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ABSTRACT
	The global human population now exceeds seven billion and is projected to reach 10 billion around 2060. While population growth has been associated with certain benefits (e.g., economies of scale, technological advancements), theoretical models, probabilistic projections and empirical evidence also indicate that this growth could increase the likelihood of many adverse events (e.g., climate change, resource shortages) and the impact of these events, as more people are exposed to the outcomes. While concerns about these issues are well-documented in the academic literature, there is little evidence concerning the public’s perceptions of the risks associated with global population growth (GPG) and how these perceptions are likely to influence related decisions. To address these issues, we conducted a UK-based study that examined respondents’ risk perceptions of GPG, their willingness to embrace mitigation/precautionary behaviors, and reasons for variations in these two factors. We found that GPG is perceived as a moderate-to-high risk, with concerns about the increased likelihood of resource shortages, ecological damage and violent conflict being foremost. Respondents believed that the worst effects of GPG would arrive around 2050 and would be experienced by the world’s poorest people. Respondents who perceived greater levels of risk from GPG were generally those who indicated a greater willingness to embrace mitigation behaviors (e.g., reduce resource consumption) and preventative actions (e.g., support political action to limit growth). We discuss how our findings might be utilized to better manage the potential challenges associated with GPG and we suggest several directions for further research.
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1. INTRODUCTION
	Since the nineteenth century the global human population has grown rapidly from one billion to over seven billion people and currently increases by approximately 200,000 people per day.(1) Median variant projections indicate that the population will reach 10 billion shortly after 2060.(2) Based on theoretical models, probabilistic projections and empirical evidence, numerous academics have expressed concerns that this growth may play a pivotal role in increasing the likelihood of adverse events in sociopolitical (e.g., warfare), economic (e.g., energy shortages) and environmental (e.g., climate change) domains.(3-9) Such concerns were brought to public attention after the population reached seven billion in late 2011 (via books, media and internet sites).(10-14) This raises the prospect that the concerns expressed by academics will develop or be exacerbated among lay individuals and that this may influence their related decisions and behaviors.(6,7,10,15-17) However, there is a scarcity of empirical evidence concerning lay individuals’ perceptions of the risk of ‘global population growth’ (GPG). Developing an understanding of these perceptions is important because of their potential to influence decisions that could affect the rate of population growth and/or the impact of the related adverse effects.(6,15,17) Consequently, to shed light on this important area, we present an exploratory study that provides insights into public risk perceptions of GPG, individual willingness to embrace mitigation/precautionary behaviors and some of the underlying reasons for variations in these factors.
1.1. Potential Drivers of Global Population Growth
	Extant literature attributes the rapid growth of the global population to several factors that may have operated independently or inter-dependently to increase fertility rates, infant survival and adult longevity. For example, it has been argued that GPG can be attributed to the technological, medical and logistical advances that have improved living and healthcare standards since the industrial revolution.(18) In addition, studies show a positive correlation between high birth rates and low levels of equality for women.(19,20) In short, the evidence suggests that women are more likely to first become pregnant at a young age and have a greater number of children if they live in social systems where power predominantly resides with men, they have limited access to education and are unable to establish financial independence. It has also been suggested that GPG can be partly attributed to religious groups that have actively discouraged the use of contraceptives.(6) Furthermore, other literature indicates that GPG is closely related to poverty because the world’s poorer people generally have less access to family planning education and/or contraceptives and are more likely to raise larger families to provide income via familial labor.(15,21) For example, women in their childbearing years now typically have an average of two children in the world’s more developed countries, compared to six or seven  in some of the world’s poorest countries.(22)
1.2. Potential Effects of Global Population Growth
	While GPG has often been associated with delivering many benefits for humanity (e.g., greater labor force, economies of scale, increased capacity for innovation and technological advancement), numerous academics have also cited theoretical models, probabilistic projections and/or empirical evidence to assert that further GPG could increase the likelihood of several adverse events at local and/or global levels. These adverse events include, for example: (i) climate change due to increased CO2 emissions, (ii) ecosystem damage and accelerated species extinction resulting from the conversion of bio-diverse areas into urban and agricultural land, (iii) food, water and energy shortages due to increased consumption demands and the depletion/mismanagement of finite resources, (iv) increased violent conflict and rapid migration resulting from greater competition for resources, (v) persistent and/or higher levels of poverty due to increased competition and/or inequitable distribution of resources, and (vi) more deaths and injuries from man-made and natural disasters as greater numbers of people are exposed and opportunities to avoid living in disaster-prone areas are reduced.(3-9,23-26) Scholars argue that these potential outcomes may vary in magnitude and could take effect in a range of temporal, social and geographical contexts during the 21st century.(6)
1.3. Risk Perceptions and Global Population Growth
	Historically, debates about the effects of GPG have often been led by participants with highly polarized views about whether GPG primarily elicits adverse or beneficial outcomes.(see 10) More recently, academics and commentators have established a more balanced narrative that recognizes that GPG has (and probably will continue to) simultaneously present risks and benefits.(10,12) They suggest, therefore, that humanity should now concentrate its efforts on instigating measures that manage those risks in order to ensure that they do not negate any associated benefits that have been or may be achieved. Some have highlighted the need for measures that could further slow GPG, such as government funding for family planning education or tackling poverty.(6,27,28) By contrast, others have been more in favor of mitigation behaviors, such as distributing resources more equitably, reducing CO2 emissions or developing adaptive technologies.(10,29,30) No clear consensus has emerged on whether measures to limit GPG or to encourage mitigation behaviors (or both) might prove most effective in reducing the likelihood of the adverse events outlined above. However, in either case, the overarching implication that emerges from the literature is that people, individually or collectively, must be motivated to pursue these courses of action if the challenges of GPG are to be managed effectively.(7) Yet, the question of what will motivate people to pursue such actions remains empirically unanswered. As a first step to addressing this issue, we focused our attention on the role that perceived risk might play in motivating these actions.(17) Our rationale for focusing exclusively on the construct of perceived risk is outlined below.
