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Civil engineering students’ beliefs about the technical and social 

implications of global warming and when global warming will 

impact them personally and others 

Abstract 

 

The United Nations recognizes reducing the effects of global warming as a Sustainable 

Development Goal (SDG) (#13). This goal is interconnected and critical to improving health and 

education, reducing inequality, and spurring economic growth globally. Civil engineers will play 

a vital role in meeting this goal. To understand how civil engineering students perceive global 

warming, we surveyed a national sample of civil engineering students in their final semester of 

college (n = 524). We asked them (a) if they recognize both the technical and social issues 

associated with global warming and (b) when they believe global warming will start to have a 

severe effect on themselves, others, and the planet. Civil engineering students are significantly 

more likely to recognize the technical issues associated with global warming than social issues. 

In particular, the majority of students understand global warming is an immediate issue for the 

environment, engineering, health, and science, but less than half recognize global warming 

presents social justice, poverty, and national security issues. Moreover, civil engineering students 

hold an inverse relationship between spatial distance and the timing of the effects of global 

warming. The majority of students believe global warming is currently having a severe impact 

on plant and animal species, the environment, people in developing countries, and the world's 

poor but do not recognize themselves in this group. Instead, civil engineering students 

predominantly believe the effects of global warming will start to have a serious impact on 

themselves, their family, and people in their community in 25 to 50 years. These results are 

troubling because if those beliefs translate into students waiting to address climate change for 

another two to five decades locks in more emissions and increases the chance of future and more 

severe global humanitarian crises. Educational interventions are needed to change these 

perspectives about time and impact.  

Introduction 

 

Climate change caused by humans is irreversibly affecting future generations and is one of the 

most urgent issues facing society [1]–[3]. The effects of climate change are already reducing 

global food production and water supplies, increasing sea level rise, and ocean acidification [4]. 

The majority of greenhouse gas emissions contributing to climate change are from the built 

environment. Residential and commercial buildings account for nearly 40 percent of total U.S. 

greenhouse gas emissions [5], and the transportation sector contributes about 30 percent of total 

U.S. greenhouse gas emissions [6].  

Civil engineers who support the design and construction of these physical systems need to play a 

more central role in helping reduce greenhouse gas emissions and preparing for its effect on 

society. The impact of climate change is both technical and social. For example, civil engineers 

need to use stronger materials to combat roadway buckling from increased temperatures, 

washouts from precipitation, and settling from thawing permafrost [7]. Smart infrastructure is 

also needed to better detect air quality challenges and combat polluters [8], [9]. Communities are 

also feeling the social impact of climate change. For example, residents in Louisiana and 



 

Maryland are leaving their homes and retreating inland to escape rising floodwaters [10], [11]. 

Additionally, the U.S. Military is concerned about climate change because of increased human 

migration and the risk of geopolitical war [12].  

The issue of climate change is inherently a challenge for sustainability, broadly defined as 

meeting the “needs of the present without compromising the ability of future generations to meet 

their own needs”[13] and recognized in the most recent United Nations (UN) Sustainable 

Development goals. The effects of climate change will undoubtedly make many of the UN 

Sustainable Development goals more challenging to meet.  

Education in civil engineering should represent these dynamic challenges spanning both 

technical and societal problems [14]. Engineers exposed to issues related to global warming and 

its effect on climate change through education are more likely to want to address these issues in 

their careers [15], [16]. How educators expose students to problems related to climate change 

may influence what technical or social aspects they want to address. For example, recognizing 

the social implications of climate change and its impact on sustainability leads to wanting to 

address these issues [17]. Students interested in social sustainability topics like ensuring 

opportunities for future generations, economic equality, and quality of life, are more likely to be 

female, non-White, and speak English not as their first language [18]. In other words, presenting 

both the social issues related to climate change to engineering students may help attract a more 

diverse and underrepresented group of students to tackle these challenges in the future.  

In addition to recognizing the technical and social implications of climate change, students also 

need to acknowledge the temporal (e.g., this decade compared to a century from now) and spatial 

(friends and family compared to only people in developing countries) effects of climate change 

that is occurring all around them. Greater temporal and spatial distance about the impacts of 

climate change leads to less support for mitigation efforts [19]. Recognizing the effects of 

climate change are already causing challenges for infrastructure is especially critical for civil 

engineering students whose future design decisions can make our built environment and citizens 

more or less vulnerable to climate change. It is not just enough to recognize both the technical 

and social issues but realize the need to address these challenges now [20], [21]. 

