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Abstract 

 

Purpose: The purpose of this thesis is to contribute to the existing literature on science communication 

by exploring different methods of communication with regards to increasing the public’s understanding 

and acceptance of science.  

Design/methodology/approach: A quantitative approach was used to empirically test different 

methods of science communication. Upon reviewing the literature, two main challenges were 

identified; reducing the level of complexity to improve the understanding of science and mitigating 

barriers for the acceptance of science. An animated video was chosen as the experimental stimulus as it 

possessed qualities considered desirable for achieving the set goals. To test its efficiency, a text 

transcription of the video was used as a control stimulus. Respondents were assessed prior to exposure 

on their understanding and acceptance of genetic modification. They were then randomised and 

exposed to one of the stimuli. Thereafter, the respondents were reassessed on their understanding and 

acceptance.      

Findings: No significant difference between the two methods were found with regards to changes in 

understanding and acceptance of genetic modification. However, acceptance was found to increase 

independently of any increase in understanding. 

Practical implications: If understanding and acceptance are in fact individual constructs and choice of 

method is trivial for achieving the goals of science communication, we speculate that much of the 

theory on science communication must be reassessed.   

Originality/value: The research conducted in this thesis contributes to existing theory on science 

communication and barriers for science communication. Moreover, it supplements literature on the 

deficit model as outdated and inadequate.   

 

Keywords: science communication, understanding and acceptance of science, creative approaches to 

science communication, barriers for understanding, barriers for acceptance, visual communication, 

genetic modification, media 
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Introduction 

 

If we think of science as an umbrella term that incorporates all knowledge that derives from testable 

explanations and predictions about the universe in which we exist, then what we are seeing today is an 

attack on the very foundation of all research, both scientific and academic. The mob that forced Galileo 

Galilei to renounce his heliocentric beliefs are still present today, but their torches and pitchforks are 

replaced with the howling sound of ‘alternative facts’ and ‘fake news’. The horde of the uninformed 

marches on with absolute confidence in their ignorance. Disturbing as it may be, the absurdity of the 

situation highlights the acute need for change. If the uninformed are unaware of their own ignorance, 

then this change must come from those who do recognise it. As such, we suggest that effective science 

communication may be the antidote to this conundrum (Verdier & Collins, 2017).        

 

There are many to blame and some to excuse for the ongoing polarisation. In hindsight, the scientific 

community is to some extent liable. It has failed to communicate its progress to the lay public in an 

efficient manner for decades. Since the dawn of science, the same deficit model for science 

communication has been practiced and it is simply inadequate (Sturgis & Allum, 2004). What we are 

seeing today is the consequences of such practice unfolding. That is not to say that there are other 

factors that contributes to the equation, but in large the responsibility lies with the very institutions that 

promote education and science. As such, one can only excuse the public for not knowing better.  

 

Quarrelling over who did what is only worthwhile for those who seek to renounce themselves of fault. 

The burden is on all, both institutions and individuals. The Latin phrase sapere aude comes to mind. 

We must dare to know the realities of the environment in which we operate. Gordon Moore predicted 

in 1965 that the number of transistors on a microchip would double every second year as a result of 

technological advances. Back then a microchip could hold 2000 transistors, while today it hovers 

around 10 billion transistors (Cusumano & Yoffie, 2016). If using Moore’s law as an analogy for the 

pace in which science has evolved, it becomes more understandable that some members of society 

struggle to keep up: perhaps even more so for those left in charge for communicating that progress.  
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It is important to recognise the capacity of understanding held by the public if science is to be 

communicated in an efficient manner, but the landscape in which we navigate is increasingly presented 

along binary lines. The ongoing polarisation of society is seemingly so deep rooted that it begins to 

resemble trench war. Take the U.S. as an example. The gulf between Republicans and Democrats has 

never been dug as deep as it is now (Thwaite & John, 2016). Similar conditions can be seen in the 

public perception of science. Global warming, genetically modified organisms (GMO) and vaccines are 

all topics where the public is seemingly for or against. Indeed, it has been suggested that the deficit-

model of communication may have contributed towards this polarisation, producing a so called 

'boomerang effect' (Hart & Nisbet, 2012). The most outspoken critics of these subjects seek to portray 

the scientific establishment as an “...effective propaganda machine, serving the interests of the elite 

classes and imposing its doctrines, ideals, and products on the marginalized masses in much the way 

that politico-religious institutions of the past managed so successfully” (Kitcher, 2001, p.4). Such an 

interpretation of science is alarming and not acceptable.   

 

How and why this situation came to be is an intricate bundle to unravel. This thesis will by no means 

attempt to answer such question in full but will instead pursue a potential path to remedying this 

situation. As communication is the process through which scientists and scientific organisations 

interact with the public, we will explore how best they should communicate. Due to the objectivity of 

scientific information, we suggest that science communicators cannot easily change 'what' they 

communicate. If they cannot manipulate the information to be more effective, we suggest that they can 

change 'how' this information is communicated. As such, this thesis will seek to assess the effectiveness 

of alternative methods of communication for assimilating scientific knowledge to the public.  

 

Problem formulation and research purpose  

Practitioners of science communication operate in a more dynamic information environment than 

before as both social media and new technology have enabled citizens to become more involved in the 

scientific debate (Bora & Hausendorf, 2010). Scholarly literature indicates that the democratisation of 

expertise is a double-edged sword, as despite having larger portions of the public engaged in discussing 

science, not all do so on the premises of science with regards to evidence-based reasoning (Scheufele, 
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2014). Building upon theories on barriers for understanding and accepting science, we are interested in 

exploring alternative methods for science communication that can mitigate these barriers.  

 

To effectively do so, we recognise that measuring improved scientific understanding and acceptance is 

more conducive if there is high scientific consensus on a topic and preferably evidence of disconnect 

between evidence and the beliefs held by the public. This would allow us to discriminate between right 

and wrong answers with more certainty and by doing so identify those who are misinformed more 

effectively. There is no shortage of scientific areas that would fit such a description, but some have 

received more attention than others which in turn has made them socially divisive topics. If making an 

analogy to music, there is one pop group that has gained an incredibly mixed reputation as a result of 

both poor communication of its lyrics and unfortunate media representation. Its members are portrayed 

as anything from death metal enthusiasts to that of Wagner or Beethoven, despite themselves insisting 

on being a mainstream pop band. The band is called ‘GMO’ and their audience is very confused. 

 

In fact, studies reveal that 57% of the U.S. adult population believe that eating genetically modified 

(GM) food is not safe (Pew Research Center, 2015b), despite there being a scientific consensus on GM 

food as safe (Pew Research Center, 2015a). In the UK, more than half of the population state that they 

are not sufficiently informed on the topic and 6% have never even heard of GM crops (The Royal 

Society, 2016). Research has shown that misinformation may be more prolific with controversial 

scientific topics (Allen, Burke, Welch, & Rieseberg, 1999). In a study that examined information on 

evolution, GMOs and endangered species, it was shown that approximately “one fifth of the material 

was factually inaccurate, about one third was interpretatively misleading, and about three fourths was 

unreferenced” (Britt, Richter, & Rouet, 2014, p. 105). This represents a serious problem as such 

controversial topics demand a certain level of understanding to be appropriately considered. The 

environment in which communicators of GM technology must navigate through is quite complicated as 

numerous barriers stand in the way for reaching out to those who are misinformed. As such, the 

conditions are perfect for researching alternative methods of science communication.  
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Research gap  

The research focus is supported by primarily two areas in the literature that remains partly unexplored; 

empirical testing of the effect that video versus text has on understanding and accepting science and the 

GM specific relationship between understanding and acceptance. There is no shortage of studies that 

seeks to examine models for science communication. Unfortunately, most are limited to being 

theoretical. Few conduct experiments that contrast the various methods of communication to measure 

the effect on scientific understanding and acceptance. That is not to state that this field of science 

communication remains completely unexplored, but more often than not such endeavours are explored 

in light of traditional models of communication (Pieczka & Escobar, 2012). The delimitation of such 

models is that they were designed for a different time where science as an institution had more 

authority as an objective knowledge producer. Scholars of science communication argue that the 

current landscape in which science is being communicated is far more complex than initially thought. 

Not only is the communication environment in a state of chaos as conventional gatekeepers are 

bypassed at seemingly every turn, but an increasing number of socio-political factors must be 

accounted for when engaging with the public (Bucchi, 2017; Scheufele, 2014). As such, there is a 

pressing need for exploring and empirically testing innovative and alternative methods for science 

communication (Horst, 2011).  

 

Presenting science in creative ways is neither new nor novel. There are numerous examples of 

communication efforts made where the two areas combine forces to appeal to a wider audience in 

intriguing and artistic ways. Think of Cosmos: A Spacetime Odyssey featuring Neil deGrasse Tyson, a 

show set to educate the viewer on the universe, evolution and everything in between (Akin, 2016). 

While being visually stunning and sophisticated in its description of astrophysical matters, it was 

actually very unsuccessful from a communication point of view. This was because it failed to reach 

beyond the proverbial choir of those who were already receptive to scientific evidence (Akin, 2016). 

There is much literature one can review to explain the unfortunate reception that Cosmos received, but 

little on creativity as a tool for mitigating barriers for understanding and acceptance. As such, we seek 

to fill this research gap with empirical data by testing novel communication approaches in relation to 

the understanding and acceptance of science.  
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Research question  

With regards to the problem formulation and identified research gap, the research question is as 

follows: 'Is animated video more effective than written text at achieving the goals of science 

communication?'. In relation to this research question, the two 'goals' of science communication that 

are deemed important are understanding and acceptance. Understanding of science circumscribes how 

knowledgeable a person is on scientific topic x whereas acceptance of science addresses how true this 

person perceives scientific claim x to be and/or how positively disposed this person is to the utilisation 

of science x.   

 

Delimitation 

The focus of the thesis is to evaluate and measure forms of science communication in order to state 

what method for communicating scientific findings is the most effective. Given the focus of the thesis, 

numerous approaches were identified as suitable. However, with regards to the outlined research gap it, 

was deemed appropriate to take a practical approach as we sought to empirically test leading theories in 

a controlled setting. The purpose of this study is therefore to test ruling theories on science 

communication and measure to what degree they hold true. Pursuing a practical approach as such limits 

the study in terms of areas covered. These would include other forms of communication (interactive, 

stage performance, lectures, dialog, advertisements etc.) and the theoretical framework supporting such 

platforms.  