There is considerable evidence that perceived risk can moderate the willingness to adopt precautionary and mitigation behaviors.(31-35) For example, those with higher levels of perceived risk of certain diseases are more likely to adopt protective behaviors, such as vaccinations, and the perceived threat of terrorism often causes individuals to avoid specific areas and modes of travel.(31,36) Equally, different levels of risk perception can moderate policy support for issues such as the location of nuclear facilities and measures to tackle climate change.(37,38) Perceived risk clearly plays an important role in influencing risk management behaviors. Consequently, the perceived risk of the effects of GPG could have a substantial influence on the extent to which individuals are motivated to adopt related preventative and mitigation actions. Some academics have already supported this notion, suggesting that awareness of the challenges brought about by GPG might influence decision-making in favor of using public and private funds to reduce the growth rate and to generate political will to address the associated issues.(39,40) However, there remains a dearth of empirical research examining the perception of the risk of GPG amongst the lay population and exploring the extent to which such perceptions influence willingness to adjust related behaviors.
1.5. The Perceived Risk of Global Population Growth among UK Residents
	To study the perceived risk of GPG we believed that it would be important to recruit a sample of people whom one may reasonably expect to hold some prior knowledge of GPG and the related issues. These individuals would have had the opportunity to make subjective evaluations of the topic and to formulate related perceptions. Consequently, we recruited a sample of lay UK residents because we believed that they would hold such prior knowledge for two reasons. First, since late 2011, the issue of GPG has been subject to public discussion and media interest in the UK. The passing of the ‘seven billion milestone’ and the potential implication of further population growth were highlighted in newspapers, media broadcasts, dedicated internet sites and in public lectures by prominent UK figures (e.g., [14,41,42]). For example, in 2013 the BBC broadcast a lecture/documentary by Hans Rosling titled ‘Don’t Panic: The Truth About Population’. The BBC also launched a 30-part radio series called ‘Shared Planet’ which examined the impact of GPG on the natural world.(12,43) Also in 2013, two books about GPG that targeted a lay audience were published by UK authors.(10,11) Hence, there is reasonable cause to believe that many UK residents are aware of GPG and the related issues. Second, the UK population has grown substantially since the industrial revolution and, like the global population, is forecast to continue growing until the end of the 21st Century.(44) Hence, UK residents have experienced and continue to experience population growth. Consequently, they are not a group that could disregard or attenuate the issue because it is one that does not concern them. These reasons gave us cause to believe that there is likely to be some awareness of GPG and its potential effects among UK residents.
	The remainder of this paper summarizes our study examining the perceptions of the risk related to GPG among a sample of UK residents. The study provides novel insights into the respondents’ risk perceptions, their willingness to adopt precautionary behaviors, and the extent to which these factors may be moderated by other factors such as knowledge, experience and the perceived temporal, geographic and social distance of the effects of GPG.
2. METHOD
2.1. Procedure and Sample
	Between 29 May and 25 June 2014 a telephone questionnaire of UK residents (i.e., England, Northern Ireland, Scotland and Wales) aged 18 years and older was conducted by Opinion Research Services (ORS), an experienced UK-based social research practice. A nonprobability quota sample (N = 300) was obtained to ensure the key socio-demographic characteristics of age, gender, national residence and working status were represented. To ensure that the sample was representative at a regional level, a stratified sample of 12 regions across the UK was selected. The study was conducted and supervised by trained market research interviewers and each telephone interview took approximately 20 minutes. 
The sample consisted of 51% male and 49% female respondents, with a mean age of 49 years, and over 60% of respondents were in in full or part-time employment (see Table I). These sample characteristics approximate the population characteristics identified in the 2011 UK Census.(45,46) The proportion of residents from each country in the sample (England 83%, Scotland 9%, Wales 5%, and Northern Ireland 3%) was approximately equal to the proportions of residents from each country in the UK population (84%, 8%, 5% and 3% respectively).(47)
[Insert Table I about here]	
	The questionnaire was designed to examine public perceptions and knowledge of GPG, willingness to adopt mitigation/precautionary behaviors and insights into underlying reasons for variations in these factors. The questionnaire featured 47 questions concerning population growth. In some cases, these were developed from similar items employed by Leiserowitz and Spence, Poortinga and Pidgeon to explore perceptions of climate change.(48,49) The questionnaire also featured 14 questions concerning socio-demographic characteristics. Respondents were advised that the questionnaire was being conducted to “… develop a better understanding of people’s knowledge, opinions and perceptions of human population growth” and they were specifically instructed that the questionnaire “… primarily focuses on the growth of the global human population and not on the population of just one country or region. Hence, unless you are asked otherwise, please answer all questions in relation to the global human population.” 
2.2. Risk Perception
	Nine questions assessed respondents’ perceptions of risk related to GPG. Two of these asked respondents to indicate, using an 11-point scale ranging from 0 (not at all) to 10 (extremely) the extent to which they were worried about (fearful of) GPG. Seven questions, employing the same 11-point scale, examined the extent to which respondents were concerned that GPG will increase: (i) the rate of climate change, (ii) water and food shortages, (iii) energy shortages, (iv) the extinction of animal species, (v) the rate of damage to ecosystems, (vi) the number of people killed or injured in man-made and natural disasters, and (vii) the number of violent conflicts in the world.
2.3. Affective Responses
	Studies have shown that affect, defined as  “… the specific quality of ‘goodness’ or ‘badness’ (1) experienced as a feeling state (with or without consciousness) (2) demarcating a positive or negative quality of a stimulus” ([50] p. S35), plays a key role in risk perceptions.(51-53). Stimuli and concepts are often encoded and represented by mental images (e.g., pictures, sounds) and/or by symbolic cognitions (e.g., phrases, numbers) that, via learning and experience, are ‘tagged’ with varying magnitudes of affect.(51,54) Importantly, individuals often rely on the affect that they associate with focal items (e.g., cigarettes) or concepts (e.g., nuclear power) to make fast and efficient estimates of the probability that the item or concept will elicit an adverse outcome.(52) Consequently, important insights into the perceived risk of certain items and concepts can be gained by eliciting respondents’ affective imagery (i.e. “… evaluative feelings of good/positive or bad/negative associated with particular concepts or stimuli.” ([48] p. 1436) associated with those items and concepts.
	Consistent with an established method of assessing affective imagery,(48,55) our respondents were asked, “What is the first thought or image that comes into your mind when you think of global human population growth?” 
2.4. Psychological Distance