The purpose of the research presented in this paper is to measure how civil engineering students 

perceive climate change as either a technical or social issue and how civil engineering students 

perceive the temporal and spatial distance of the effects of climate change on themselves, others, 

and the planet. The background provides a summary of recent literature about education related 

to climate change and the consequences of perceived temporal and spatial distance to address 

climate change. The research questions follow, and the methods explain the data collection 

process. The results and discussion offer new insight into the perceptions of climate change 

among civil engineering students nationally and highlights the need to change perceptions of 

climate change among students in undergraduate civil engineering programs.  

Background 

 

Only half of the students interested in studying civil engineering believe in human-caused 

climate change [22]. Understanding perceptions of climate change is critical to motivating 

successful adaptation and mitigation efforts [23], [24]. Opinions about climate change are 



 

inherently difficult to change, in part, because the concept is challenging to understand [25] and 

is susceptible to systematic misconceptions [26], [27]. For example, students with the highest 

general science literacy are not necessarily the most concerned about climate change [28], [29]. 

Students must recognize the mechanisms driving climate to believe in its long-term effects [30], 

[31]. 

How students learn about climate change can also affect their perceptions. Educational 

interventions are widespread [30] and studies in classrooms [32] and outside school [33] have 

examined whether specific interventions can lead to improved understanding of climate change. 

For instance, students interacting with scientists to explore local climate conditions and collect 

data [34] or implementing an energy conservation program in their school [35]. Programs that 

focus on the personally relevant and meaningful information and activities that engage learners 

are more effective than merely presenting the facts and also the actions [36].   

Understanding how climate change is a social issue, not just a technical issue, can help change 

motivation to take action. For example, focusing on the positive effects on society rather than 

averting climate risks on the environment can increase willingness to adopt mitigation measures 

[37], [38]. Social factors such as the process and culture of education can shift willingness to 

adopt mitigation measures for climate change [17]. However, focusing on the social implications 

of climate change is only helpful if students see themselves and their community as likely to be 

affected. Lack of personal risk perception of climate change is a barrier to taking action [39]. 

Also, greater psychological distance from the problem is associated with less concern about 

climate change [19]. People who hold higher levels of personal responsibility also hold temporal 

and spatial perceptions about climate change that are consistent with science [40]. 

Understanding the immediate effects of climate change is especially critical for students studying 

civil engineering because these students’ decisions in their careers will lock in energy use for 

decades. Civil engineering students will make forward-looking decisions in their careers that not 

only account for current costs but also more accurately weigh future consequences of their 

choices on community well-being and quality of life. Unfortunately, too many decisions about 

infrastructure are overly nearsighted and are suboptimal for community well-being and quality of 

life [41]–[45]. These decisions may be reflective of the beliefs and perceptions of the nation. 

Only half of the people in the U.S. believe global warming is harming people in this country, and 

less than half believe global warming will harm them personally [46]. In other words, there are 

less perceived repercussions for short-term decisions.  

Students that believe the effects of climate change as either too far in the future or not related to 

them or their community [47] may be more likely to discount the benefits. For example, to 

extend floodplains in response to rising sea levels because the future benefits in reduced storm 

damage will not be realized for generations to come [48]. Thus, they value these decisions with 

some excessively discounted rate [49].  

Research Questions 

 

The purpose of this study was to understand how civil engineering students perceive climate 

change as a technical or social issue and when they believe the effects of climate change will 

start to have a serious impact on themselves, others, and the planet. The research questions are: 



 

1. Do civil engineering students recognize both the technical and social issues associated 

with global warming?   

2. When do they believe global warming will start to have a serious effect on themselves, 

others, and the planet? 
 

Methods 

 

A national sample of senior engineering students completed a survey in Spring and Fall of 2019. 

The sampling frame included four-year institutions chosen from the National Center for 

Education Statistics institutional database. A stratified random list was created by categorizing 

institutions by undergraduate engineering enrollment, including small (< 5,400), medium (5,400-

14,800), and large institutions (> 14,800). Capstone instructors at the institution selected at 

random were contacted and asked to distribute the survey. A total of 83 capstone instructors 

distributed surveys to students in their class. No incentives were given to students for completing 

the survey. Capstone instructors received paper surveys by mail, along with instructions to 

distribute the surveys to their class. Sixty-six instructors responded with completed surveys for a 

total sample of n = 4,605 senior engineering students. A total of 636 students from our sample 

were civil engineering students. Of those 636 students, 524 were retained as completed cases for 

the purposes of the analyses. 

 

Survey questions and analyses 

 

We used two questions from the survey to understand whether civil engineering students 

recognize both the technical and social issues associated with global warming and when students 

believe global warming will start to have a severe effect on themselves, others, and the planet. 