 

With regards to the degree to which the results of this study will be generalisable, there are certain 

limitations that prohibit the findings from being universally applicable. As revealed further on, the 

participants of this research are all located in the same geographical region, that being the U.S. As 

such, much of the literature that is drawn upon is contextualised in relation to the U.S. society. It could 

be argued that a U.S. sample group has different mental models of science compared to a European 

sample group. This is because national media expose their populations to different degrees of 

information/misinformation on scientific topics that vary in how they are framed (Bauer & Bucchi, 

2007). Using a U.S. sample group is therefore not representable as a ‘universal scientific audience’ as 

the perceptions and attitudes towards scientific topics differs across the line.  
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The philosophical framework which guides the thesis is that of realism and positivism, as an 

assumption is made that there is a truth and that truth can be found where there is a scientific 

consensus. By doing so, other factors that could prove relevant, such as ethical, moral or political 

aspects, are excluded.  

    

Disposition 

The objective of this thesis is to contribute with empirical data on methods for science communication. 

To do so in an orderly manner, five sections has been outlined that seek to describe various components 

relevant to our research. To begin, the Introduction outlines the background from which the goal of the 

thesis is derived. Next the Theoretical Background is divided into three sections, each set to address 

various components relevant to science communication. These include the unique role of science, 

barriers for science communication and proposed solutions. Following this, the Methodology describes 

applied research philosophies, strategy, methodological choices made, hypotheses and the way in 

which the experiment was designed and conducted. After which, the Results section presents between-

groups and within-groups analyses, interpretations of the results, and limitations of the research 

findings. To finish, the Discussion interprets the findings in light of theory, discusses the academic 

impact of this thesis and proposes future research. The Conclusion then closes with some additional 

comments.  
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Theoretical Background 

 

The following section will present the literature that sets the theoretical framework for the thesis. The 

purpose is to create an overview of the environment in which science is communicated with regards to 

both internal and external factors that could prove detrimental or beneficial for interpreting the findings 

produced by our research. In order to do so in an efficient manner, relevant research and theory will be 

outlined in three different parts to describe the complex properties of science communication. These 

areas include the unique role of science, barriers for science communication, and new approaches to 

science communication.  

 

The unique role of science  

Defining science  

As we wish to investigate aspects of the communication of scientific information, it inevitably becomes 

a necessary endeavour to define just what we mean by ‘science’. While it is likely that most people are 

able to recognise various scientific disciplines (e.g. chemistry), the inherent qualities that make 

something scientific are not so clear. Common characteristics include that scientific claims must be 

falsifiable insofar as there is the capacity to disprove them (Gieryn, 1983) and that such claims often 

have predictive power that can be empirically tested (Cobern & Loving, 2001).  

 

However, for the purpose of this thesis one must recognise the inherent difference between the various 

fields of science. Evidence-based reasoning is a common factor, but what constitutes evidence differs 

greatly across the line. These differences become more apparent when, for example, comparing social 

science with physics. There is little debate around the laws of gravitation as testing such a theory 

always yields the same result. Yet, when researching human culture the results are often more 

ambiguous. Consider the nature versus nurture debate on individual behaviour and personality. There is 

no scientific consensus on the subject as the influencing variables are at times highly ambiguous and 

seldom universal. Given the purpose of this thesis, science henceforth will refer to the fields where 

there is scientific consensus.  
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The inherent challenges of science 

Based upon these claims, science can be viewed as a mechanism through which various truths about 

the world can be derived. An a priori argument based upon this assertion is that individuals should 

consistently and rationally accept truth in order to navigate the world in an effective manner. However, 

this assumption is routinely challenged where we find instances of individuals acting in conflict with 

the current scientific consensus. If scientific consensus derived from evidence is sufficient for 

producing truth, why is it then that we find instances where individuals reject the truth? We argue that 

this is a fundamental problem and one that might be unique to science entirely. The reason for this 

suggestion of uniqueness is that science differs from other disciplines, where disconnects may also 

exist, due to the purpose of truth seeking (Kitcher, 2001). For example, imagine that the consensus 

amongst film critics is that ‘Film X’ is a good film. Now consider an individual who rejects the film 

critics’ claim insofar as they believe that ‘Film X’ is a bad film. The film critics, like the scientists, may 

be experts in their field, yet an individual rejecting their claim does not appear to be obviously 

irrational. This is as taste in films relatively subjective and as such we do not expect there to be a 

universal truth. Science differs in this way in that it is premised on being able to produce objective, 

universal truths. As science is perhaps one of the best mechanism that humankind has developed to 

discover such truths, this fundamental problem between acceptance and the truth may be unique to 

science altogether. 

 

Furthermore, this fundamental problem may be one that is largely unavoidable, and perhaps even 

necessary for the way in which science operates. As mentioned, the scientific consensus on a given 

topic is a good indicator of a truth. However, we must also recognise that consensus on an issue takes 

time to develop, and indeed changes over time (Kitcher, 2001). For example, think of Newton and 

Copernicus. When Newton published his laws of motion and universal gravitation it was initially 

viewed by the majority as false because it diverged from the academic consensus set by Copernicus. 

However, Newton's laws were not constructed from nothing, but were a product of reviewing the 

theories of Copernicus from a different perspective (Anderson, 2017). As new evidence is brought to 

light, the scientific consensus will change. In essence, this reflects what types of truths science 

produces: the best available truth at that given point in time (Kitcher, 2001). While this disconnect 
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between evidence of a truth and acceptance of a truth may provide sufficient grounds for further 

enquiry, we might also be interested in what the ramifications of this disconnect may be. 

  

Disconnection consequences  

It is fair to argue that one misinformed member of society poses little risk to the overall well-being of 

the community. In fact, such a voice is perhaps even necessary to incentivise scientists to further their 

efforts in explaining the theory and significance of recent findings. But when one turns to many and the 

horde of the uninformed begins to dominate, the voice of the scientific community could go unheard, 

which in turn could have tragic outcomes for both human progress and the conservation of the planet. 

This highlights the underlying importance of why this disconnect matters: namely that the rejection of a 

truth can have various and significant negative consequences.  

 

Consider vaccines. There is a pervading belief by some that vaccines cause autism. While the main 

study which may have initially sparked this belief has been thoroughly disproved, there are still many 

today that believe this to be the case (Plotkin, Gerber & Offit, 2009). This belief is in direct conflict 

with the scientific consensus on vaccines, and thus a truth. Moreover, the lack of acceptance of such a 

scientific truth has demonstrated consequences. According to the Centres for Disease Control and 

Prevention, vaccine-preventable diseases, such as measles, are now returning as a direct result of a 

growing anti-vaccine movement where fewer parents vaccinate their children (Sifferlin, 2014).   

 

While the loss of human life may be the ultimate consequence of rejecting the scientific consensus, 

other less severe consequences must also be recognised. Consider the scientific consensus that GM 

crops show no conclusive evidence of being harmful to humans (Pew Research Center, 2015a). 

However, many are sceptical of GMOs and thereby choose not to consume such products. The 

consequence of this misguided belief may be that individuals simply end up paying more for organic, 

‘non-GMO’ groceries. Although the severity of this consequence clearly differs from the loss of human 

life, the underlying irrationality is the same. This highlights an important distinction. Although an 

individual’s actual acceptance or rejection of a scientific truth is not objectively positive or negative, 

the subsequent actions and beliefs that can arise from rejections of truth can have far reaching 



   
 

14 
 

consequences. If irrational beliefs or actions produce negative consequences, however mild or severe, 

then it follows that we should aim to reduce this irrationality.   

 

Communication of science  

This leads us to the role that many scientists and scientific organisations find themselves in today; 

educating the public. The purpose of educating the public is to help avoid some of the aforementioned 

consequences of rejecting potentially important truths. The notion of educating necessitates that 

communication takes place. Most communication models available to us today all share some iteration 

of the ‘transmission model’ of communication (Shannon, 1948). More specifically, that communication 

involves a sender, a message, and a receiver. While our contemporary views of communication are 

infinitely more complex than a three-factor equation (Casstevens, 1979), such factors form the 

necessary logical foundation from which these more nuanced views arise. Regardless, if we operate 

under the premise that most models of communication follow some iteration of the transmission model, 

then it is important to clarify who the sender and receiver are. Primarily, we aim to focus this research 

on scientists and scientific organisation as the sender, and the public as the receiver. This is to be 

contrasted with other approaches such as communication between scientists, or communication 

between scientists and policy makers.  

 

In regards to this type of science communication, the purpose is to stimulate one or more of the 

following reactions with its given audience; awareness, enjoyment, interest, opinion and understanding 

of science (Burns, O'Connor & Stocklmayer, 2003). Traditionally, this has been conducted through a 

knowledge deficit model of one-way, top-down communication (Sturgis & Allum, 2004). The 

underlying assumption of the model was that both the scientific community and society at large would 

benefit from an increased scientific literate public. It premised this on the following, albeit simplified, 

argument: 'The public does not accept scientific truth x. In order to accept scientific truth x the public 

must understand scientific truth x. In order for the public to understand scientific truth x we must 

communicate scientific truth x'. Therefore, the deficit model suggests that if the public was educated to 

a satisfactory level they would ultimately be more supportive of scientific findings. This was advocated 

for in the Bodmer report of 1985, also known as 'The Public Understanding of Science', published by 

the Royal Society of London (Miller, 2001). Indeed, various studies do indicate that increased 
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understanding of scientific information can lead to an increased likelihood of accepting said scientific 

information (Weisberg, Landrum, Metz, & Weisberg, 2018).  

 

However, according to Hetland (2014), much of the criticism the knowledge deficit model has received 

circumscribes the very foundation of the model: being that the public can only be enlightened by 

downstream communication efforts. Such critique could suggest that the knowledge deficit model 

views the mind of the recipient as an empty bottle whom only it can fill with knowledge. If so, one 

could argue that there are some indirect authoritative aspects to the model as it depicts a rather 

conventional teacher-student relationship. In other words, it operates under the assumption that science 

has a communication monopoly (Scheufele, 2014). This is not the case as empirical data show time 

after time that people seldom make decisions that are in line with scientific evidence (Akin, 2016). As 

stated, research on cognitive psychology in relation to scientific topics suggests that the public 

approaches scientific topics, especially those that are socially divisive, differently as they assess them 

against various sources including values, beliefs, ideology and knowledge (Lakoff, 2004).  