 	Psychological distance refers to the extent to which individuals mentally construe a target item, event or concept as being distant from themselves in that moment in time on various physical (e.g., geographic) and abstract (e.g., time) dimensions.(56) We employed various measures to assess the extent to which respondents construed the potential effects of GPG to be geographically, socially and temporally distant from themselves. Perceived geographic distance was assessed via two questions. These asked respondents to use a scale ranging from 0 (completely disagree) to 10 (completely agree) to express their view that during this century GPG will have a worse effect on (1) other communities than it will have on their own local community and (2) other countries than it will on the country in which they live. Perceived social distance was assessed via one question that asked respondents to indicate, using the same scale, the extent to which they agreed that during this century GPG will have a worse effect on other people than it would on themselves. Temporal distance was measured by the question “When, if at all, do you think that the worst effects of global population growth will be experienced by humanity?” Respondents could choose one of seven categorical options: (i) Have already passed, (ii) Are being felt now, (iii- v) Will be felt in (iii) 25 years (iv) 50 years (v) more than 50 years from now, (vi) Will never be felt, and  (vii) Don’t know.
2.5. Willingness to Employ Mitigation and Precautionary Behaviors
	Seven questions assessed respondents’ willingness to adopt precautionary/mitigation behaviors if they “… thought it might help humanity to cope better with any future changes brought about by global population growth.” Four of these questions assessed willingness to adjust their behavior as consumers. In particular, respondents were asked, using a scale ranging from 0 (completely unwilling) to 10 (completely willing), to what extent they would be willing to reduce the amount: (1) of water and food that they consume, (2) that they travel using vehicles powered by fossil fuels, (3) of material goods that they buy, and (4) that they use goods and services that are unfriendly to the environment. Respondents’ willingness to support precautionary measures to limit GPG was assessed by asking them to what extent they would be willing to: (1) pay more taxes to fund government projects aimed at reducing GPG, (2) vote for a political party that wanted to spend more public money on reducing GPG, and (3) donate money to a charity that works to reduce GPG.
2.6. Knowledge
	Possessing accurate subjective knowledge of population size and growth rates might be important for obtaining a veridical perspective on relative increases in GPG over time and for appreciating how the growth might influence related issues (e.g., increases in CO2 emissions). Respondents’ knowledge of the current size, projected size and estimated growth rate of the global population was assessed by asking them to state, to the nearest billion, how many people scientists estimate live today. Responses were recorded in fifteen categories ranging from ‘less than 1 billion’, ‘2 billion’, etc. to ‘more than 12 billion’ or ‘don’t know’. They were also asked, to the nearest billion, how many people scientists estimate will be living in the year 2050. Responses were recorded using the same fifteen categories. They were also asked to state, to the nearest thousand, how many people scientists estimate the global population increases by each day. Responses were recorded in nine categories ranging from ‘less than 10,000’ to ‘more than 300,000’ or ‘don’t know’.
2.7. Information Exposure
	An individual’s subjective knowledge of population growth statistics may be influenced by the extent to which they are exposed to information about this topic. Consequently, respondents were asked approximately how many (1) reports/articles they had seen/read in the media or internet and (2) books they had read during the last five years that had specifically focused on the topic of GPG. Responses were categorized into one of five groups: ‘none’, ‘1 or 2’, ‘3 to 10’, ‘more than 10’, and ‘don’t know’.
2.8. Experience
	Four questions assessed the extent to which respondents believed that they had directly experienced/observed population growth or changes that are typically related to population growth. Before answering, respondents were advised that these “… questions will be about population growth in your local area and in your country of residence …” Respondents were asked to use a scale ranging from 0 (completely disagree) to 10 (completely agree) to indicate their agreement with the following statements: (1) during the last 10 years I have noticed an increase in the number of buildings (such as houses, shops, offices, etc.) in the area where I live, (2) the population of the village/town/city that I live in has increased substantially during the time I have lived here, (3) the population of England/N. Ireland/Scotland/Wales has increased substantially during the time I have lived here, and (4) during the last 10 years I have experienced an increase in congestion in public spaces. Respondents were also offered the option of stating that ‘I haven’t lived here long enough to observe a change’. 
2.9. Opinions
	A series of questions were employed to gauge respondents’ opinions regarding other population growth-related issues. The questions elicited respondents’ beliefs about whether: (i) individuals, communities or governments had the greatest ability to influence global population levels, (ii) national governments are doing enough to address GPG, (iii) it is important for people to take into account the size of the global population when deciding how many children to have, (iv) GPG will have a worse effect on the world’s poorer (cf. richer) people, and (v) practicing environmentally-friendly behaviors is a better way to protect the natural environment than trying to limit population size. 
A further set of questions elicited respondents’ views concerning the causes of GPG. In particular, they were asked if they believed that GPG had occurred because of: (1) technological and medical advancements, (2) insufficient availability of family planning education and contraceptives, (3) religious groups that discourage the use of contraceptives, (4) inequitable rights/opportunities for women, and (5) the human desires for reproduction and longevity.
2.10. Data Preparation and Analysis
	The affective responses were coded using content analysis. Scales were formed for single constructs (e.g., risk perception) from the respective response data and, where appropriate, assessed for reliability using Cronbach’s α. Multiple regressions were then performed to assess the relationships between risk perceptions and the other key variables. Additional tests (e.g., moderation) were conducted to examine potential interactions between variables.
3. RESULTS
3.1. Descriptive Statistics and Formation of Scales
3.1.1. Risk Perception
	The mean responses to the nine items that assessed the respondent’s perceived risk of GPG are displayed in Table II. All means exceeded the mid-point on the scale, with concern about increases to water/food shortages, energy shortages, species extinction, ecosystem damage and violent conflicts all exceeding a mean score of 7.2. All nine items were combined to form one scale, labeled as “overall perceived risk” (Cronbach’s α = 0.92). The scale mean was 6.9 (SD = 1.83), indicating that UK residents perceive GPG as a moderate-to-high risk event.
[Insert Table II about here]
3.1.2. Affective Responses
	The respondent’s affective thoughts/images were organized into categories using an inductive content analysis (n = 284; 16 respondents failed to articulate an image/thought). The reliability of the coding scheme was tested using an independent judge who coded 90 randomly selected units (i.e., 30% of the dataset). Inter-rater reliability (Cohen's κ= 0.78) was “excellent”.(57) Consequently, codes assigned by the first coder were used in the subsequent analysis.
	The coding scheme categorized the responses into 15 distinct themes associated with GPG. Five, nine and one of these themes were categorized by negative, neutral and positive associations, respectively. Negative themes were those that characterized population growth as problematic and/or a driver of adverse consequences. For example, one category of negative thought/image characterized the current population growth rate as exceeding an arbitrarily-defined acceptable level (e.g., “too big, too fast”, “out of control”) and another category referred to the potential adverse outcome(s) of GPG (e.g., “starvation”, “strain on all the global resources”). Neutral themes were those that simply acknowledged the existence of GPG or that identified a related image or concept, but did not indicate whether these were construed in a positive/negative manner. For example, one neutral category was characterized by descriptions of the growth process (e.g., “it’s increasing”, “steady increase”) and another category by nominal items/concepts (e.g., “a globe”, “China”, “politics”). Only one response was categorized as a positive theme (i.e., “not enough of us”). 
