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Global change clearly one of the most important issues of the twenty-first century. Understanding of the impacts of large-scale human activities on communities, and how the natural world is being affected is arguably the largest area of research outside of the health sciences, and the two are intricately linked. Yet despite scientific consensus on human-induced climate change, many publics remain divided about its existence and impacts. More alarming still are the contradictory positions from leading governments around the world to address climate change. The most convincing scientific evidence is in vain if scientists fail to communicate key facts to policy makers or to the general public. Here, we investigate various “snakes” (pitfalls) and “ladders” (emerging opportunities) in science communication. Using the example of the “Global Change App,” we argue that science education apps may be a promising and underrated way forward to improve how information is communicated between scientists, students and citizens. Smart device apps could be an effective way translate research outputs beyond scientific journals, support science teaching, and make information on global change more translatable and relevant to the general public.
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Global atmospheric CO2 levels are consistently above the threshold of 410 ppm (Scripps Institute of Oceanography, 2019) and temperature records show that the past 4 years (2015–2018) have been the fourth warmest on record (World Meteorological Organization, 2019). The ambitious agreement of reducing global warming to 2°C from November 2015 was initially ratified by the two single largest emitters of CO2 (China and the USA), but has since been abandoned by the USA. In a survey of American adults (August 15–25, 2014), 50% of respondents were not convinced that human activities were mainly responsible for climate change (Funk and Rainie, 2015). In the US, 31% of teachers pass on mixed ideas on the anthropogenic cause of climate change, e.g., emphasizing both the general consensus of scientists as well as leaving open the possibility of natural causes for global climate change (Plutzer et al., 2016). Such misconceptions are certainly not unique to the United States, but perhaps more surprising in a country which is also the source of some of the most convincing pieces of evidence on recent climate change. New tools and approaches are therefore needed to support climate change learning and literacy.

The disconnect between scientific consensus climate science and divergent public opinion stems from a complex set of social, educational, political, and media-related drivers (Lewandowsky et al., 2015). Reducing this disconnect requires the public to have a reasonable understanding of complex interactions between anthropogenic global change drivers and the environment. The scientific community needs help communicating these concepts in a way that is accessible and understandable to a general audience, which fundamentally starts in the education sector (Plutzer et al., 2016). For example, students discussed stratospheric ozone depletion as a driver for the enhanced greenhouse effect, when quizzed about global warming (Cordero et al., 2008). However, the two are entirely unrelated. Using the analogy of the widely known board game “snakes and ladders,” we show how various media channels can advance or set back public understanding of climate change facts.

The opinion-forming power of Twitter has increased enormously over the past decade (Chang, 2013). Before elected president of the US, Donald Trump tweeted “This very expensive GLOBAL WARMING bullshit has got to stop. Our planet is freezing, record low temps, and our GW scientists are stuck in ice” (https://twitter.com/realDonaldTrump/status/1090074254010404864). And more recently: “In the beautiful Midwest, wind-chill temperatures are reaching minus 60 degrees, the coldest ever recorded. In coming days, expected to get even colder. People can't last outside even for minutes. What the hell is going on with Global Warming? Please come back fast, we need you!” (https://twitter.com/realDonaldTrump/status/1090074254010404864). Both messages suffer from misinterpretation (field 8 in Figure 1), sensationalism (field 25), and oversimplification (field 28). The importance of scientists using Twitter more often has recently been shown by Côté and Darling (2018): they find that the proportion of non-scientists among the followers increases rapidly once 1,000 followers have been reached. For Twitter to become a “ladder” in climate change communication (Figure 1), scientists should be encouraged to enhance their social media presence. This more direct information flow between scientists and the general public can also be achieved using other social media (e.g., FaceBook, McClain, 2017).
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FIGURE 1. Playing the snakes and ladders of climate science communication. The snakes on the board represent the poor dissemination of scientific knowledge by some main-stream media outlets leading to an ill-informed public through mechanisms including (but not limited to); 8: misinterpretation of science concepts by the media; 14: cherry picking of information; 25: sensationalism; and 28: oversimplification of information. The ladders represent the elevation of robust scientific climate evidence through mechanisms including (but not limited to); 2: scientists using social media platforms, such as Twitter; 6: capitalizing on academic networks to share teaching tools, and 16: the development of science education apps.


Another potentially underrated “ladder” in the game of science communication could be the use of smart device apps (field 16 in Figures 1, 2). Plutzer et al. (2016) argue for the broad use and further development of easily accessible material that sets the standard for the global, unbiased scientific consensus. Examples are the smart device app “Skeptical Science” featuring counter arguments against the most common climate denialists' punch lines (Skeptical Science, 2016).
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FIGURE 2. Screenshot from the Global Change App. The user interactively learns about the global carbon and water fluxes and pools, how human activity affects them, and how they are interrelated.