 

Recognising this, the scientific community began moving towards new models of communication and 

this is where the literature begins to diverge. Pieczka and Escobar (2012) claim that there are three 

models of communication that have been practised so far in relation to educating the public; Public 

Understanding of Science (PUS), Public Engagement (PE) and Public Dialog (PD). PUS is primarily 

concerned with informing and explaining, PE explores theories on learning and seeks to understand the 

needs of the audience, and PD circumscribes dialogic designs. PE and PD differ primarily from PUS as 

they seek to communicate with the public rather than to the public (Pieczka & Escobar, 2012). 

However, Scheufele (2014) argues that science communication today cannot be categorised or limited 

to one of the above models as the reality of the situation is much more complex. The interfaces 

between science and the public is in a much broader social setting than before as all communication 

goes through mediated realities in a socio-political context that we must understand in order to be 

effective (Scheufele, 2014).     
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Barriers for science communication  

When reviewing the literature on barriers for science communication it became apparent that we must 

distinguish between barriers for understanding science and barriers for accepting science. While very 

much alike on the surface, the two are in fact disconnected. One can understand science without 

accepting it as true (e.g. global warming). In turn, one can accept science while not understanding how 

it works (e.g. gravity). Although the acceptance of truthful scientific claims is the underlying objective 

of science communication, understanding is still required so that the public has a reliable way of 

distinguishing truthful claims from false claims. On the other hand, public understanding alone seems 

insufficient in guaranteeing acceptance as various factors influence the public’s willingness to accept 

certain claims. Therefore, one must acknowledge pre-existing attitudes and recognise what the public 

are actually capable of understanding in terms of scientific processes (Bennett & Jennings, 2011). A 

fine illustration of this can be found when the CEO of Monsanto – a U.S. genetically modified crops 

and food manufacturer – was interviewed in 1999 and asked why his company had failed with a 

particular product: “We did proceed on the basis of our confidence in the technology and we saw our 

products as great boons both to farmers and to the environment. I guess we naively thought that the rest 

of the world would look at the information and come to the same conclusion” (Bennett & Jennings, 

2011, p. 62). In broad strokes, Monsanto operated under the assumption that the public would accept 

their technology if only they understood it, but the public did neither. The goal should be to create 

favourable conditions for science communication by mitigating these mentioned barriers. In the 

following section, these barriers for understanding science will be reviewed. 

 

Barriers for understanding science 

Language and mental models 

Science communication manifests itself through language and other forms of representations and is a 

process of reinforcing different ways of viewing the world.  To efficiently do so, practitioners of 

science communication must balance and adapt means of communication to the worldview of its 

audience (AAAS, 2017). In essence, it is concerned with communicating specialised knowledge and 

insights to audiences outside the given specialist area. It is a three-folded process of processing 

information, adapting it to a context, and convincing the target audiences (Collier & Toomey, 1997). 

Science communication differentiates itself from other branches of communication primarily on the 
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notion of complexity as science is difficult to explain. Not only must the audience understand the terms 

used, but also the concepts related to those terms (Bauer & Bucchi, 2007). It would be unreasonable to 

suggest that science is the only discipline that is complex. For example, it is fair to claim that many 

disciplines, such as art and history, have inherently complex aspects about them. However, a key 

difference may be that such complexities are easier to learn.  

 

The unreliability of language is at times fascinating when considering that the acceptance of scientific 

claims depends on its linguistic expression. If researchers of science are incapable of convincing their 

audience of the validity of recent findings then the scientific community as such wields little authority 

(Collier & Toomey, 1997). In terms of complexity, scientific claims and observations may often be 

relatively simple (e.g. the global temperature is increasing), yet have markedly more complicated 

explanations (e.g. numerous mechanisms are responsible for this). Articulating and presenting these 

underlying mechanisms in a comprehensible way is becoming an increasing challenge for scientists 

given the quantity of data one must present. James Somers, programmer and writer for The Atlantic, 

argues with reference to the increasing need for scientists to be capable of using programming language 

that it perhaps is time for science communication to evolve as “... the basic means of communicating 

scientific results hasn’t changed for 400 years” (Somers, 2018, para. 4).  

 

Scientific results and findings are more often than not collected, analysed and processed using a 

computer. That data can be represented via different mechanisms, for instance with interactive 

diagrams where the user can apply specific conditions to see how A affects or relates to B or C. When 

doing so, the computer becomes a dynamic medium in which the user can interact with the data. It is 

engaging and inarguably an easier way of comprehending the complex relationships between the 

variables at hand. However, when communicating such findings, it is commonly done in a PDF format, 

which in reality is nothing but an electronic imitation of a piece of paper (Somers, 2018). One could 

therefore argue that scientific papers today present dynamic information in a static way where the 

reader is left to imagine how such models presented could have interacted with each other. 

Unfortunately, the realities are that of the written word and we must address it as such. Linguistic 

representation of scientific phenomena is still a powerful tool for communication. However, to 
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effectively communicate new discoveries, scientists must align their efforts in a way that connects with 

the pre-established mental images that the audience already has (AAAS, 2017).  

 

If we use mental models to help comprehend abstract concepts (Britt et al., 2014), then the challenge is 

thus how to go about creating a mental image of an intangible concept the public has no relation to or 

knowledge of (e.g. the Higgs boson/God particle). When presented with a word or a symbol we create 

mental images to understand its meaning. George Orwell played with this idea in his book 1984. The 

words ‘freedom’ and ‘peace’ are non-existent in the vocabulary of Oceania, resulting in a population 

with no conception of what freedom and peace is (Orwell, 1949). We label this as ‘hypocognition’ – 

the absence of a single word or two that can effectively describe an idea (Lakoff, 2004). A real world 

example includes the case of Tahiti. In the 1950s the country experienced a mass suicide epidemic and 

anthropologist Bob Levy went to investigate. Levy discovered that the Tahitians had no word or 

concept for grief. They certainly felt it but were unable to express it in an adequate manner. In other 

words, they suffered from hypocognition (Lakoff, 2004). This concept represents a problem for science 

communicators, as they must bridge the abstraction and written word so that the public is able to 

understand. If science communicators cannot change what this abstraction is, it may therefore imply 

that altering the written word to an alternative method of communication may help to shorten this 

'bridge'. Incorporating visual representations of complex notions that the public is unfamiliar with 

could help reduce the level of hypocognition that is experienced by some.  

 

Accessing scientific information    

Not only is the actual content of the communication important, but so too is the environment in which 

it is accessed. The move from traditional platforms of communication to the online sphere entails new 

ways of consuming information. The types of scientific information that were at one point in time 

restricted to credible institutions, such as universities or established mainstream outlets, are now freely 

available on the internet (Britt et al., 2014). This increase in access to scientific information can be 

found across various formats such as news websites, social media, online journal articles and amateur 

blogs (Britt et al., 2014). A potential issue with such access and variety is that it provides favourable 

conditions for misinformation to spread. Conventional gatekeepers, such as editors of newspapers and 

journals, are now bypassed. Today, scholars argue that we are experiencing a crisis of mediators 
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(Bucchi, 2017). The reliability of scientific information that one reads online may be subject to 

question. For example, many online news and blog sites depend on advertising revenue to remain 

viable. The continual requirement of new content may result in information that is inherently 

misleading (Chung, Oden, Joyner, Sims, & Moon, 2012).  A consequence of this is that “credible 

research and reporting competes with amateur blogs, entertainment summaries, and outright 

misrepresentation for public attention and resources” (Britt et al., 2014, p. 104). Likewise, the 

unfiltered opinions of highly active users carry a lot more weight than previously assumed as 

discovered in a study on political persuasion within social media revealed. It concluded that 

‘prosumers’ (being the active users) have a self-perceived image of being the puppet masters of their 

audiences and more often than not it is true (Weeks, Ardevol-Abreu & Gil de Zuniga, 2017). In relation 

to science communication, this finding may suggest that traditional fact-based argumentation is 

experienced by online readers as equally credible as opinion-based argumentation. The Italian 

contemporary writer, Umberto Eco, gained some online traction in 2015 for his rather harsh 

observation of today's online media environment. He described it as an invasion of idiots in the land of 

Nobel Prize winners where now both are perceived as equals (Comipi, 2015). We argue that such an 

interpretation is not wrong, but not right either. Eco’s observation implies a communication monopoly 

where only the academic elite should be given a voice which reminds awfully a lot of the outdated 

deficit model. The key is to find a balance where both the public and scientists can interact in line with 

democratic values and processes.  

 

Consuming Scientific Information 

Moreover, this complexity extends to the actual process of 'consuming' scientific information. 

Traditionally, scientific information has been communicated and consumed via a written text medium. 

Although a somewhat deductive claim, scientific information can simply be more complex due to the 

greater number of unfamiliar (scientific) terms (Fang, 2005). Furthermore, reading scientific 

information differs in that it generally demands the encompassment of multiple documents. This 

process of integration can be difficult as different sources may present information quite differently 

(Britt et al., 2014). When integrating multiple documents, the source’s reliability might be considered 

based on the reader’s perception of the author’s; occupation/credentials, level of knowledge, purpose 

for writing the text, and what their role in the creation of the information was (Britt et al., 2014). As a 



   
 

20 
 

result, conflicting information may arise which, while an inherent quality of the scientific approach, 

can be difficult for the public to appropriately understand. Such conflicts may be resolved by the reader 

by simply ignoring it, attributing the conflict to one of the sources, or attempting to figure out which 

claim/proposition is true. Due to these different responses readers might take to resolving conflicting 

scientific information, we argue that that the mass availability of online scientific information could 

result in unintended problems. 