	Ninety percent of all respondents’ images/thoughts were categorized into five of the coding themes: ‘negative - population growing too fast/big’ (37%), ‘negative - adverse outcome’ (9%), ‘neutral – nominal image, item or concept’ (19%), ‘neutral – population growing’ (18%) and ‘neutral – named country/continent’ (7%). Approximately 2% of the remaining responses were coded into other negative themes (e.g., ‘failure of humanity’) and 8% into other neutral themes (e.g., ‘population size statistics’).
3.1.3. Psychological Distance
	Mean responses to the three items used to assess the perceived geographic and social distance of the adverse consequences of GPG are shown in Table II. All means exceeded 7.2, indicating that our UK respondents largely perceived the worst effects of GPG to be geographically and socially distant. These three items were combined to create a single ‘geo-social distance’ scale (Cronbach’s α = 0.86), with higher scores indicating a larger psychological distance.
	The respondents also believed that the worst effects of GPG would manifest in the future (see Figure 1), with a large proportion of the respondents stating that the worst effects would be felt in 25 years from now (46%) and 50 years from now (27%). For the purposes of our regression analysis (Section 3.2), the categorical responses to this ‘temporal distance’ question were recoded onto a five-point scale, with the responses coded as: ‘have already passed’, ‘will never be felt’ and ‘don’t know’ = 1, ‘felt in more than 50 years’ = 2, ‘felt in 50 years’ = 3, ‘felt in 25 years’ = 4 and ‘are being felt now’ = 5. Hence, higher scores represented a higher perceived proximity/closeness of the worst effect of GPG.
[Insert Figure 1 about here]
3.1.4. Willingness to Employ Mitigation and Precautionary Behaviors
	Mean responses to the four questions assessing willingness to employ mitigation behaviors and the three questions assessing willingness to take precautionary action are displayed in Table II. The first four questions were combined into one scale labeled ‘mitigation behavior’ (Cronbach’s α = 0.84) and this had an overall mean of 6.81 (SD = 1.92). The latter three questions were combined into one scale labeled ‘precautionary control’ (Cronbach’s α = 0.78) and this had an overall mean of 5.16 (SD = 2.31).
3.1.5. Knowledge
	 ‘Correct’ answers to the three questions related to the current size, projected size and growth rate of the global population were each allocated a score of one; hence, the maximum score available was three. An answer to the ‘current size’ of the global population question was deemed ‘correct’ if the respondent answered six, seven or eight billion (the population in mid-2014 was approximately 7.2 billion, and we allowed a tolerance of +/- one billion from seven billion). An answer eight, nine, or ten billion to the ‘projected size’ of the global population question was considered ‘correct’ (the United States Census Bureau projects a median global population of approximately 9.4 Billion in 2050, so we allowed a tolerance of +/- one billion from nine billion). An answer of between 150,000 and 249,000 to the ‘daily growth rate’ of the global population question was deemed correct (the rate is estimated at approximately 200,000, so we allowed a tolerance of +/- approximately 50,000 from this figure).
	Based on the above criteria, only 36%, 25% and 8% of respondents were deemed to know the correct size of the current global population, the projected size of the population in 2050, and the daily population growth rate, respectively. Three percent of respondents answered all three questions related to the current size, projected size and growth of the global population correctly, while 18%, 23% and 56% answered two, one and no questions correctly, respectively.
3.1.6. Information Exposure
	The proportion of respondents who had seen ‘zero’, ‘one or two’, ‘3 to 10’, and ‘more than 10’ (a) media/internet reports on GPG were 13%, 15.7%, 37.7% and 32.3%, respectively, (with 1.3% of respondents answering ‘don't know’) and (b) books on GPG were 76.7%, 14.6%, 5.7% and 3% respectively. Hence, respondents appeared to gain most information about GPG from media and internet reports (cf. books), with a total of 70% of respondents having seen/read three or more reports. For the purposes of our regression analysis, a respondent’s exposure to reports and books was collapsed into one variable (labeled ‘information exposure’), with scores ranging from 1 to 8; higher scores representing a greater exposure.
3.1.7. Experience
	Table II displays the mean answers to the four items used to assess respondents’ direct experience of population growth and the related changes that this can bring. The four mean ratings ranged from 6.33 to 7.54, indicating that our respondents generally believed that they had experienced a noticeable increase in population numbers and an increase in infrastructure and congestion at a local/national level. The four items, combined into one scale labeled ‘direct experience’ (Cronbach’s α = 0.75), had a mean of 7.0 (SD = 1.92).
3.1.8. Opinions	
	Approximately half of the respondents believed that governments (50.3%), rather than individuals (27.5%), communities (20.5%) or ‘all equally’ (1.7%), had the greatest ability to influence global population levels (see Figure 2). Respondents were generally of the view that national governments were not doing enough to address GPG, the mean response (scale ranging from ‘0 = not at all’ to ‘10 = extremely’) being 7.34 (SD = 2.16).
	Responses to three questions regarding who would experience the worst effects of GPG and what behaviors are most suitable for combating the effects (on an 11-point scale: 0 = completely disagree, 10 = completely agree), are summarized in Figure 3. The most striking of these results is the strength of respondents’ agreement that the worst effects would be experienced by the world’s poorer people (M = 8.58, SD = 1.89). Consequently, just as respondents construed the potential adverse effects of GPG as geo-socially distant (see section 3.1.3.) they also believed that the adverse effects would be distributed inequitably amongst different socio-economic groups. Figure 3 also shows the extent to which respondents agreed that GPG can be attributed to factors such as family planning access, women’s rights and technological and medical advancements.
[Insert Figure 2 about here]
[Insert Figure 3 about here]
3.2. Statistical Analysis
3.2.1. Risk Perceptions and Global Population Growth
	A forced entry linear regression was performed, with overall perceived risk as the outcome variable and affective responses, geo-social distance, temporal distance, knowledge, information exposure, experience and number of children1 as the predictors. Age and gender were also included as control variables. The correlations and coefficients are shown in Tables III and IV respectively. The analysis identified affective responses, geo-social distance experience and age as significant predictors of overall perceived risk, with these variables explaining around 19% of the variance.
	The observed relationship between affective responses and overall perceived risk highlights how the mental images and symbolic cognitions that relate to GPG are an important component in the psychological characterization of the potential effects of GPG. The correlation between geo-social distance and overall perceived risk is interesting because it indicates that while respondents generally perceived GPG as a moderate-high risk, these perceptions may currently relate to concerns about more globalized and socially distant (cf. localized and personal) effects. The identification of experience as the strongest predictor of overall perceived risk is also interesting given that the measures used to assess ‘experience’ concerned population growth at the local/national level, while measures of overall perceived risk concerned population growth at the global level. The positive relationship between these variables suggests that respondents who had observed more localized changes relating to population growth may have drawn upon these observations when assessing what might develop on a larger, global scale as GPG increases. 