These questions were: 

1. I believe that global warming is a(n)… environmental issue, religious issue, social justice 

(fairness issue), political issue, scientific issue, engineering issue, health issue, economic 

issue, national security issue, agricultural (farming, food) issue, or poverty issue. The 

options were an anchored numeric five-point rating scale from 0-"Strongly disagree" to 

4-"Strongly agree." 

2. Global warming will start to have serious impacts on...me personally, my family, people 

in my community, people in the United States, people in other modern industrialized 

countries, people in developing countries, plant and animal species, the world’s poor, and 

the natural environment. The options were categorical: now, 10 years, 25 years, 50 years, 

and never.  

 

We removed students who skipped more than 10 percent of the total questions and students who 

did not answer either of these two specific questions on the survey from the analysis. The final 

number of civil engineering students included in the study was 524.   
 

To understand whether civil engineering students recognize both the technical and social issues 

associated with global warming, we created two separate consolidated factors with exploratory 

factor analysis (EFA). The results of the EFA for items related to the first research question–

what kind of issue is global warming–generated two factors with six survey items loading on 

factor one and five items loading on factor two. We called these two factors "technical issues" 

and "social issues," respectively. The technical issue items were environmental, scientific, 



 

engineering, health, economic, and agricultural. The social issue items were religious, social 

justice, political, national security, and poverty. The factor loadings are reported in Table 1. The 

Root Mean Squared Error of Approximation for the model is 0.085, and the Tucker-Lewis Index 

is 0.935, which suggests a moderate to a good fit of the model. 

 

Table 1. Factor loading variance explained 

   Factor 1  Factor 2  Uniqueness  

Environmental 
 

0.776  
 

.  
 

0.460  
 

Religious 
 

.  
 

0.679  
 

0.638  
 

Social justice 
 

.  
 

0.744  
 

0.451  
 

Political 
 

.  
 

0.403  
 

0.669  
 

Scientific 
 

0.879  
 

.  
 

0.300  
 

Engineering 
 

0.903  
 

.  
 

0.204  
 

Health 
 

0.705  
 

.  
 

0.328  
 

Economic 
 

0.563  
 

.  
 

0.367  
 

National security 
 

.  
 

0.605  
 

0.463  
 

Agricultural 
 

0.686  
 

.  
 

0.380  
 

Poverty 
 

.  
 

0.689  
 

0.409  
 

 

With these two factors, we calculated a "technical issue" score and a "social issue" score for each 

respondent by taking the arithmetic mean of all of the individual items in the factor. In addition 

to comparing social and technical issues, we also report student responses for each item. 

Reporting items individually enables more insight into the particular items that students associate 

with global warming.  

 

To understand when students believe global warming will start to have a serious effect on 

themselves, other humans, and the planet (research question two), we examined the distributions 

of civil engineering student beliefs for each of the items in the question. We also clustered 

students into several groups based on their patterns of beliefs. By patterns of belief, we mean a 

consistent collection of beliefs about when, if at all, global warming may affect different groups. 

These patterns of belief allowed us to identify popular sets of beliefs among civil engineering 

students regarding the potential spatial and temporal effects of global warming. For example, 

whether students who believe global warming will have an impact on them personally in 50 

years also believe global warming will affect people in other modern industrialized countries 

similar to themselves.  We clustered students to identify patterns of beliefs about when and 

where global warming may affect each item. 

 

We performed this cluster analysis in multiple steps. To start, we recoded the answers to the 

survey items transforming them from a five-point scale to three-point trichotomous variables. 

Responses of “now” or “10 years” were grouped as one variable (treated as “sooner”). Responses 

of “25 years” or “50 years” were grouped as one variable (treated as "later"). Finally, responses 

of “never” formed the third group.  

 

Next, with these three response options for each of the nine survey items, we performed a two-

step process of (1) dimension reduction followed by (2) clustering. We used a uniform manifold 

approximation and projection (UMAP) algorithm [50] to reduce the data to a two-dimensional 



 

embedding space. This step enabled more meaningful results for the clustering calculations. 

After projecting the data to the lower-dimensional embedding space, we then used hierarchical 

density-based spatial clustering for applications with noise (HDBSCAN) [51] to cluster the 

student responses. We set the group size parameter as a minimum of 25 points for groups. This 

parameter was optimized for maximizing the internal consistency of the members of each cluster 

while also minimizing the number of data points treated as outliers. 
 

Results 

 

The results indicate that civil engineering students believe global warming is more of a technical 

issue (Mean = 3.25, SD = 0.84; where 0 is strongly disagree, and 4 is strongly agree) than a 

social issue (Mean = 2.04, SD = 1.05). Figure 1 shows the distribution of scores. The social issue 

scores appear normally distributed with floor and ceiling effects. In contrast, the technical issue 

score sample distribution has a negative skew. 
 