 

These ideas might therefore lead us to the tentative question of whether reading scientific information 

is the most effective method of communication. More specifically, to what extent does reading 

comprehension impact the effectiveness of a message? While reading comprehension has been defined 

differently over the years, many commonly suggested cognitive processes include “inference, reading 

comprehension strategies, reading vocabulary, word reading, and prior topic knowledge” (Cromley, 

Snyder-Hogan & Luciw-Dubas, 2010, p. 867). For example, one might use inferences to bridge two 

proposition that have no clearly stated conclusion, or perhaps when prior knowledge is necessary to 

arrive at one of the stated conclusions. Such processes are of interest as we might reasonably posit that 

individuals all likely start at different points of comprehension ability (based on past experiences and 

exposure). A ramification of this could be that at population level (i.e. the public), such individual 

differences are manifested on a larger scale. Therefore, we might hypothesise that the comprehension 

of a written scientific text may vary wildly based on the individual recipient of the communication. 

This would suggest that if we want the public to understand scientific information, then a method of 

communication with a more universal comprehensibility may be necessary. 

 

Science communicators’ perception of the public  

In addition to the aforementioned evidence which explains why the public may lack adequate 

understanding of scientific information, it could be interesting to look at how science communicators 

recognise this reality. According to Grand, Davies, Holliman, and Adams, (2015), practitioners of 

science communication have a rather narrow view of the public’s interest and capacity to partake in 

scientific debates. A recurring result in studies which set out to understand what expert stakeholders 

(scientists, industry, lobbying groups etc.) perceive as the greatest barrier for engaging in public 

debates on scientific findings is their perception of the lay public’s limited capabilities of engaging in 
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technical discussions. This barrier is especially strong on socially divisive topics as many expert 

stakeholders view the public as a body filled with conflicting interests and unsystematic knowledge 

(Grand et al., 2015). More interestingly however, little is done by these science communicators to 

shoulder this burden. If the public is indeed ‘limited in their capabilities’ and those communicating are 

aware of it, then it follows that the science communicators should remedy the situation. 

 

Barriers for accepting science 

Why is it that scientific claims that have little to no impact on society are also seemingly more prone to 

being accepted than those that do so? In order to understand why claims by the likes of Study finds 

liberals are better than conservatives at smizing (Roy, 2015) are more likely to be endorsed by the 

public (Sturgis & Allum, 2004), we must understand how the public accepts scientific findings to begin 

with. We are therefore interested in exploring the literature on how people rationalise scientific claims 

as this thesis seeks to explore the conditions in which science is accepted by the public.  

 

Misinformed audiences  

What might largely be considered fundamental truths are now increasingly called into question. When 

the Trump administration put forward their proposed budget cuts to science, the international scientific 

community reacted swiftly with the ‘March for Science’. It was a call for applying more evidence-

based knowledge in the construction of laws, public policies and programmes (Mariño, 2017). Within 

the realms of academia, such a request would seem logical, but perhaps not for those who have 

embraced ideas such as ‘alternative facts’ or similar notions. Alternative facts are an unarguably bizarre 

concept that are easy to disregard as nonsense and lies. However, if those who follow the leaders of 

‘alternative facts’ perceive them as true, then we must address them in a serious manner. It is relevant 

for our study to disclose the rationality behind both the belief in inaccurate information and the 

underlying motivations for such beliefs as this ‘noise’ in the communication paradigm can have an 

influence on a message’s perception (Shannon, 1948).  

  

Defining ‘alternative facts’ poses a challenge as it raises the question of whether absolute truth exists 

and if it can be known. For the purpose of this thesis it will be assumed that it does insofar as through 

reasoning, based on solid evidence and the existence of objective reality, one can discriminate truth 
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from falsity (Anderson, 2017). Under this assumption, ‘alternative facts’ may be defined as two 

separate and very distinct concepts. Firstly, it can be viewed as a testimony of discontent with existing 

facts. Such existing facts may oppose a person’s position which then lead to the production of untrue 

facts that are in support of this person’s original position. Secondly, it can be seen as an additional set 

of true facts that shed new light on the matter at hand, but alternative in the sense that they differ from 

the ruling opinion (Anderson, 2017). The latter is an essential part of the development of knowledge as 

different schools of thought can contribute to shape new and alternative academic models. However, 

when ‘alternative facts’ operate under the first definition the very foundation knowledge development 

rests upon is under attack. This is because the debate is no longer about the development of knowledge, 

but rather a power play of ideological views (Brombacher, 2017). 

 

One who has received much attention for such use of ‘alternative facts’ is the current President of the 

United States, Donald Trump. When promoting his proposed travel ban on seven Muslim countries at a 

rally in Florida his divergence from the truth took control yet again. This time Sweden had, the night 

before the rally, fallen victim to a vicious terrorist attack. In reality, nothing had happened in Sweden 

(BBC News, 2017). However, it did support his political agenda. According to The Washington Post, 

during his first year in office President Trump made 2,000 false or misleading claims which 

accumulates to an average of 5.6 false claims per day (Kessler & Kelly, 2018). There is a distinct 

difference between the two definitions of ‘alternative facts’ with regards to objective truth, so for the 

remaining part of this thesis ‘alternative facts’ will refer to the first definition where it constitutes the 

construction of false facts. 

  

Why people believe false information 

Why is it then that some choose to believe ‘alternative facts’ when all available evidence contradicts 

the statement in question? David Dunning (2011) received much attention for his study on meta-

ignorance after he published his article titled The Dunning-Kruger effect: On being ignorant of one’s 

own ignorance. What he found was that people who are unaware of the gravity of their own knowledge 

deficit on a given topic can fall victim to a “... double burden - not only does their incomplete and 

misguided knowledge lead them to make mistakes but those exact same deficits also prevent them from 

recognizing when they are making mistakes” (Dunning, 2011, p. 247). Following the U.S. Presidential 
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election in 2016, Ian Anson (2018) from the University of Maryland, decided to test the perimeters of 

the Dunning-Kruger effect in relation to political knowledge. In an interview with PsyPost, he 

explained that “...individuals with little knowledge about a topic will be, paradoxically, the most 

confident that they know a lot about the topic” (Dolan, 2018, para. 2). This is relevant for our study 

because socially divisive scientific topics tend to have highly polarised public engagement, where the 

discussion often is about the political aspects rather than the scientific processes behind the science 

itself (Bauer & Bucchi, 2007). We suggest that science communicators must recognise this reality and 

attempt to shift the focus back towards the scientific discussion. In order to get a further understanding 

of the underlying mechanisms that enable such meta-ignorance, one can review the sociocultural 

factors that contribute towards determining the credibility of a source from an individual’s perspective.  

 

From a historical point of view, humans have undergone three significant events that has enabled us to 

become what we are today; the cognitive-, agricultural- and scientific revolution. Since the cognitive 

revolution, spreading stories has been an essential part of our human culture and some stories spread 

faster than others (Harari, 2014). If the story generates an emotional arousal it encourages the recipient 

to share that information with others, regardless of its accuracy (Lewandowsky, Ecker, Seifert, 

Schwarz, & Cook, 2012). It is interesting to contemplate the common reading experience of the public. 

For example, consider that; 1) people tend to learn the skill of reading through stories and narrative 

texts from a young age, and 2) most recreational reading has some form of narrative component (Britt 

et al., 2014).  

 

Research has shown that stories whose content will stimulate disgust, fear or happiness spread faster 

than those which appear emotionally neutral. This applies for communication from person to person 

and on social media (Lewandowsky et al., 2012). Scientific texts differ by primarily describing 

properties, relationships and mechanisms whereas non-scientific texts have aspects of human motives 

and cultural norms (Britt et al., 2014). In essence, much of this boils down to the audience's perception 

of risk and understanding of science, as most people perceive risk subjectively whereas science 

objectively as data must be statistically measurable. The relative unfamiliarity with such elements may 

help to explain the challenges of incomprehensibility that scientific texts face. As such, the audience 

will interpret the risk based on how familiar and controllable it is experienced (Slovic, Fischhoff, 
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Lichtenstein, & Roe, 1981). This relates to cognitive psychology and the theory of distributed cognition 

which aims to explain how people digest complex information and handle information overload 

(Salomon, 1993). When presented with a new scientific finding, people intuitively assess its 

compatibility with previously held beliefs to see if it is fluent. Disfluent information that challenges 

those beliefs are thus less likely to be accepted as they require both motivation and cognitive resources 

to fact check and assess the compatibility (Lewandowsky et al., 2012). This notion of cognitive 

resources employed is of interest as we posit that different methods of communication may likely 

demand different levels. Indeed, it has been previously shown that videos can at times demand less 

cognitive effort than printed text (Saloman & Leigh, 1984). Perhaps this suggests that disfluent 

information may be more effectively communicated through video.  

 

In the book The believing brain: From ghosts and Gods to politics and conspiracies - How we 

construct beliefs and reinforce them as truths, science historian Michael Shermer (2011) argues that we 

are inherently animals who have evolved to find patterns, even when there are none. The 21st century 

homo sapiens are not here by coincidence, but after centuries of natural selection. Evolution favoured 

those who were capable of recognising a threat before it occurred. The survival of the fittest allowed 

them to pass on these skills of seeing patterns through reproduction and these very same processes are 

used today. Shermer coins this as ‘patternicity’ – a tendency to find meaningful patterns in both 

meaningful and meaningless noise (2011, p. 60). It would seem that science communicators are faced 

with the challenge of a public that at times finds these patterns in the latter; the meaningless noise. If 

one were to interpret this notion of ‘patternicity’ it would not be unreasonable to understand it as if the 

brain is in a default position of continuously searching for patterns. However, we are no longer 

primitive cavemen dodging venomous snakes and poisonous berries, but as put by social critic and 

comedian George Carlin, a “diversified multi-cultural, postmodern deconstructionist that is politically, 

anatomically and ecologically incorrect” (PBS, 2009, 0:28). In other words, we are confronted with a 

whole different set of existential threats and navigating through the sea of available information is not 

done without a hitch. 