Our analysis also showed that age was positively correlated with overall perceived risk. Consequently, we considered the possibility that the relationship between experience and perceived risk could be influenced by the respondent’s age (i.e. older/younger respondents would probably have acquired more/less direct experience of population growth and, therefore, would have higher/lower risk perceptions of GPG based on their higher/lower accumulated experiences). However, a first-order partial correlation analysis controlling for the effect of age, still identified a positive correlation between direct experience and overall perceived risk, r = 0.31, n = 290, p < 0.001, R2 = 0.10, suggesting that the variance in overall perceived risk that was attributable to experience was largely unrelated to differences in respondents’ ages.
[Insert Table III about here]
[Insert Table IV about here]
	The regression also identified that temporal distance, knowledge, information exposure, and number of children2 were not significant predictors of overall perceived risk. The absence of a significant effect for temporal distance indicates that overall risk perceptions were not significantly higher for the respondents who were concerned that the worst effects would occur in the near-term (vs. the future). The finding that knowledge of GPG was not significantly related to perceived risk indicates that deficits in statistical knowledge relating to population size and growth rates did not preclude the respondents from holding an overall sense of concern about the potential adverse consequences of GPG. Our findings also showed that male and older respondents tended to have higher knowledge scores; see Table III. The absence of a significant effect for information exposure indicates that the quantity of information to which respondents had been exposed did not influence their perceptions of the risk associated with GPG. In addition, the absence of a significant correlation between information exposure and knowledge suggests that the information respondents had received may not have been effective in communicating statistical information about population sizes and growth rates. These findings point to the possibility that it may be the specific content (cf. quantity) of information about GPG that influences risk perceptions; suggesting the need for future research that examines the influence of different content on risk perceptions and knowledge.
Finally, the absence of an effect of number of children on overall perceived risk is interesting because this finding contradicts the inference that is sometimes made that having a larger number of children may be indicative of relatively low levels of concern about the potential adverse effects of GPG.(6,58)
3.2.2. Risk Behavior and Global Population Growth
	Mitigation behavior, r = 0.21, N = 300, p < 0.001, and precautionary control, r = 0.29, N = 300, p < 0.001, were both positively correlated with overall perceived risk. There was also a significant difference between the mean score for mitigation behavior and precautionary control, t(299) = 13.74; p < 0.001 (95%CI: 1.41 to 1.88). This latter finding provides some indication that, in order to help cope with the potential effects of GPG, the respondents may have been more willing to change their behavior than to support precautionary actions to limit GPG. However, we present this inference with some caution because it is possible that the scores on some items (e.g., voting, paying taxes) may have also reflected the respondents’ lower willingness to change certain generic behaviors that relate to strong personal values (e.g., change political allegiance, volunteer to pay more taxes) rather than to the specific issue of GPG.
	In light of the professed importance of embracing mitigation behaviors and/or preventative measures to address the challenges of GPG (see Section 1.3), we performed two regressions, with ‘mitigation behavior’ and ‘precautionary control’ as the respective outcome variables. In both cases the same predictor and control variables from the earlier regression were included (coefficients shown in Table V). Mitigation behavior was found to be positively related to geo-social distance and negatively related to age. In light of our earlier finding that age was positively related to overall perceived risk, we considered the possibility that age may moderate the positive correlation between perceived risk and mitigation behavior. This was confirmed by a moderation analysis using the SPSS macro PROCESS.(59) This analysis revealed that for younger respondents there was a non-significant positive relationship between overall perceived risk and mitigation behavior (b = 0.131, 95%CI [-0.050, 0.312], t = 1.424, p = 0.155). However, when age was at the mean (b = 0.274, 95%CI [0.132, 0.416], t = 3.796, p < 0.001) or at a high level (b = 0.417, 95%CI [0.204, 0.630], t = 3.854, p < 0.001) there was a significant positive relationship between overall perceived risk and mitigation behavior. In other words, the positive relationship between a respondent’s level of perceived risk and their willingness to adopt mitigation behaviors was increasingly evident as age increased, with older (younger) respondents who held low (high) levels of perceived risk being the least (most) willing to adjust their behaviors.
[Insert Table V about here]
3.2.3. Opinions
	Agreement amongst respondents that GPG is attributable to technological and medical advancements (M = 7.82, SD = 1.95) was significantly greater, ts(296-299) ≥ 6.37; ps < 0.001, than for all of the other four potentially influential factors (i.e., family planning access, M = 6.68, SD = 2.44; religious discouragement of contraceptives, M = 6.0, SD = 2.55; women’s rights, M = 5.29, SD = 2.64; desire for reproduction and longevity, M = 6.91, SD = 2.15). Moreover, agreement that GPG is attributable to a lack of equal opportunities for women was significantly lower, ts(294-297) ≥ 4.74; ps < 0.001, than for all of the other four factors (Bonferroni corrections, p = 0.05/4 = 0.0125, were employed for all tests). This latter finding points towards the possibility that our respondents may have had a limited appreciation of the extent to which a lack of equal opportunities for women can drive population growth. Hence, improving public understanding of the relationship between women’s rights and population growth could be an important goal for parties that wish to increase public support for addressing either or both of these issues.
4. DISCUSSION
	Generally, our respondents perceived GPG as a moderate-to-high risk, with the foremost concerns being about the increased likelihood of ecological damage, resource shortages and violent conflict. These levels of concern existed despite respondents’ relatively low levels of knowledge of population size and growth statistics. Respondents also tended to believe that the worst effects of GPG would arrive around the middle of the 21st century and be experienced by the world’s poorest people. Perceptions of the risk associated with GPG tended to increase with age but, more so, with increases in personal experiences of changes that could be attributed to local/national population growth. As previously observed in studies in other domains, higher levels of perceived risk associated with GPG were also associated with a greater willingness to employ mitigation and preventative actions. Specifically, our results suggest that the respondents may have been more in favor of employing mitigation behaviors to cope with the potential effects of GPG than providing personal support for measures to reduce population growth. Moreover, the positive correlation between risk perceptions and willingness to adopt mitigation behaviors was moderated by age, with the older respondents who had relatively low risk perceptions being the least willing to adjust their behaviors.  
	Just under half of the respondents held negative affective associations with GPG. Consistent with the issues highlighted by the literature, these negative associations were primarily characterized by concerns that the human population is too large and/or growing too fast and/or that this increases the likelihood of adverse events such as famines, environmental degradation and resource shortages. Just over half of the respondents held more neutral affective associations, but their mean overall perceived risk score exceeded 6.5, suggesting that they were still concerned about the issue. This data points towards the possibility that such concerns can be encoded via deliberative rather than affective cognitions, highlighting a potential avenue for future research in which affective and deliberative representations of the perceived risks are examined in greater detail. Moreover, the data we obtained that assessed affective responses to GPG provides some indication that the proportion of the UK population that holds positive affective views of GPG may be negligible. However, because we did not employ any closed-ended items that gave respondents the opportunity to indicate any positive perceptions of GPG, we do not have any direct evidence of the positive views of GPG might exist.