 

Figure 1: Histograms of students who strongly disagree (0) to strongly agree (4) global warming 

is a social issue (left) and technical issue (right).  

 

The majority of students strongly agree that global warming is an environmental, scientific 

engineering, health, economic, and agricultural issue, but less than a quarter believe global 

warming is an issue related to social justice, national security, or poverty. The percent frequency 

for each item is provided in Table 2. 
 

Table 2: Percent frequency of responses for each item 

 

Item 

0-Strongly disagree  

(%) 1 2 3 

4-Strongly agree 

(%) 

T
ec

h
n
ic

al
 

Environmental 1.9 1.0 5.5 19.8 71.8 

Scientific 3.4 2.1 7.6 24.0 62.8 

Engineering 2.7 2.7 9.9 24.8 59.9 

Health 5.2 5.5 12.8 26.7 49.8 

Economic 5.9 9.7 16.8 26.1 41.4 

Agricultural 4.0 3.2 14.3 28.8 49.6 



 

S
o
ci

al
 

Religious 51.3 17.6 14.3 6.3 10.5 

Social justice 25.2 11.5 21.8 19.5 22.1 

Political 10.7 7.1 14.5 25.8 42.0 

National 

security 
16.2 15.8 28.4 15.5 24.0 

Poverty 18.3 14.5 25.0 18.3 23.9 

 

Civil engineering students believe the effects of global warming as having an immediate impact 

on the natural environment and plant and animal species while potential effects on themselves 

and their more proximate communities later, if ever. The general trend is an inverse relationship 

between spatial effects and the timing of those effects (i.e., the further away the target group is 

from the student, the closer in time global warming will affect that group). The percent 

frequency for each item and time is provided in Table 3. 

 

Table 3: Percent frequency civil engineering students believe global warming will have an effect 

on themselves, others, and the planet 

Item Now (%) 10 yrs 25 yrs 50 yrs Never (%) 

me personally 21.9 23.1 26.1 17.2 11.6 

my family 19.3 23.5 27.7 19.8 9.7 

people in my community 21.0 25.0 27.7 17.9 8.4 

people in the United States 24.4 26.1 23.7 18.9 6.9 

people in other modern industrialized 

countries 

28.2 25.8 22.7 17.0 6.3 

people in developing countries 36.6 24.0 17.2 15.8 6.3 

plant and animal species 53.6 18.7 12.6 9.9 5.2 

the world’s poor 40.6 25.4 14.1 12.4 7.4 

the natural environment 58.0 15.3 11.5 10.7 4.6 
 

The percent frequency does not explain patterns of beliefs between items. So, to better 

understand how students view multiple items, we used the two-step clustering technique 

described in the methods section. There are six distinct clusters with six different kinds of belief 

patterns about global warming. Table 4 summarizes these clusters with short descriptions and the 

number of students in each group. 

 

The largest group of students consistently believes that global warming is affecting each of the 

target groups now or within the next 10 years. We call this the “here and now” group. The 

second-largest group of students is the “down the road” cluster. These students consistently said 

that global warming would affect each of the listed categories but not within the next 25 years. 

The smallest cluster of students is the “humans exceptionalist” cluster. This group of students 

believed plants, animals, and the environment are currently being affected by global warming, 

and eventually, human communities will be affected, regardless of socioeconomic or 

geographical status. The “industrialized bubble” cluster included more than double the number 



 

of students in the “humans exceptionalism” cluster. The “industrialized bubble” cluster believes 

global warming is affecting everything except people in industrialized countries. Students 

expressing this belief pattern do think that global warming will eventually affect people in 

industrialized countries as well. Cluster four is the “personal bubble” cluster. This group believes 

global warming is affecting everything except the small bubble of people and communities 

around them, but eventually (in 50 years) it will affect them, too. Cluster five is the denial group. 

These students do not believe global warming will affect most or all of the categories listed, ever. 

They stand in stark contrast to the “here and now” group, which is on the other end of the 

spectrum, as mentioned above.  
 