 

The notion of association to concept was already recognised in 1908 by physicist Ernst Mach. Mach 

posited that to effectively teach science a logical relationship between the phenomena (X) and daily 
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experiences (Y) must be established (Collier & Toomey, 1997). This suggests that something needs to 

be somewhat relatable in order to be sufficiently understood. However, when the perceived relationship 

between X and Y is too askew or the science presented contradicts widely held beliefs or myths, it 

might prove to be counterproductive (Peter & Koch, 2015). In the wake of the debunked article written 

by Andrew Wakefield on the false relationship between vaccines and autism in the late 1990’s (Plotkin 

et al., 2009), psychologists began to increasingly investigate why some individuals systematically 

accept false information as true. A study found that two types of errors can occur in regards to 

accepting misinformation: accepting a false statement as true (backfire effect) or labelling an originally 

true statement as false (fact-false error) (Peter & Koch, 2015). These two types of errors tend to emerge 

under conditions where an individual experiences cognitive dissonance where attitudes, thoughts and 

perceptions are inconsistent (Murray, Wood & Lilienfeld, 2012). An example of two inconsistent 

cognitions is the ‘meat paradox’ where one must rationalise the contradicting relationship between 

caring for animals and eating them. To reduce the cognitive dissociation with the consumption of meat 

we all chose various strategies. These strategies often boil down to what is labelled the three N’s of 

meat consumption – it is normal, natural and necessary (Dowsett, Semmler, Bray, Ankeny, & Chur-

Hansen, 2018). Our brain seeks to reduce the negative effects of loving animals when the lust for meat 

emerges by dissociating ourselves from the slaughterhouses and by doing so remove responsibility. 

However, the ‘meat paradox’ has no scientific right or wrong answer but serves well to describe the 

concept of cognitive dissonance theory as the same processes occur when presented with opposing 

views. The followers of anti-vaccine movements were all at some point wrestling with inconsistent 

thoughts on the matter and to protect the sanity of one's mind they constructed what they believe to be a 

natural relationship between X and Y which ultimately made them victims of the backfire effect. As 

such, it corresponds with Schermer’s (2011) idea of belief-dependent realism and patternicity as these 

errors take effect when false patterns are identified as true.   

 

The literature presented illustrates the critical need for an intervention from science communicators 

with regards to misinformed audiences.  It is unlikely that any change will come from within anti-

scientific communities as patternicity will continue to reinforce their perception of misleading and false 

information as true. We argue that a catalyst for change is a logical necessity and it must come from an 

external source.  In order to facilitate any change, science communicators must recognise the forces 
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that are working against the interests of science, forces that are tainted by commercial, ideological and 

religious motives. Moreover, the identified barriers for learning and acceptance must be acknowledged 

and appropriate counter measurements must be incorporated in future communication models.  

 

How science is presented 

Just as the environment in which science is presented can negatively impact the public's understanding, 

so too can it deter their acceptance. The platform through which most scientific communication to the 

public takes place is through the mass media where the constant flow of messages and news has 

documented long-term attitudinal effects on its audiences (Scheufele, 2004). This is relevant for 

science communication because “...competing rationality claims are framed by different media(s) given 

that they are complexly differentiated and governed by different political, economic, and organizational 

constraints” (Anderson, 2015, p. 381). This opinion shaping effect occurs most frequently among 

politically right-leaning media conglomerates who promote commercially or ideologically motivated 

worldviews (Scheufele & Tewksbury, 2007). That is not to say that left-leaning medias are unbiased, 

but research show that groups that are politically oriented towards ideologies on the right side of the 

political spectrum are in fact more sceptical towards science. Schuldt, Konrath and Schwarz (2011) 

found on the topic of global warming that 56% of Republican voters see ‘no solid evidence’ for global 

warming being real. A peer-review of 11,944 articles on climate change would strongly disagree with 

this belief (Cook et. al., 2016). An interesting aspect of this study is that yes, 56% of Republicans were 

critical to ‘global warming’, but 60.2% of the same group endorsed ‘climate change’ as true (Schuldt et 

al., 2011).  

 

There is a technical difference between ‘global warming’ and ‘climate change’, but we argue that on a 

day-to-day basis they are used interchangeably to describe the same phenomenon. On this premise, the 

study demonstrates the great difference that the nuances of wording can have on both the understanding 

and acceptance of science. ‘Global warming’ might imply a stronger connection to human 

involvement, a notion that conservatives have traditionally been opposed to (Schuldt et al., 2011). 

Scheufele (2006) coins such attitude phenomena as ‘low information rationality’ where instead of 

developing an in-depth understanding of complex issues, we form attitudes that function as powerful 

shortcuts for interpreting information. In the case of ‘global warming versus climate change’, this may 
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in fact be the situation as “...scientific discovery often yields contradictory evidence, lay individuals 

may often stick with a view formed earlier that may no longer converge with state-of-the-art scientific 

knowledge (Knobloch-Westerwick, Johnson, Silver & Westerwick, 2015, p. 596). This is an important 

point, as science communicators cannot easily ‘change’ the non-negotiable aspects of these scientific 

findings. As such, this helps to lead credence to the idea that science communicators much change 

‘how’ this information is communicated.  

 

The symptoms of the most extreme cases of the backfire effect was often associated with men wearing 

tinfoil hats, but with the emergence of ‘alternative facts’ it has become seemingly socially accepted, 

and in certain communities encouraged, to wrap your head in a new kind of invisible aluminium 

foil.  One who has experienced great success in the sale of such eye-opening foil is the conservative 

U.S. newspaper Breitbart. There is an article from 2017 written by James Delingpole that seeks to once 

and for all end the debate on global warming titled ’Global Warming’ Is a Myth, Say 58 Scientific 

Papers in 2017 (Delingpole, 2017). In sum, it argues that we must not believe the ugly propaganda of 

the scientific establishment and all available data from this establishment is false, full stop. Needless to 

say, the way in which the article interprets the scientific evidence is incorrect or at best profoundly 

biased. This we can say because the article is an inadequate reflection of available scientific evidence 

on climate change (Cook et. al., 2016). However, it serves as a contemporary example of the lengths to 

which patternicity and backfire effects can pervade. Breitbart found a false pattern where the evidence 

suggests otherwise and in turn accepted false information as true. Secondly, it demonstrates the concept 

on motivated reasoning and confirmation/disconfirmation bias (Kunda, 1990) that describes how we 

process information and intuitively select information that fits our worldview and disregard all which 

fails to do so. As such, the same available information can be interpreted very differently depending on 

the held beliefs of the individual. Be that as it may, professor of philosophy of science at Columbia 

university, Philip Kitcher, sheds light on the underlying paradox with the kind of reasoning Breitbart 

promotes. The absurdity of the situation is that by bluntly rejecting data from the scientific 

establishment “...they simultaneously deny the possibility of rational standards for assessing evidence” 

(Kitcher, 2001, p. 32).  
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There is a doctrine called ‘The Underdetermination of Theory by Evidence’ which states that “...there 

are alternative theories which are not simply equally well supported by any evidence we have but 

which would continue to be equally well supported given any amount of evidence we could ever 

collect” (Kitcher, 2001, p. 30). One can only speculate, but we suspect that researchers and scientists 

alike are aware of the predicament concerning the need for evidence. Regardless of the inconvenient 

headache such a proposition may produce, it does effectively highlight the paradox of the likes of 

Breitbart and its contradicting behaviour. Despite this, Breitbart is seemingly rather successful in its 

efforts to smear the public image of what constitutes rational standards for evidence. It is therefore a 

good example of the acute need within science for better communication practices that can educate the 

public on the scientific method with regards to evidence-based reasoning. With regards to such a 

demand, it could be worthwhile to have another look at how science is presented in the media in 

general.  

 

Scientific news on subjects that the audience has an insufficient understanding of is in a constant battle 

of attention with tabloid stories on murders, political scandals and love affairs (Bauer & Bucchi, 2007). 

They seldom win the attention as the language of science is objective. It is complex to be clear. These 

two combined may make it difficult for the public to become engaged as scientific news is ‘cold’ and 

complicated. Familiar stories are more comfortable and hence more attractive (Bauer & Bucchi, 2007). 

Given the strong attitudinal effect mass media has on how its audience processes messages and the 

barriers this creates, reviewing political communication negation models could be relevant. 

  

Applicability-based models of message framing that focus on framing, agenda setting, and priming are 

of interest as they examine how we think of an issue and whether we think about an issue at all 

(Scheufele & Tewksbury, 2007). Influencing how the audience thinks about a given topic refers to the 

concept of framing, which is an applicability-based model. Framing theory originates from psychology 

and sociology where identical decision-making scenarios, such as a news story, could be interpreted 

and evaluated completely differently by its audience depending on its presentation (Scheufele & 

Tewksbury, 2007). Much of this originates from the early work of Daniel Kahneman and Amos 

Tversky (1979) on behavioural economics and the prospect theory. According to their theory on 

judgement and decision-making, all information is reference-dependent meaning that prior beliefs and 
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context often function as reliable predictors for how the individual processes information (Kahneman 

& Tversky, 1979). Science is, unfortunately, vulnerable to misinterpretation as complex topics are 

highly ambiguous because there are so many ways of examining the same issue. For instance, a 

melodramatic person can perceive GMOs as either the saviour of mankind or as one of the four 

horsemen in the Christian apocalyptic vision. It all depends on the frame in which it is presented, and 

the more frames there are available the more the perceived risk increases (Scheufele & Tewksbury, 

2007). Frames are therefore a vital tool for science communicators as it helps the audience by 

connecting new information to what they already know and by doing so highlights the significance of 

the given topic. This adds further support to the notion that science communicators must create the 

change they wish to see, as opposed to having a frame dictated to them.  

 

With regards to the dissemination of scientific findings, this would often entail reducing the level of 

complexity of a given topic to more effectively communicate a desired response (Scheufele & 

Tewksbury, 2007). In 1996, Ian Wilnut and his team successfully managed to clone the first animal 

ever, Dolly the sheep. It was a huge milestone for the field of biology, yet it was not received with 

equal admiration around the world. In Italy, the story was presented in a 'sexy' way as it possessed 

elements of reproduction, immortality and curiosity of the unknown. The Italian media embraced it 

immediately and biology became front-page material (Bauer & Bucchi, 2007). In contrast, the U.S. 

media placed their focus on the questions of why and who would do this. The scientific processes 

behind the cloning were not of interest as the ethical implications were highlighted, which led many to 

perceive the project as unholy and wrong (Bauer & Bucchi, 2007). This is an example of framing on a 

macro construct level as framing theory seeks to explain the modes of presentation used by the media 

to more efficiently resonate with its given audience whose values are already known/shaped by the 

same source (Scheufele & Tewksbury, 2007).  