	Our results show that there is substantial scope for improving the extent to which lay individuals are aware of population size and growth statistics. Despite allowing broad tolerances for determining the correct answers to our questions about these statistics, the proportion of respondents with correct answers was relatively low. Similarly, a study by Meffe also suggests that accurate knowledge of the global population size and growth rate is typically not widespread.(60) Interestingly, we found that knowledge levels were not related to the quantity of information that respondents had received, suggesting that the information which has been available in the UK may not have effectively communicated the relevant statistics. Ensuring that individuals have a veridical understanding of population growth statistics may seem far less relevant than ensuring that people understand the potential effects of population growth. However, without a veridical awareness of the size and growth data, future changes in size and growth may have little meaning to those who had little understanding of past statistics. It has been argued that apathy towards the extent to which such statistics relate to anthropogenic stressors in social, natural and climatic contexts could attenuate the motivation to adopt precautionary actions.(6,60) Future studies aimed at better understanding the causes of such apathy or of limited awareness might further explore why our results showed that statistical knowledge tended to be lowest among respondents who were older or female.
	A large proportion of respondents believed that: (a) the worst effects of population growth are yet to come, (b) national governments (cf. individuals or communities) are best placed to address the issue, and (c) that national governments are not doing enough to address GPG. Taken together, these findings suggest that our respondents hold concerns about the potential future adverse effects of GPG and believe that those best equipped to tackle the issue (i.e., governments) are not taking sufficient action. An obvious inference to make from these findings is that governments should do more to address GPG and, in doing so, would receive public support. Yet, paradoxically, our study only found moderate willingness to: (i) vote for political parties that would work towards reducing GPG, and (ii) pay more taxes to support efforts to reduce GPG. These findings may be of particular concern to groups that wish to see greater governmental action on population growth because, in the absence of public support for politically-driven efforts to address GPG, policy makers operating in democratic systems may have little incentive to take substantial action. Hence, these groups may need to increase public awareness of the important role that individual/voter support can play in motivating political action to address GPG. 
Importantly, our study identified that the willingness to change behavior was positively associated with risk perceptions. For parties interested in tackling the challenges of GPG via behavioral change, this finding sheds some light on a potentially fruitful mechanism for motivating action. However, deliberately raising public risk perceptions, with a view to provoking behavioral change, has several potential pitfalls and may be ethically questionable. For example, a failure to communicate an evidence-based and balanced view of the risks, benefits and uncertainties of GPG could lead to criticism and distrust of the communicator and, therefore, dismissal of the intended message.(61) Similarly, provoking heightened risk perceptions through ‘fear appeals’ can result in defensive avoidance of the message.(62,63) However, this does not suggest that people should be discouraged from considering the potential adverse consequences of GPG. Rather, it suggests that care is needed in selecting the content of risk communications so that trust between all parties is maintained/developed and the recipient is not misled, thus, enabling informed decisions.
4.1. Limitations and Future Directions
	There are some limitations to our study. First, while our sample was demographically representative of the UK population, the sample size does restrict the extent to which the findings can be considered representative of the whole population.(64) Nonetheless, the confidence intervals do indicate that we can be 95 percent confident that our sample means lie within the population means. Second, it should be acknowledged that the respondents’ risk perceptions may have been influenced by the relatively recent publicity concerning GPG(65) and, therefore, future studies might examine the influence of such publicity on perceptions of GPG. Third, we found that risk perceptions of GPG are positively correlated with personal experiences that could be attributed to local and/or national population growth. We suggested that this association may have arisen because these localized changes are construed negatively and, therefore, are used as an indicator of the extent to which the effects of future GPG may also be negative. However, we recognize it is also possible that individuals who perceive GPG as a greater risk may be more sensitive to perceiving such localized changes (a case of ‘believing is seeing’ rather than ‘seeing is believing’). Both interpretations could be explored in future research, for example, by comparing perceptions between countries in which the population is growing (e.g., the U.K.) and countries in which it is declining (e.g., Japan). Fourth, in recognition that ‘correlation does not prove causation,’ the associations identified in our analysis should be investigated further with a view to identifying more potential moderating or mediating mechanisms. For example, while we identified that age moderates the relationship between risk perceptions and willingness to adopt mitigation behaviors, it remains unclear as to why this is the case. Similarly, our regression model only accounted for approximately 19% of the variance in perceived risk, so there is clearly scope to identify other factors that account for the variance. Fifth, we elected to specifically study the perceived risk of GPG with a view to better understanding public concerns about GPG and the potential implications of such perceptions. We recognize that by focusing solely on perceive risk as a potential antecedent of behavioral change our study does not account for all factors (e.g., perceived benefits of GPG, choice architecture, uncertainties in scientific projections) that might influence GPG-related behaviors, nor does our study examine the potential influence of question framing (e.g., ‘GPG will adversely affect others more than me’ vs. ‘GPG will adversely affect me more than others’) on the results obtained. Finally, in light of the far reaching and potentially inequitable effects of GPG, it would also be a valuable exercise to assess risk perceptions using cross-national comparisons to assess the possible influence of national wealth, cultural values and other variations in national population demographics (e.g., rate of growth/decline, population density).
5. CONCLUSION
	Numerous studies and academic papers highlight a mounting concern that GPG may increase the probability of a range of adverse and potentially catastrophic events. Efforts to minimize these probabilities may depend, as is implied by our findings, on the extent to which (a) individuals perceive GPG as a factor that could generate such adversity and (b) these perceptions motivate individuals to embrace mitigation or precautionary actions. Hence, developing an empirically informed understanding of the perceived risk of GPG is a pressing goal. Our study has taken the first step towards this important task and highlights a number of key avenues for future research.
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FOOTNOTES