Table 4: Student clustered by their patterns of beliefs about global warming 

Belief pattern name Description 
No. of 

students 

Down the road Global warming will affect all categories listed later 109 

Humans 

exceptionalism 

Global warming is affecting plants, animals, and the 

environment now and will affect all human groups later 
30 

Industrialized 

bubble 

Global warming is affecting the poor, developing countries, 

and non-human groups now, and will affect people in 

industrialized countries, including themselves, later 

67 

Personal bubble 

Global warming is affecting everything outside their 

egocentric networks (e.g., family and community) now and 

will eventually affect those networks as well 

48 

Denialists 
Global warming is not and never will affect most or all of 

the listed categories 
46 

Here and now 
Global warming will affect all of the groups within the next 

ten years 
217 

Unclassified 
These were outliers who did not exhibit one of the six 

distinct belief patterns 
7 

Total  524 

 

Discussion 

 

Given engineering education requires a strong foundation in technical problem solving, the 

finding that civil engineering students see global warming more of a technical than social issue is 

not surprising. However, engineering students who recognize that engineering addresses societal 

challenges are more likely to represent minority groups within engineering [52]. These students 

are also more likely to want to address broad issues related to sustainability in their careers [18]. 

Helping civil engineering students recognize the social implications for global warming may 

help attract a more diverse group of students to tackle these challenges in the future. Also, 

framing global warming about the societal impact rather than just as an environmental or 

engineering problem may help change beliefs and motivation [37], [38].  

 

The largest cohort of students (217 students) recognize that global warming is affecting 

everything–themselves, others, and the planet. Although, the cohort students in the “down the 

road,” “humans exceptionalism,” “industrialized bubble,” and “personal bubble” make up the 

majority of the students in the sample population (254 students) and believe that global warming 

will not affect themselves or people like them for decades. This belief is similar to the general 



 

public's view of global warming in the United States [46], [53]. This belief is also similar to 

ideas among middle school students who see themselves removed from the natural environment 

and the effects of global warming [54]. Civil engineers should play a more active role in 

addressing climate change as a result of global warming, and this requires recognizing the 

temporal scale of the effects of global warming concerning the infrastructure they design and 

construct [22] 

 

Civil engineering design decisions today and in the near future will lock in energy consumption 

and carbon emissions for generations to come because of the long life span of infrastructure and 

development around infrastructure once it is built [55], [56]. Students entering the workforce, 

therefore, must make forward-looking decisions about future conditions. Recognizing that global 

warming will have both immediate and future effects is necessary for design [57], [58]. Beliefs 

about global warming do not translate to a willingness to act among students [59]. Less than half 

believe global warming will affect them personally, their family, or their community in the next 

10 years. Also, greater psychological distance from global warming is associated with less 

concern about its effects [19]. Recognizing the impacts of climate change are already causing 

challenges on infrastructure is especially critical for civil engineering students. Their future 

design decisions can make our built environment and citizens more or less vulnerable to climate 

change. Students that view the effects of climate change as either too far in the future or not 

related to them may be more likely to discount the benefits for addressing the issue [48]. These 

students may associate less value to design options that address climate change [49].  

 

Conclusion  

 

The research presented in this paper measured how civil engineering students perceive the 

effects of global warming as either a technical or social issue and how civil engineering students 

perceive the temporal and spatial implications of global warming on themselves, others, and the 

planet. We sampled a national sample of senior engineering students from Spring and Fall of 

2019. A total of 524 civil engineering students completed the survey. The results indicate civil 

engineering students are significantly more likely to recognize the technical issues associated 

with global warming compared the social issues. In particular, students understand global 

warming is an issue for the environment, engineering, health, and science, but less than half 

recognize global warming presents social justice, poverty, and national security issues. The 

majority of civil engineering students believe global warming is currently having a serious 

impact on plant and animal species, the environment, people in developing countries, and the 

world’s poor but do not recognize themselves, their family, or their community in this group. 

Instead, civil engineering students predominantly believe the effects of global warming will start 

to have a serious impact on themselves, their family, and people in their community in 25 to 50 

years. Waiting to address the effects of global warming for another two to five decades locks in 

more emissions and increases the chance of future and more severe global humanitarian crises. 

Teaching about the social implications of global warming and the temporal and spatial effects of 

global warming can help prepare students to address global warming in their careers. 
 

Acknowledgements 

 

This material is based upon work supported by the National Science Foundation under Grant No. 

1635534 and 1635204. Any opinions, findings, and conclusions or recommendations expressed 



 

in this material are those of the author(s) and do not necessarily reflect the views of the National 

Science Foundation. We would also like to thank the students who participated in the research by 

completing the survey.  

 

References 

 

[1] J. Cook et al., “Quantifying the consensus on anthropogenic global warming in the 

scientific literature,” Environ. Res. Lett., vol. 8, no. 2, p. 024024, Jun. 2013, doi: 

10.1088/1748-9326/8/2/024024. 

[2] National Research Council, Adapting to the Impacts of Climate Change. Washington D.C.: 

The National Academies of Sciences, Engineering, and Medicine, 2010. 