Another app, Global Change (Borrelle et al., 2016, Figure 2), provides an accessible approach to improving the general public's knowledge on the processes that drive climate change. It was designed through a collaboration of scientists and digital creatives as an education platform to improve tertiary-level student's fundamental knowledge of the global carbon and water cycles, and how they are impacted by human activity. The concept of the app is based on distilling the most critical pieces of information in a very clear and concise way. Misinformation in climate science and other areas prone to widespread misconception often originates from relatively easy to debunk myths (Lewandowsky et al., 2012). Therefore, the app is designed as a compact and easy to navigate tool with an emphasis on conveying how processes are linked rather than describe processes in isolation. After a brief introductory animation video, the user can explore three main pages. The first one explains the pivotal role of leaf pores in affecting and responding to global climate. The goal here is to clarify the direct effect of CO2 on plants, which is hugely important in shaping our climate, but often overlooked in favor of the more apparent greenhouse effect caused by the same gas. The second page focusses on the global carbon and water cycles, with an option to compare pre- and post-industrial scenarios (Figure 2). The emphasis here is on the clarity around the often confounded pools vs. fluxes, particularly regarding the carbon cycle (Asshoff et al., 2010; Leuzinger and Hättenschwiler, 2013). Lastly, there is a page that allows the user to click on nodes that connect certain phenomena with environmental parameters, e.g., the mechanistic link between stomata and atmospheric CO2 (Figure 3).
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FIGURE 3. Screenshot of the “connections” page of the app. The user can navigate through the many connections between the environment and parameters affected by humans. Some information boxes contain links to external content.


In beta testing of the Global Change app, German high school students were faced with the statement: “I can explain the effect of rising CO2 at the level of the plant.” While before using the app independently for a week, 70.6% ticked “tend to disagree,” after 1 week of using the app, 77.3% ticked “tend to agree.” Thus, students seem receptive to using smart device apps as part of their learning (Woodcock et al., 2012). Such apps could help both in circumstances where teachers struggle against widespread climate skepticism among students (https://www.nytimes.com/2017/06/04/us/education-climate-change-science-class-students.html). Curricula would benefit from having smart device science education apps firmly integrated, either at the high school or tertiary level (Borrelle et al., 2016; Zydney and Warner, 2016).

The app is designed to be used by a large span of age classes, ranging from children in intermediate school to adults. Intergenerational learning is an underutilized pathway to enhance climate literacy and science communication (Lawson et al., 2018). Children are not only easiest to reach through schools, but are well-equipped to navigate climate change communication due to being considered more trustworthy, a neutral pathway for information dissemination, and an ideal intermediary to also enhance their own family members' awareness. The Alliance for Climate Education asserts that teenagers are the most influential in changing their parents' minds on issues such as climate change (https://acespace.org/). Therefore, reaching students in the classroom may also assist in enhancing climate change literacy for the students themselves and the public more broadly. With the recent climate strikes, enormous momentum has been observed in this intergenerational exchange and consensus on climate change (Schiermeier et al., 2019).

Creating smart device apps to promote climate change science could be an important step in broadening and deepening climate knowledge of children, students and the public, but how can we ensure such apps are used? First, we have to acknowledge the digital divide where not everyone has access to technology or smart devices (Ragnedda and Muschert, 2013). Only just over half the world's population currently have access to smart devices (e.g., cell phones, tablets; Statista, 2019), but the number is increasing rapidly, even in poorer countries. In the US, 77% (92% in the age bracket 18–29) of the population now own a smart device (http://www.pewinternet.org/fact-sheet/mobile/). The reach of climate change-focused apps is therefore substantial and growing, giving access to up-to-date scientific information, potentially improving general knowledge of climate change issues. A promising pathway to encourage active engagement, particularly of younger people, in app use is to gamify them. Gamification has become an important and rapidly growing feature that may provide a huge incentive for the use of apps with an otherwise academic touch (Morford et al., 2014; Scharl et al., 2016). Another opportunity can be the dissemination of such apps with social media (e.g., Bombaci et al., 2016), and utilizing academic networks, for example sharing teaching resources with colleagues (field 6 in Figure 1). In the combat against fake news, alternative facts, and pseudoscience, smart device apps with the signature of scientists certainly have the potential to overcoming the confusion that arises from misinterpretation, sensationalism, cherry picking, and oversimplification of scientific concepts often translated in the mainstream media (Boykoff, 2007; snakes in Figure 1).

In conclusion, while difficulties remain in using multimedia mobile applications to enhance basic ecological understanding (Nisbet et al., 2010), we argue that smart device apps will become an increasingly important tool in promoting awareness and science literacy, particularly of global change related issues. This opportunity should not be overlooked by the scientific community. Once such smart device tools have been developed, their dissemination and use by students and the public must not only be promoted, but also form the subject of ongoing research, which, apart from mere download numbers, is very limited to date (Borrelle et al., 2016). We argue that funding should be made available to specifically develop and research science communication via smart device apps. Given recently proposed restrictions of American scientific agencies from disseminating climate change related evidence (Witze, 2017), it is even more important for scientists to find ways to share global change evidence with the public. The example presented here is a small first step toward developing more interactive smart device apps, using tools such as gamification and social media to spread science rather than myths. We are convinced that such apps can be a powerful tool to help dispel widespread inaccuracies of climate change related issues, providing ladders rather than snakes in the urgent game of climate science communication.
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