1. A respondent’s number of children was included in the regression because some scholars and groups have implied that having a larger number of children may be indicative of relatively low levels of concern about the potential adverse effects of GPG.(6,58)
2. An ANCOVA revealed that, even when controlling for age, overall perceived risk did not vary significantly according to a respondent’s number of children,  F(3, 288) = 0.75; p = 0.53: no children (M = 6.6, SD = 1.84), one child (M = 6.82, SD = 1.71), two children (M = 7.23, SD = 1.85), three or more children (M = 6.91, SD = 1.62). 

TABLES
Table I. Demographic Characteristics of Sample (N = 300)
	Characteristic
	
	%
	Characteristic
	
	%

	Gender
	Male
	51
	Employment Status
	Working full-time
	42

	
	Female
	49
	
	Working part-time
	13

	
	
	
	
	Self-employed (full or part-time)
	7

	Age
	18-24
	12
	
	Student
	6

	
	25-34
	14
	
	Retired
	26

	
	35-44
	11
	
	Unemployed
	2

	
	45-54
	21
	
	Permanently sick or disabled
	2

	
	55-64
	20
	
	Homemaker
	2

	
	65-74
	14
	
	Other
	>1

	
	75 and older
	9
	
	
	


Note: Percentages may not total to 100 due to decimal rounding.
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Table II. Mean responses to questions concerning perceptions, experiences and knowledge of GPG, and willingness to adopt mitigation and precautionary behaviors.
	Scale label
	Scale reliability
(Cronbach’s α)
	Item response option
	Item
	Mean (SD)

	
Overall perceived risk
(n = 299-300)

	
0.92
	
11-point scale:
0 = not at all,
10 = extremely
	Concerned about increased violent conflicts
	7.35 (2.30)

	
	
	
	Concerned about increased disaster deaths
	6.62 (2.37)

	
	
	
	Concerned about increased ecosystem damage
	7.53 (2.18)

	
	
	
	Concerned about increased species extinction
	7.27 (2.36)

	
	
	
	Concerned about increased energy shortages
	7.26 (2.23)

	
	
	
	Concerned about increased food/water shortages
	7.40 (2.12)

	
	
	
	Concerned about increased climate change
	6.86 (2.34)

	
	
	
	Fearful of GPG
	5.65 (2.70)

	
	
	
	Worried about GPG
	6.17 (2.58)

	
Geo-social distance
(n = 296–298)
	
0.86
	
11-point scale:
0 = completely disagree,
10 = completely agree
	Global population growth will adversely affect other people more than me
	7.40 (2.29)

	
	
	
	Global population growth will adversely affect other communities more than my local community
	7.24 (2.15)

	
	
	
	Global population growth will adversely affect other countries more than my country of residence
	7.21 (2.22)

	
Mitigation behavior
(n = 298–300)
	
0.84
	
11-point scale:
0 = completely unwilling,
10 = completely willing
	Reduce consumption of food and water
	6.67 (2.47)

	
	
	
	Reduce amount of travel via fossil fuel-powered vehicles
	6.53 (2.43)

	
	
	
	Reduce quantity of material goods purchased
	6.68 (2.27)

	
	
	
	Reduce consumption of products and services that are unfriendly to the environment
	7.34 (2.15)

	
Precautionary control
(n = 294–300)
	
0.78
	
11-point scale:
0 = completely unwilling,
10 = completely willing
	Donate money to charity that works to reduce global population growth
	5.93 (2.73)

	
	
	
	Pay more taxes to reduce global population growth
	4.49 (2.87)

	
	
	
	Vote for political party that would spend more public money on reducing global population growth
	5.10 (2.68)