[3] T. F. Stocker et al., “Climate Change 2013 The Physical Science Basis,” 2013. 

[4] T. R. Karl, Global Climate Change Impacts in the United States. Cambridge University 

Press, 2009. 

[5] EIA, “How much energy is consumed in U.S. residential and commercial buildings?,” 14-

May-2019. [Online]. Available: https://www.eia.gov/tools/faqs/faq.php?id=86&t=1. 

[Accessed: 22-Jan-2020]. 

[6] O. US EPA, “Carbon Pollution from Transportation,” US EPA, 10-Sep-2015. [Online]. 

Available: https://www.epa.gov/transportation-air-pollution-and-climate-change/carbon-

pollution-transportation. [Accessed: 22-Jan-2020]. 

[7] Potential Impacts of Climate Change on U.S. Transportation. Transportation Research 

Board, 2008. 

[8] E. Tambo, W. Duo-quan, and X.-N. Zhou, “Tackling air pollution and extreme climate 

changes in China: Implementing the Paris climate change agreement,” Environ. Int., vol. 

95, pp. 152–156, Oct. 2016, doi: 10.1016/j.envint.2016.04.010. 

[9] M. Younger, H. R. Morrow-Almeida, S. M. Vindigni, and A. L. Dannenberg, “The Built 

Environment, Climate Change, and Health: Opportunities for Co-Benefits,” Am. J. Prev. 

Med., vol. 35, no. 5, pp. 517–526, Nov. 2008, doi: 10.1016/j.amepre.2008.08.017. 

[10] C. Johnson, “As Louisiana island shrinks, state paying to move residents,” AP NEWS, 22-

Mar-2018. 

[11] S. Waldman, “Maryland Island Denies Sea Level Rise, Yet Wants to Stop It,” Scientific 

American, 15-Jun-2017. 

[12] J. Nagel, “Climate Change, Public Opinion, and the Military Security Complex,” Sociol. Q., 

vol. 52, no. 2, pp. 203–210, Mar. 2011, doi: 10.1111/j.1533-8525.2011.01200.x. 

[13] G. H. Brundtland, Our common future. Oxford University Press, USA, 1987. 

[14] The Climate Change Educational Partnership: Climate Change, Engineered Systems, and 

Society: A Report of Three Workshops. Washington, D.C.: National Academies Press, 2014. 

[15] L. Klotz, G. Potvin, A. Godwin, J. Cribbs, Z. Hazari, and N. Barclay, “Sustainability as a 

Route to Broadening Participation in Engineering,” J. Eng. Educ., vol. 103, no. 1, pp. 137–

153, Jan. 2014, doi: 10.1002/jee.20034. 

[16] T. Shealy et al., “Career Outcome Expectations Related to Sustainability among Students 

Intending to Major in Civil Engineering,” J. Prof. Issues Eng. Educ. Pract., vol. 0, no. 0, p. 

04015008, 2015, doi: 10.1061/(ASCE)EI.1943-5541.0000253. 

[17] T. Shealy et al., “High school experiences and climate change beliefs of first year college 

students in the United States,” Environ. Educ. Res., vol. 0, no. 0, pp. 1–11, Feb. 2017, doi: 

10.1080/13504622.2017.1293009. 



 

[18] R. Valdes et al., “Just like all the rest? College students who exhibit pro-sustainability 

attitudes and behaviors,” J. Coll. Admiss., Fall 2014. 

[19] A. S. Singh, A. Zwickle, J. T. Bruskotter, and R. Wilson, “The perceived psychological 

distance of climate change impacts and its influence on support for adaptation policy,” 

Environ. Sci. Policy, vol. 73, pp. 93–99, Jul. 2017, doi: 10.1016/j.envsci.2017.04.011. 

[20] ASCE, “Impact of Climate Change,” American Society of Civil Engineers, 13-Jul-2018. 

[Online]. Available: https://www.asce.org/issues-and-advocacy/public-policy/policy-

statement-360---impact-of-climate-change/. [Accessed: 02-Feb-2020]. 

[21] NAE, “Grand challenges for engineering,” 2012. [Online]. Available: 

http://www.engineeringchallenges.org/cms/challenges.aspx. [Accessed: 16-Jan-2009]. 

[22] T. Shealy et al., “Half of Students Interested in Civil Engineering Do Not Believe in 

Anthropogenic Climate Change,” J. Prof. Issues Eng. Educ. Pract., vol. 143, no. 3, p. 

D4016003, Jul. 2017, doi: 10.1061/(ASCE)EI.1943-5541.0000323. 