 

The literature presented thus far has outlined several principal barriers that science communication 

must overcome in order to reach out to all members of society with its message of enlightenment. 

However, theory and practice have a tendency of diverging from one another when push comes to 

shove. The following section will explore untraditional platforms and alternative methods for 
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communicating science that have been utilised so far. It is in such approaches that we may find 

potential solutions to overcoming these aforementioned barriers.                                  

 

Proposed solutions 

Recognising the challenges of past communication efforts, scholars and professionals are now pushing 

for a more dialogic model of dynamic communication of science (Ahteensuu, 2012). The challenge of 

today’s dynamic information environment is that science is increasingly scrutinised by involved 

citizens who seek to democratise expertise and criticise experts. As such, a post-interventionist 

understanding of science and technology policies that are aligned with socio-cognitive models for the 

environment in which the communication takes place are in demand (Bora & Hausendorf, 2010). 

Multiple suggestions for how to go about such an intervention have been made, but one that is gaining 

increasing momentum is that of Besley, Dudo and Yuan (2017). They argue that if communication 

efforts have a well-articulated objective - being what the scientist seeks to accomplish when 

communicating - then the target group(s) becomes more visible, which in turn makes choosing the 

correct format for achieving such objective more likely (Besley et al., 2017). However, given the 

perceptions held by science communicators circumscribing a public suffering from knowledge deficits 

on scientific understanding, the challenge arises as to how to articulate realistic and achievable 

objectives. In regard to the two barriers mentioned, we suggest two initial approaches which may 

overcome them. These are simplification to overcome understanding barriers and promoting science 

curiosity to overcome acceptance barriers.   

  

Simplification 

Given the complex nature of scientific information, a somewhat obvious solution to overcome this 

barrier would be to simplify the information. This complexity has been referred to as the Curse of 

Knowledge (Zimmer, 2016). This is a phenomenon where an audience is presented with an 

overwhelming quantity of information. In turn, they are incapable of effectively processing the data as 

the whole entity of information becomes confusing. The theory argues on the basis of ‘less is more’ as 

it states that only the bare minimum of information needed to understand a concept should be presented 

to the public (Zimmer, 2016). This suggests that simplifying scientific information should aim to 

reduce the amount of information presented. However, the simplification of scientific information has 
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also been approached by rephrasing the scientific language used. For example, simplified language can 

increase people’s recall (Van Weert et al., 2011), understanding, and learning (Leroy, Endicott, 

Kauchak, Mouradi, & Just, 2013) in relation to healthcare information. It has been suggested that a 

text’s difficulty can be assessed based on aspects such as noun length (Leroy, Kauchak, & Hogue, 

2016). Simplification can include reducing the use of scientific words with three or more syllables. 

Likewise, simple alternatives to complex, scientific words should also be used. For example, using 

‘stopping’ instead of ‘cessation’ (Pruthi et al., 2015). However, evidence also suggests that arbitrary 

simplifications of words could prove detrimental if they sound ‘unnatural’ (Leroy et al., 2016). Thus, 

although simplifying language seems like reasonable strategy, there may be some limits to how 

‘simple’ language can become. 

  

One alternative simplification approach is to include visual elements. In this sense, information is 

simplified when it is translated from words to visual representations. This approach has been widely 

adopted for nutritional labels. Due to countries’ various mandatory labelling of food, there is a limit to 

how simple the text information can become. Instead, visual symbols which represent a set of ideas 

(e.g. a symbol indicating a 'healthy' food) are used to quickly communicate a message (Sharf et al., 

2012). It follows that we thereby might be interested in how simplification can be approached from a 

visual representation perspective.     

  

Science curiosity 

Even if the scientific information is simplified and therefore more understandable, we might expect that 

communication efforts will still run into the acceptance barriers. One interesting area that could help 

overcome some of these barriers is science curiosity. Science curiosity refers to the motivation one has 

for finding and consuming scientific information for intrinsic pleasure (Kahan, Landrum, Carpenter, 

Helft, & Jamieson, 2017). It differs from mere interest in science as the notion of curiosity has an 

underlying purpose of enquiry (Luce & Hsi, 2015). This seems to be more in line with science’s 

inherent purpose of discovering truths. Science curiosity has been shown to be an effective disposition 

for improved learning (Harty & Beall, 1984; Luce & Hsi, 2015) which suggests that it can also be an 

effective tool in promoting understanding. More interestingly, this notion has received increased 

attention recently as it was demonstrated that the higher one’s science curiosity, the less likely 
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individually motivated beliefs will affect one’s acceptance of a scientific claim (Kahan et al., 2017). 

Such motivated beliefs include one’s political affiliation or religion. If we know that such beliefs can 

prove detrimental to the acceptance of important scientific claims (Scheufele & Tewksbury, 2007), 

then science curiosity should be a concept of great interest. Therefore, by eliciting the public’s science 

curiosity, we might expect these specific acceptance barriers to be reduced. 

  

However, like simplification, a science curiosity approach may be insufficient in solving all of the 

mentioned problems with science communication. Although scientific curiosity can improve 

acceptance, there may need to be some base level of understanding initially in order for one to become 

curious (Kahan et al., 2017). For example, one needs to understand what global warming is in order to 

be curious about what potential solutions could be. Likewise, it has been shown that tools to promote 

science curiosity show a greater effect in those who already exhibit some initial degree of science 

curiosity (Shiomi, Kanda, Howley, Hayashi, & Hagita, 2015).  

  

Creative representations of science 

Although simplification and promoting science curiosity may have some shortcomings, the approaches 

clearly show some evidence of benefits. If we wish to investigate ways to overcome the barriers of 

science communication, we should therefore explore alternative ways in which these benefits could be 

manifested. We propose that exploring creative representations of science could be an interesting 

avenue. The rationale for this idea stems from the argument that aspects of simplification and science 

curiosity can be derived from creative representations. As mentioned, a visual representation of 

scientific information can be a form of simplification as it reduces the use of complex language (Sharf 

et al., 2012). We suggest that translating information into a visual format demands certain creative 

decisions. In turn, it has also been demonstrated that science curiosity can be promoted through various 

novel methods of expression. Examples include the use of scientific animations/videos (Barak & Dori, 

2011) and even an interactive robot (Shiomi et al., 2015). These methods are creative representations 

insofar as they deviate from traditional forms of science communication. In addition to potentially 

acting as a form of simplification and driver of science curiosity, creative representations may yield 

other desirable qualities for the communication of science. As such, we will now explore the various 

ways in which creative approaches to communicating science have been done.  
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Creativity in science 

Imbuing creative elements into scientific information is not a novel idea. For example, several studies 

investigated students using creative skills in the learning process of scientific information compared to 

control groups (Webb & Rule, 2012, 2014). In both studies, those which implemented creative skills in 

their learning process (e.g. visually reproducing a plant’s life cycle) experienced a moderate increase in 

their overall knowledge of the topic area compared to a control group (Webb & Rule, 2012, 2014). 

Although creativity has traditionally been confined to the artistic realms, there is increasing belief that 

creativity serves as a fundamental building block through which knowledge can be communicated to 

bring about societal change (Ox & Van Der Elst, 2011; Sales, Fournier, & Sénéchal, 2007).   

  

However, we are inevitably faced with the dilemma of how we wish to define something as creative. 

Indeed, it was found that across a selection of 90 peer-reviewed articles pertaining to the notion of 

creativity, only 38% provided an explicit definition (Plucker, Beghetto, & Dow, 2010). Furthermore, 

such definitions differed markedly across the relevant traits that were deemed to be quintessential 

elements of something creative (Plucker et al., 2010). In part, these diverging definitions help reflect 

the myriad of various disciplines in which we might expect to see notions of creativity discussed. For 

example, a piece of art may be called creative, an organisation may be structured creatively, or perhaps 

we might think of a person as having a ‘creative mind’. Without a clear, universal way to define 

something as creative, we must therefore explore what conceptions of creativity are most relevant for 

our purposes. One interesting approach has been to broadly divide creativity into various subsets. 

Glăveanu (2018) suggests that creativity can be archetypally divided into artistic, inventive, or craft-

based creativity. Such separations are based upon how the creativity interacts with society. Novelty and 

originality are hallmarks of an artistic approach whereas value and utility are indicative of inventive 

creativity (Glăveanu, 2018). However, in the case of a creative approach to scientific communication, it 

would seem that there are characteristics of both. For example, creative communication of scientific 

information may be inherently novel in its expression, yet the use of creativity may also serve 

utilitarian purposes. The following will evidence one example of this. 
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Science communication and art 

On the surface, it would seem that art and science share little in common, yet “...creative art, like 

creative science, has to do not with fitting fresh information into existing modes of thought but with 

challenging and changing the modes of thought themselves” (Ferris, 2002, p. 7). Caryl Churchill 

produced a stage performance titled A Number which, along with the entertainment aspects, sought to 

increase audience engagement surrounding the controversial topic of human cloning (Donkers & 

Orthia, 2016). A study was conducted to gauge the efficacy of the stage performance in terms of 

engagement in this issues at hand. Key findings indicated that that those who attended the play, and 

engaged in a focus group thereafter, discussed the issue of human cloning in qualitatively different 

ways than those who did not attend the play but participated in a focus group. In essence, they reflected 

more so on the emotional characteristics of what is a somewhat controversial issue. This is an 

interesting finding as this contrasts the typical perception of science as ‘cold’ (Bauer & Bucchi, 2007). 

In turn, we might suggest that by imbuing science communication efforts with such elements, the 

findings may be more digestible for the public.  