	Direct experience
(n = 297–300)
	0.75
	11-point scale:
0 = completely disagree,
10 = completely agree
	The population of England/Northern Ireland/Scotland/Wales has increased substantially during the time I have lived here
	7.54 (2.22)

	
	
	
	The population of the village/town/city that I currently live in has increased substantially during the time I have live here
	6.33 (2.88)

	
	
	
	During the last 10 years I have noticed an increase in the number of houses, shops, offices, etc. in the area(s) where I live
	7.08 (2.48)

	
	
	
	During the last 10 years I have experienced an increase in congestion in public spaces
	7.09 (2.54)





Table III.  Correlations between Assessed Variables (n = 273, using listwise deletion)

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	1. Overall perceived risk
	1
	
	
	
	
	
	
	
	
	

	2. Affective responses
	.250***
	1
	
	
	
	
	
	
	
	

	3. Geo-social distance
	.220***
	.065
	1
	
	
	
	
	
	
	

	4. Temporal distance
	.110*
	.145**
	.073
	1
	
	
	
	
	
	

	5. Knowledge
	-.041
	.022
	.001
	-.048
	1
	
	
	
	
	

	6. Information exposure
	.066
	.034
	.086
	.040
	.051
	1
	
	
	
	

	7. Experience
	.296***
	.146**
	.052
	.130*
	-.106*
	.030
	1
	
	
	

	8. Number of children
	.057
	.107*
	.013
	.118*
	-.114*
	.049
	-.019
	1
	
	

	9. Age
	.171**
	.112*
	.044
	.023
	-.214***
	.094
	.004
	.471***
	1
	

	10. Gender
	-.015
	.093
	-.019
	-.055
	.360***
	.022
	-.020
	-.064
	-.143**
	1


* p < 0.05; ** p < 0.01; *** p < 0.001
Note that temporal distance was scored so that higher scores indicated the more proximate/closer the perceived adverse effects of GPG. Affective responses and gender were coded as binary variables: affective responses (0 = neutral, 1 = negative) and gender (0 = female, 1 = male).


Table IV. Regression of Assessed Variables on Overall Perceived Risk (n = 273, using listwise deletion)
	
	Unstandardized coefficients
	Standardized coefficients

	
	b
	              SE
	β

	Affective responses
	.595
	.189
	.181**

	Geo-social distance
	.153
	.047
	.183**

	Temporal distance
	.066
	.100
	.038

	Knowledge
	.029
	.114
	.015

	Information exposure
	.026
	.069
	.021

	Experience
	.220
	.049
	.255***

	Number of children
	-.052
	.082
	-.040

	Age
	.015
	.006
	.161*

	Gender
	-.023
	.197
	-.007

	R2
	
	
	.191

	F(9,263)
	
	
	6.91***


* p < 0.05; ** p < 0.01; *** p < 0.001
Variance inflation factor (VIF) and tolerance statistics showed no evidence of multicollinearity. Continuous predictor variables were scored so that higher numerical values corresponded with higher levels on that construct (e.g., higher scores for geo-social distance indicated higher perceived geo-social distance of adverse effects of GPG). Note that temporal distance was scored so that higher scores indicated the more proximate/closer the perceived adverse effects of GPG. Affective responses and gender were coded as binary variables: affective responses (0 = neutral, 1 = negative) and gender (0 = female, 1 = male).


Table V. Regressions of Assessed Variables on Willingness to Adopt Mitigation Behaviors and on Willingness to Support Precautionary Controls (n = 273, cases deleted listwise)
	
	Adopt mitigation behaviors
	Support precautionary controls

	
	Unstandardized coefficients
	Standardized coefficients
	Unstandardized coefficients
	Standardized coefficients

	
	b
	SE
	β
	b
	SE
	β

	Affective responses
	-.166
	.226
	-.045
	.107
	.282
	.024

	Geo-social distance
	.186
	.056
	.196**
	.089
	.070
	.078

	Temporal distance
	-.117
	.119
	-.059
	.038
	.149
	.016

	Knowledge
	-.040
	.136
	-.019
	-.101
	.171
	-.040

	Information exposure
	.119
	.083
	.086
	.183
	.103
	.109

	Experience
	.112
	.059
	.115
	-.046
	.073
	-.039

	Number of children
	.004
	.098
	.003
	-.055
	.122
	-.031

	Age
	-.018
	.007
	-.169*
	.006
	.009
	.049

	Gender
	-.404
	.236
	-.109
	-.197
	.295
	-.044

	R2
	
	
	.097
	
	
	.029

	F(9,263)
	
	
	3.144**
	
	
	.811


* p < 0.05; ** p < 0.01.    VIF and tolerance statistics showed no evidence of multicollinearity.


FIGURES
Figure 1. Perceived temporal distance of the potential adverse effects of global population growth (N = 300). Respondents were asked “When, if at all, do you think that the worst effects of global population growth will be experienced by humanity?”

Figure 2. Beliefs about which entity (individuals, communities, governments, or all equally) has the greatest ability to influence global population levels (n = 298). 



Figure 3. Opinions about some of the causes, effects and behavioral responses to global population growth (n = 294–299). Responses were recorded on an 11-point scale where 0 = completely disagree and 10 = completely agree.



Series 1	Individuals	Communities	Governments	All equally	82	61	150	5	
Number of Respondents

Series 1	6.0
Global population growth is attributable to the human desire to repoduce and live long	Global population growth is attributable to a lack of equal opportunties for women	Global population growth is attributable to the religious discouragement of contraceptives	Global population growth is attributable to the failure of governments to provide adequate family planning education and contraceptives	Global population growth is attributable to technological and medical advancements that increase adult longevity and reduce infant deaths	It is important to consider the size of the global population when deciding how many children to have	Environmentally-friendly behaviors are a better means of protecting the environment than trying to limit the size of the global population 	Global population growth will have a worse effect on the world's poorer people than on the world's richer people	6.91	5.29	6	6.68	7.82	6.16	6.44	8.58	

Series 1	Have already passed	Are being felt now	In 25 years from now	In 50 years from now	In more than 50 years from now	Will never be felt	Don't know	3	27	139	82	34	10	5	
Number of respondents