[23] A. Leiserowitz, E. Maibach, C. Roser-Renouf, and N. Smith, “Climate change in the 

American Mind: Americans’ global warming beliefs and attitudes in January 2010,” Yale 

Proj. Clim. Change Commun. Retrieved, 2010. 

[24] A. Leiserowitz, E. Maibach, C. Roser-Renouf, and J. D. Hmielowski, Climate change in the 

American Mind: Americans’ global warming beliefs and attitudes in March 2012, Yale 

University and George Mason University, New Haven, CT: Yale Project on Climate 

Change Communication,[web document](2012). 2012. 

[25] A. Carnesale and W. Chameides, “America’s Climate Choices,” NRCNAS USA Comm. Am. 

Clim. Choices Httpdownload Nap Educ. Cgi, 2011. 

[26] A. Bostrom, M. G. Morgan, B. Fischhoff, and D. Read, “What do people know about global 

climate change? 1. Mental models,” Risk Anal., vol. 14, pp. 959–970, 1994. 

[27] J. D. Sterman and L. B. Sweeney, “Understanding public complacency about climate 

change: adults’ mental models of climate change violate conservation of matter,” Clim. 

Change, vol. 80, pp. 213–238, 2007. 

[28] L. C. Hamilton, “Education, politics and opinions about climate change evidence for 

interaction effects,” Clim. Change, vol. 104, pp. 231–242, 2011. 

[29] D. M. Kahan et al., “The polarizing impact of science literacy and numeracy on perceived 

climate change risks,” Nat. Clim. Change, vol. 2, pp. 732–735, 2012. 

[30] A. Anderson, “Combating climate change through quality education,” 2010. 

[31] A. Arnett, “Examining the relationship between student understanding of and belief in 

climate change,” Ecol. Soc. Am. Annu. Meet. Retrieved, 2010. 

[32] Pruneau, A. Khattabi, and M. Demers, “Challenges and Possibilities in Climate Change 

Education,” Online Submiss., Sep. 2010. 

[33] D. Sellmann, “Environmental education on climate change in a botanical garden: 

adolescents’ knowledge, attitudes and conceptions,” Environ. Educ. Res., vol. 20, no. 2, pp. 

286–287, Mar. 2014, doi: 10.1080/13504622.2013.870130. 

[34] A. G. Hallar, I. B. McCubbin, and J. M. Wright, “CHANGE: A Place-Based Curriculum for 

Understanding Climate Change at Storm Peak Laboratory, Colorado,” Bull. Am. Meteorol. 

Soc., vol. 92, no. 7, pp. 909–918, Apr. 2011, doi: 10.1175/2011BAMS3026.1. 

[35] K. Leigh, “ENERGY BUSTERS Norfolk Schools Fight Climate Change,” Environ. Educ., 

vol. 91, pp. 13–14, 2009. 



 

[36] M. C. Monroe, R. R. Plate, A. Oxarart, A. Bowers, and W. A. Chaves, “Identifying 

effective climate change education strategies: a systematic review of the research,” Environ. 

Educ. Res., vol. 25, no. 6, pp. 791–812, Jun. 2019, doi: 10.1080/13504622.2017.1360842. 

[37] P. G. Bain, M. J. Hornsey, R. Bongiorno, and C. Jeffries, “Promoting pro-environmental 

action in climate change deniers,” Nat. Clim. Change, vol. 2, no. 8, pp. 600–603, 2012, doi: 

10.1038/nclimate1532. 

[38] A. Spence and N. Pidgeon, “Framing and communicating climate change: The effects of 

distance and outcome frame manipulations,” Glob. Environ. Change, vol. 20, no. 4, pp. 

656–667, 2010. 

[39] E. U. Weber, “Psychology: Climate change hits home,” Nat. Clim. Change Lond., vol. 1, 

no. 1, pp. 25–26, Apr. 2011, doi: http://dx.doi.org.ezproxy.lib.vt.edu/10.1038/nclimate1070. 

[40] P. M. Kellstedt, S. Zahran, and A. Vedlitz, “Personal efficacy, the information environment, 

and attitudes toward global warming and climate change in the United States,” Risk Anal. 

Off. Publ. Soc. Risk Anal., vol. 28, no. 1, pp. 113–126, Feb. 2008, doi: 10.1111/j.1539-

6924.2008.01010.x. 

[41] C. Marohn, “The Real Reason Your City Has No Money,” Strong Towns, 10-Jan-2017. 

[Online]. Available: https://www.strongtowns.org/journal/2017/1/9/the-real-reason-your-

city-has-no-money. [Accessed: 04-Feb-2018]. 

