2.23)

Low 7.54 (2.21) 8.0 6.47 (3.09) 8.09 (1.33)

Concerned about increased Medium 7.27 (2.26) 7.0 6.38 (1.96) 7.87 (2.28)

ecosystem damage High 7.56 (2.38) 8.0 6.68 (2.75) 8.44 (1.53)

All 7.84 (2.01) 8.0 8.38 (1.98) 7.64 (2.02)

Low 7.40 (2.70) 8.0 6.47 (3.32) 7.88 (2.23)

Concerned about increased Medium 7.27 (2.03) 8.0 6.43 (2.04) 7.84 (1.85)

species extinction High 7.30 (2.42) 8.0 6.52 (2.49) 8.08 (2.12)

All 7.53 (2.03) 8.0 7.92 (2.25) 7.39 (1.96)

Low 7.32 (2.39) 8.0 6.35 (3.00) 7.82 (1.86)

Concerned about increased energy  Medium 7.42 (2.04) 7.0 6.90 (1.90) 7.77 (2.09)

shortages High 7.24 (2.39) 8.0 6.56 (2.69) 7.92 (1.85)

All 7.59 (3.58) 8.0 7.36 (2.62) 7.47 (1.99)

Low 7.50 (2.32) 8.0 6.59 (3.02) 7.97 (1.74)

Concerned about increased Medium 7.75 (2.12) 8.0 7.43 (1.94) 7.97 (2.24)

food/water shortages High 7.70 (2.10) 8.0 7.08 (2.29) 8.32 (1.73)

All 7.84 (2.07) 8.0 7.57 (2.98) 7.72 (2.07)
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Low 7.50 (2.52) 8.0 6.65 (3.16) 7.94 (1.48)

Concerned about increased Medium 7.23 (2.92) 8.0 7.05 (2.31) 7.35 (3.30)

climate change High 7.60 (2.74) 8.5 6.92 (2.97) 8.28 (2.35)

All 7.47 (2.27) 8.0 8.31 (1.89) 7.17 (2.35)

Low 6.10 (2.54) 6.0 5.41 (3.10) 6.45 (2.17)

Concerned about global economic  Medium 6.02 (2.21) 6.0 5.90 (2.14) 6.10 (2.29)

decline High 6.16 (2.24) 6.0 5.48 (2.60) 6.84 (1.57)

All 6.57 (2.22) 7.0 6.46 (2.11) 6.61 (2.28)

Low 6.68 (2.49) 7.0 6.06 (3.13) 7.27 (2.02)

Risk to humanity Medium 6.56 (2.63) 7.0 5.76 (2.32) 7.10 (2.73)

High 6.94 (2.63) 7.0 5.76 (2.28) 8.12 (1.81)

All 7.04 (2.44) 8.0 7.00 (3.16) 6.86 (2.42)

Low 5.20 (2.70) 6.0 4.00 (2.72) 5.82 (2.51)

Mitigation behaviors. Reduce consumption of food and ~ Medium 5.38 (2.19) 6.0 5.24 (2.30) 5.48 (2.14)
11-point scale water High 5.14 (2.52) 5.0 5.08 (2.52) 5.20 (2.57)
(0 = strongly disagree, All 5.60 (2.68) 6.0 5.71 (2.49) 5.56 (2.78)
10 = strongly agree) Low 6.64 (2.55) 7.0 5.41 (3.06) 7.27 (2.02)
Reduce amount of travel via fossil  Medium 6.33 (2.41) 6.0 6.62 (1.88) 6.13 (2.72)

fuel-powered vehicles High 6.44 (2.64) 7.0 6.48 (2.68) 6.40 (2.65)

All 6.42 (2.38) 7.0 6.79 (2.33) 6.28 (2.42)

Low 6.18 (2.55) 6.0 5.06 (2.88) 6.76 (2.18)

Reduce quantity of material goods Medium 6.33 (2.28) 7.0 6.19 (2.58) 6.42 (2.09)

purchased High 5.88 (2.47) 6.0 5.96 (2.48) 5.80 (2.52)

All 6.20 (2.33) 7.0 6.86 (2.21) 5.94 (2.35)

Reduce consumption of products Low 7.20 (2.31) 7.0 5.82 (2.79) 7.91 (1.67)

and services that are unfriendly to M_edlum 6.96 (2.26) 7.0 6.19 (2.34) 7.48 (2.08)

the environment High 6.70 (2.47) 7.0 6.24 (2.82) 7.16 (2.01)

All 7.26 (2.20) 7.5 7.79 (2.36) 7.06 (2.14)

Donate money to charity that Low 5.06 (2.63) 5.0 4.06 (2.86) 5.58 (2.39)

Preventative control. works to reduce global population Medium 4.25 (2.81) 5.0 3.90 (2.72) 4.48 (2.90)
11-point scale th High 4.34 (2.62) 4.0 3.92 (2.55) 4.76 (2.67)
(0 = strongly disagree, grow Al 4.30 (2.87) 5.0 4.00 (2.48) 4.42 (3.03)
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10 = strongly agree)

Low 454 (2.94) 5.0 3.47 (3.11) 5.09 (2.73)

Pay more taxes to reduce global Medium 4.27 (2.93) 5.0 4.19 (2.99) 4.32 (2.93)
population growth High 4.42 (2.73) 5.0 4.08 (2.78) 4.76 (2.68)
All 4.60 (2.98) 5.0 4.86 (2.48) 4,50 (3.19)

. Low 5.78 (2.95) 6.0 5.06 (3.33) 6.15 (2.72)

;;%tr? df?nropr‘é'g&%ﬁ'icp?nrfﬁ@aéxvo“'d Medium  4.88(2.80) 55  4.43(3.06) 5.19 (2.61)
reducing global population growth High 5.18 (2.52) 5.0 4.56 (2.47) 5.80 (2.47)
All 5.98 (2.68) 6.0 5.86 (2.51) 6.03 (2.78)
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