 

Furthermore, the ramifications of these findings seem to support the notion that different methods of 

communication can produce different opinions; even when discussing the same subject area. If this is 

the case, then altering the method of communication may be a step in the right direction towards 

changing the public’s perception of various scientific claims. This notion was recognised as a strength 

by the respondents, yet it is worth considering an important drawback of this creative approach. While 

such a performance may yield high audience engagement due to its immersive entertainment qualities, 

it lacks the reach to influence large amounts of people. This is due to the fact that physical attendance is 

required in order to receive the message. Furthermore, playgoers were somewhat reluctant to share 

their experiences with others as they found the subject matter too difficult to articulate into a 

meaningful dialogue (Donkers & Orthia, 2016). Such ramifications provide insight into how an 

inherently artistic approach may not always be the best solution when directing communication for 

public purposes. Instead, we should recognise the elements that work and discount those that do not. 
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Science communication and creative visuals 

Therefore, while we have discussed the various benefits and rationale for using a creative approach, we 

must also be considerate about how abstract the communication becomes. Indeed, science writer 

Timothy Ferris suggested that “Ambiguity, for instance, can be a virtue in literature … but ambiguity is 

a problem if your goal is to convey a recipe or explain the proton-proton fusion chain in main-sequence 

stars” (2002, p. 5). As such, we will narrow our line of enquiry to creative representations of science in 

a video format. Videos of scientific information have proven to be beneficial due to the ability to 

capture and maintain attention, be distributable across various media devices, and be shareable on 

social media platforms (McGillion, 2017). The idea that different methods of communication can have 

vary in how knowledge is transmitted is not inherently new (Ox & Van Der Elst, 2011). However, there 

is increasing recognition that technology has hastened the rate at which we adopt new methods. 

Although a video format usually comprises of moving images and accompanying audio, we suggest 

that it is largely the visual aspect which is predominately creative. Visual representations demand 

creativity in decisions for the use of imagery, colours, and overall aesthetic style. But what benefits 

would creative visual representations hold over traditional scientific texts? 

  

A useful analogy might be to think of children's books. A somewhat obvious and defining 

characteristic of children’s literature is that there is extensive use of pictures. Pictures are used due to 

the recognition that children tend to have “limited vocabulary, syntax and world knowledge” to 

appropriately understand most written text (Fang, 1996, p. 138). As such, pictures are suggested to be 

more familiar within one’s experiences compared to words which tend to lack this experiential 

component. Indeed, this links back to the earlier suggestion that the public's education rests upon a 

logical relationship between the phenomena (X) and their daily experiences (Y) (Collier & Toomey, 

1997). This notion has been demonstrated many times, with the findings suggesting that pictures are 

more effective at abstracting ideas than written words in children (Apperly, Williams, & Williams, 

2004). However, we must recognise that this analogy does not aim to suggest that the public’s 

understanding of written scientific material is comparable to that of a child trying to read a basic text. 

Instead, it helps to highlight situations where a lack of knowledge of relevant written language can be 

addressed through the use of visual imagery. Therefore, like the child who has a lack understanding of 
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many basic words, so too does the public have a lack of understanding of scientific language and 

information.  

  

Nevertheless, this is not to suggest that visual imagery does not require a unique process of 

comprehension of its own. For example, it has been suggested that an image’s comprehension can be 

influenced by one's cultural associations with elements such as colours, composition, and style (O'Neil, 

2011). However, we are interested in visual communication for public purposes. In turn, we might not 

expect significant cultural variability if the communication is directed at one public audience/culture in 

particular. An interesting example of such a visual approach includes a project which sought to visually 

represent complex scientific information (Nettley, Desilvey, Anderson, Wetherelt, & Caseldine, 2014). 

Specifically, the project was concerned with the visual mapping of sea-level rises for an audience of the 

general public. The authors suggest that such creative visualisation approaches not only encourage 

more engagement from the recipient, but also that “they provide a synoptic perspective of issues that 

are difficult to represent and contextualise in other formats” (Nettley, et al., 2014, p. 651). However, 

while ambitious in the project, the researchers did not seek to test the efficacy of the visualisation 

approach compared to more traditional methods. This criticism helps to highlight that, although there 

has been some research into the utilisation of creative scientific communication, the field may appear to 

be lacking in information regarding the efficacy. 

 

Additionally, videos may also exhibit other desirable characteristics. For example, narratives have been 

suggested as an effective tool for science communicators as they can help the public reconcile the 

significance of the scientific findings in light of their social world (Torres & Pruim, 2017). This is of 

interest as familiar stories are often more digestible for the public (Bauer & Bucchi, 2007). Thus, 

videos which imbue some degree of a narrative in their expression may prove useful for science 

communicators. Furthermore, consider the additional elements that make up a video; animations, sound 

effects, narration, music, and artistic style. Such elements provide additional paths for the science 

communicator to define the frame in which the information is perceived. As the frame in which 

scientific information matters (Scheufele & Tewksbury, 2007), this extra level of control may be 

beneficial. In addition, videos may also demand less cognitive effort from the recipient compared to 

written text (Salomon & Leigh, 1984). This could prove useful for countering the effects of disfluent 
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information that runs contrary to the pre-held beliefs of the viewer (Lewandowsky et al., 2012). For 

these reasons, videos may be an effective method of communication for overcoming some of the 

inherent challenges of communicating scientific information. This speculation therefore motivates us 

towards testing this method of communication and its effectiveness in increasing public understanding 

and acceptance. 
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Methodology 

 

Present research 

The preceding literature tends to indicate that the field of science communication is an inherently 

complex environment that is experiencing a cacophony of problems. Some of these problems exist as a 

result of the inescapable complexities of scientific information. Likewise, due to the increasing 

polarisation within our societies (Hart & Nisbet, 2012) and the imbuement of non-scientific judgements 

(e.g. political stances) into the scientific discourse (Anderson, 2015) the problems may only continue to 

manifest. As the public has no self-correcting mechanism to divert from this path, some form of 

intervention or change is necessary. Our approach is from the perspective of the science communicator, 

as opposed to alternate approaches such as legislative or political. While the efforts of science 

communicators are inarguably interwoven with such alternative approaches, in our view the burden 

rests upon them to provide this catalyst for change. From a communication point-of-view, this could be 

approached from several angles. For example, communication efforts could be adjusted based upon the 

frequency, the target audience, the content of the communication, or perhaps even the framework in 

which it operates (e.g. a public dialogue).  

 

However, we are interested in whether changes in the method of communication can yield any benefits 

to overcome these described challenges. The basic rationale for this suggestion are three-fold. Firstly, 

as technology and the media environment are in a constant flux, the way in which the public consumes 

information, both scientific and non-scientific, is continually changing (Britt et al., 2014). As it has 

been suggested that science communicators must align their efforts with the daily experience of the 

public (AAAS, 2017) it seems prudent to adapt the communication style accordingly (Bora & 

Hausendorf, 2010). Moreover, scientific information has some inherent complexities that make it 

difficult for the public to understand (Scheufele & Tewksbury, 2007). Some of this stems from the 

complex language of science (Bauer & Bucchi, 2007). The simplification of language can help mitigate 

this and improve recall and understanding (Van Weert et al., 2011; Leroy et al., 2013). Suggestions to 

achieve simplification include reducing the amount of information conveyed (Zimmer, 2016), reducing 

the complexity of the wording (Pruthi et al., 2015), and using visual elements to quickly communicate 

an abstract idea (Sharf et al., 2012). This last suggestion seems to be in alignment with the need for 
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adapting the method of communication to suit the audience (Bora & Hausendorf, 2010) as a 

considerable amount of online information is distributed via videos (Welbourne & Grant, 2016; 

McGillion, 2017). Lastly, it has also been shown that novel methods of communication, such a video, 

can help to elicit science curiosity within individuals (Barak & Dori, 2011). As science curiosity has 

been shown to be a good predictor of increased acceptance of scientific claims (Kahan et al., 2017), this 

seems like a reasonable step towards overcoming some of the aforementioned barriers in science 

communication. GM is an effective area to test these ideas as there is a divergence between the 

scientific consensus and the public’s corresponding views (Pew Research Center, 2015a; 2015b). 

 

As such, we wish to test the efficacies of these suggestions. We expect that the research will contribute 

in two key areas. Firstly, while novel approaches have been utilised for science communication 

purposes (Nettley, et al., 2014; Donkers & Orthia, 2016), they have largely failed to test or compare the 

efficacies of these methods against more traditional approaches. In order for science communicators to 

shift their main method of communication from written text to videos it demands that this change 

actually produces desirable results. Any arbitrary changes will unlikely solve any of the challenges they 

face. Alternatively, we are also interested in testing the relationship between understanding and 

acceptance. For example, it has been shown that the understanding of evolution can predict the 

acceptance of evolution (Weisberg et al., 2018). Conversely, others have suggested that such a linear 

relationship does not exist (Sturgis & Allum, 2004). We wish to test whether this relationship between 

understanding and acceptance holds true within different areas of science, such as GMOs in our case. 

This relationship is of importance as it links back to the underlying objectives of science 

communicators. For example, if understanding predicts acceptance, then science communicators may 

wish to place their efforts on improving the public’s understanding. Conversely, if this is not the case, 

then science communicators may need to take other routes to create public change. With these 

considerations in mind, our research aim is therefore to assess people’s understanding and acceptance 

of GM crops and food before and after exposure to two different methods of communications. One 

method will be a traditional written text and the other a video. We are interested in whether there are 

any significant differences between the two in relation to increases in understanding or acceptance. 

Furthermore, as we are including these two concepts, we will also investigate whether people’s 

understanding of GM crops and food predicts their acceptance of it.  
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Hypotheses 

The overarching research question for this study is 'Is animated video more effective than written text at 

achieving the goals of science communication?'. Based on this, most of the focus for the hypotheses 

was placed on assessing any potential differences between video and text condition groups across a 

variety of metrics that we relate to the ‘goals’ of science communication.  

 

The concept of acceptance is a key notion that routinely arises when examining the public and 

scientific claims. For the public, acceptance of a scientific claim tends to suggest that they are in 

agreement with a given explanation and therefore incorporate the implication into their worldview. As 

previously argued, failure to accept certain scientific claims can have negative consequences for both 

the individual and society. In turn, science communicators ought to communicate in ways which foster 

public acceptance. Thus, the first metric we aim to test is the respondents’ acceptance of genetic 

modification (AOGM). This metric reflects the respondents’ acceptance before and after exposure to 

the stimuli, as well as the difference between these scores. See the Measurements section below for a 

detailed account of how AOGM is calculated.  