[42] E. J. Heikkila and R. B. Peiser, “Urban sprawl, density, and accessibility,” Pap. Reg. Sci., 

vol. 71, no. 2, pp. 127–138, Apr. 1992, doi: 10.1007/BF01434259. 

[43] G. Pryce, Y. Chen, and G. Galster, “The Impact of Floods on House Prices: An Imperfect 

Information Approach with Myopia and Amnesia,” Hous. Stud., vol. 26, no. 2, pp. 259–

279, Mar. 2011, doi: 10.1080/02673037.2011.542086. 

[44] H. Clarke, “Planning Urban Water Investments with an Uncertain Climate,” Econ. Pap. J. 

Appl. Econ. Policy, vol. 32, no. 4, pp. 426–439, Dec. 2013, doi: 10.1111/1759-3441.12055. 

[45] M. Spackman, “Time Discounting and of the Cost of Capital in Government,” Fisc. Stud., 

vol. 25, no. 4, pp. 467–518, Dec. 2004, doi: 10.1111/j.1475-5890.2004.tb00547.x. 

[46] J. Marlon, P. Howe, M. Mildenberger, and A. Leiserowitz, “Yale Climate Opinion Maps - 

U.S. 2016,” Yale Program on Climate Change Communication, 2016. [Online]. Available: 

https://climatecommunication.yale.edu/visualizations-data/ycom-us-2016/. [Accessed: 23-

Jan-2020]. 

[47] S. Frederick, G. Loewenstein, and T. O’donoghue, “Time Discounting and Time 

Preference: A Critical Review,” J. Econ. Lit., vol. 40, no. 2, pp. 351–401, 2002. 

[48] S. Hellweg, T. B. Hofstetter, and K. Hungerbuhler, “Discounting and the environment 

should current impacts be weighted differently than impacts harming future generations?,” 

Int. J. Life Cycle Assess., vol. 8, no. 1, p. 8, Jan. 2003, doi: 10.1007/BF02978744. 

[49] S. Caney, “Climate change, intergenerational equity and the social discount rate,” Polit. 

Philos. Econ., vol. 13, no. 4, pp. 320–342, Nov. 2014, doi: 10.1177/1470594X14542566. 

[50] L. McInnes, J. Healy, and J. Melville, “UMAP: Uniform Manifold Approximation and 

Projection for Dimension Reduction,” ArXiv180203426 Cs Stat, Dec. 2018. 

[51] L. McInnes, J. Healy, and S. Astels, “hdbscan: Hierarchical density based clustering,” J. 

Open Source Softw., vol. 2, no. 11, p. 205, Mar. 2017, doi: 10.21105/joss.00205. 

[52] L. Klotz, G. Potvin, A. Godwin, J. Cribbs, Z. Hazari, and N. Barclay, “Sustainability as a 

Route to Broadening Participation in Engineering,” J. Eng. Educ., vol. 103, no. 1, pp. 137–

153, Jan. 2014, doi: 10.1002/jee.20034. 



 

[53] A. Leiserowitz, E. W. Maibach, C. Roser-Renouf, G. D. Feinberg, and S. Rosenthal, 

“Politics and Global Warming, Spring 2016,” Yale, Apr. 2016. 

[54] D. P. Shepardson, D. Niyogi, S. Choi, and U. Charusombat, “Seventh Grade Students’ 

Conceptions of Global Warming and Climate Change,” Environ. Educ. Res., vol. 15, no. 5, 

pp. 549–570, Oct. 2009. 

[55] J. Lucena and J. Schneider, “Engineers, development, and engineering education: From 

national to sustainable community development,” Eur. J. Eng. Educ., vol. 33, no. 3, p. 247, 

2008, doi: 10.1080/03043790802088368. 

[56] S. N. Pollalis, A. Georgoulias, S. J. Ramos, and D. Schodek, Infrastructure Sustainability 

and Design. Routledge, 2013. 

[57] D. J. Hardisty and E. U. Weber, “Discounting future green: Money versus the 

environment,” J. Exp. Psychol. Gen., vol. 138, no. 3, pp. 329–340, 2009, doi: 

10.1037/a0016433. 

[58] D. Weisbach and C. R. Sunstein, “Climate Change and Discounting the Future: A Guide for 

the Perplexed,” Yale Law Policy Rev., vol. 27, p. 433, 2009 2008. 

[59] K. Skamp, E. Boyes, and M. Stanisstreet, “Beliefs and Willingness to Act About Global 

Warming: Where to Focus Science Pedagogy?,” Sci. Educ., vol. 97, no. 2, pp. 191–217, 

Mar. 2013, doi: 10.1002/sce.21050. 

 