 

People face several barriers when considering their acceptance of a scientific claim or theory. For 

example, the acceptance of a scientific claim can be moderated by personally motivated reasoning 

stemming from aspects such as political affinity (Bauer & Bucchi, 2007) and compatibility with their 

prior beliefs (Lewandowsky et al., 2012). It has been shown that science curiosity can be an effective 

mechanism to overcome motivated reasoning when accepting a scientific claim (Kahan et al., 2017). 

Science curiosity can be stimulated through less traditional methods of communication (Barak and 

Dori, 2011; Shiomi et al., 2015). The video we use can be considered one of the novel forms of 

expression (Barak & Dori, 2011). We suggest that our video will promote some degree of science 

curiosity. As such, we expect that the video will help to overcome motivated reasoning amongst the 

respondents, and thereby increase the likelihood of accepting a scientific claim. This suggests that there 

may be differences in the video and text respondents’ AOGM scores. Therefore, our null and 

alternative hypotheses regarding AOGM are as follows: 
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H10 = respondents who are exposed to the video will show no difference in their changes in 

AOGM score compared to respondents who are exposed to the text. 

H1a = respondents who are exposed to the video will show a greater increase in their changes in 

AOGM score compared to respondents who are exposed to the text. 

  

In addition to acceptance, the related concept of understanding is also of importance. At times, it has 

been erroneously conflated with acceptance on the assumption that one is a strong predictor of the other 

(and vice versa). However, understanding is distinct from acceptance as it involves transforming 

unfamiliar phenomena into something familiar and comprehensible (Friedman, 1974). As a result, 

another key metric that we are interested in is the respondents’ understanding of genetic modification 

(UOGM). This metric reflects the respondents’ difference in understanding before and after exposure to 

the stimuli, along with the difference of these two scores. See the Measurements section below for a 

detailed account of how UOGM is calculated. As highlighted in the literature, simplified material can 

increase a person’s understanding and learning compared to more complex material (Leroy et al., 

2013). Visual representations of written text can act as a form of simplification (Sharf et al., 2012). As 

such, our video will act as a form of simplification over the more complex text. Therefore, we expect 

that the video will be more beneficial for understanding. Furthermore, science curiosity has been shown 

to improve learning and understanding (Harty & Beall, 1984; Luce & Hsi, 2015). Science curiosity can 

be promoted through various novel methods of expression (Barak & Dori, 2011; Shiomi et al., 2015). 

The video we use can be considered one of the novel forms of expression (Barak & Dori, 2011). We 

predict that our video will promote some degree of science curiosity. Therefore, the video may increase 

understanding. Taken together, these ideas lead us to hypothesise that respondents exposed to the video 

will exhibit differences in their UOGM scores. Thus, our null and alternate hypotheses regarding 

UOGM are as follows: 

  

H20 = respondents who are exposed to the video will exhibit no difference in their changes in 

UOGM score compared to respondents who are exposed to the text. 

H2a = respondents who are exposed to the video will exhibit a greater increase in their changes 

in UOGM score compared to respondents who are exposed to the text. 
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Lastly, we are also interested in whether the understanding of GM is predictive of the acceptance of 

GM. Despite many of the challenges mentioned which may prevent the translation of understanding to 

acceptance, there still exists some evidence that understanding can predict acceptance even when 

considering auxiliary factors (Weisberg, et al, 2018). However, we wish to assess whether this also 

holds true across different methods of communication and across different areas of science. 

Considering this, we are thereby also interested in whether the text and/or the video exhibit this 

relationship. This will be measured at four separate data points: Pre-UOGM with Pre-AOGM for the 

text respondents, Post-UOGM with Post-AOGM for the text respondents, Pre-UOGM with Pre-AOGM 

for the video respondents, and Post-UOGM with Post-AOGM for the video respondents. The following 

describe our hypotheses for this consideration: 

  

H30 = respondents who are exposed to the text will exhibit no relationship between their Pre-

UOGM score and their Pre-AOGM score. 

H3a = Pre-UOGM scores for respondents who are exposed to the text will positively predict 

their Pre-AOGM scores. 

 

H40 = respondents who are exposed to the text will exhibit no relationship between their Post-

UOGM score and their Post-AOGM score. 

H4a = Post-UOGM scores for respondents who are exposed to the text will positively predict 

their Post-AOGM scores. 

 

H50 = respondents who are exposed to the video will exhibit no relationship between their Pre-

UOGM score and their Pre-AOGM score. 

H5a = Pre-UOGM scores for respondents who are exposed to the video will positively predict 

their Pre-AOGM scores. 

 

H60 = respondents who are exposed to the video will exhibit no relationship between their Post-

UOGM score and their Post-AOGM score. 

H6a = Post-UOGM scores for respondents who are exposed to the video will positively predict 

their Post-AOGM scores. 
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The remaining structure of the methodology follows the process that was taken when formulating the 

research design. Philosophical aspects are reviewed, and based on the theoretical foundation these set, a 

suitable approach was chosen. Thereon, the strategy for conducting the research is outlined with 

regards to the choice of methods and techniques, and the procedures for data measurement and data 

analysis.  

 

Theory of science 

The nature of the thesis with regards to both the research question and the academic area in which we 

navigate gave rise to some inescapable philosophical challenges that primarily circumscribe the notion 

of objective truth. The research question was designed to explore methods for informing the public on 

scientific matters, assuming the premise that A is true, and B is false. In accordance with such a 

presumption, some of the guiding principles of positivism were adopted as it reasons that “... there are 

rational, logical, and scientific methods of determining and verifying truth about (objective) facts that 

transcend cultures and conceptual schemes” (Ikuenobe, 2004, p. 486). However, the positivistic 

approach limits itself when testing theory to that which is only observable and statistically 

representable (Hibberd, 2010). The theoretical framework that has been outlined for this thesis 

identified numerous barriers for understanding and accepting science. Identifying the underlying 

mechanisms that enables such barriers could prove to not be quantifiably measurable thus making a 

complete positivistic approach inadequate. Recognising the perimeters of a mono-methodological 

approach, epistemological views were explored in search for supplementing research philosophies. 

Realist theory resembles positivism as it sees the scientific method as a process where objects and 

natural phenomena exist in isolation from the human mind, but differs by being open for qualitative 

methods for recording human behaviour when confronted with stated experiences (Saunders, Lewis & 

Thornhill, 2006). Researching methods on how to effectively communicate the labour of scientific 

enquiries to the public might therefore be more fruitful if incorporating both philosophies in a multi-

method design. The benefit of merging these two is that one can get the best from both worlds. 

Positivism provides the raw definition of what constitutes truths whereas realism advocates that such 

truths can be interpreted differently depending on the subjective dimension of human behaviour 

(Hibberd, 2010). With regards to realism it must be noted that it holds two different forms, that being 



   
 

44 
 

direct- and critical realism (Saunders et al., 2006). The latter encapsulates the essence of the endeavour 

we sought to undertake as critical realism states that there are two steps the individual commits itself to 

when confronted with new experiences. These are “... the thing itself and the sensation it conveys” 

followed by “...the mental processing that goes on sometime after that sensation meets our senses” 

(Saunders et al., 2006, p. 105).  Given that we also wanted to validate and test theories of cognitive 

barriers for understanding and accepting science, the research philosophy of realism ultimately became 

the guiding principle for the thesis.  

 

Research strategy  

The research philosophies deemed appropriate resembles to a high degree that of scientific research. In 

accordance with such a practice, the research question was derived from literature and seeks to explain 

the relationship between two variables; the method of communication and the degree of effect such 

communication effort has on its audience. The thesis tested established theories in a novel way, in 

comparison to building theory, and was therefore using a deductive approach. Deduction differs from 

induction on multiple aspects, but primarily on the notion of applying scientific principles by moving 

from theory to data (Saunders et al., 2006). The hypotheses were deduced and expressed in operational 

terms (Robson, 2002) based on three identified metrics; AOGM, UOGM and if UOGM can predict 

AOGM. To effectively test our hypothesis and explain the causal relationship between the variables, a 

primarily quantitative approach was deemed appropriate. In order to facilitate such data collection, 

various research strategies were explored. With consideration to producing factual results to answer the 

research question and its objectives, a multi-method approach of two formats were chosen. Often 

referred to as the ‘golden standard’ for research, classic experiments study causal links by measuring if 

one independent variable can influence another dependent variable (Hakim, 2000). In accordance with 

theory, a classic experiment strategy was adopted by having an experimental and control group which 

were assigned at random to reduce manipulation of intervention and remove threats to internal 

validation (Saunders et al., 2006). This is to ensure that differences in data collected on the dependent 

variables are not attributed to the group composition. With consideration to time, economical resources 

and the amount of data produced from the sample size, the experiment was incorporated into a survey. 
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A questionnaire was developed (see Appendix A) where both groups were exposed to the same 

questions measuring understanding and acceptance of genetic modification before and after exposure to 

a stimulus. In addition, three questions were designed to measure how attentive each group were when 

presented with the stimuli. The questionnaire was predominantly designed to collect quantitative data 

with the exception of two questions where the respondents were asked to write comments on the survey 

and the stimuli presented, thus partly qualitative.   

  

The following sections will detail how we went about testing these predictions. 

 

Research design  

Based upon our quantitative approach and stated test hypotheses, an online survey was deemed to be 

the most appropriate tool for the job. The survey comprised of a questionnaire and two test stimuli. The 

questionnaire was developed and hosted via the Qualtrics platform which therefore acted as the primary 

means of data collection. In turn, a link to the survey was distributed via the Amazon Mechanical Turk 

(mTurk) platform. This is an online crowdsourcing platform that allows researchers to gain access to a 

wide selection of ‘workers’ who are then compensated for their time spent completing a task. For our 

purposes, key benefits of using the platform included its efficiency, inexpensiveness, large U.S. user 

base, and a more representative sample than traditional research populations such as university students 

(Buhrmester, Talaifar, & Gosling, 2018). The fact that mTurk is inexpensive is a benefit insofar as it 

allowed us to have greater sample size while having limited resources. This was deemed to be 

important as a greater sample size provided more favourable conditions to “discover theoretically 

relevant patterns” (Goodman & Paolacci, 2017, p. 198). Likewise, although it is unlikely that mTurk 

could provide a 100% representative sample of a given population, the platform’s users are relatively 

diverse. For example, given that mTurk has a compensation mechanism for ‘easy to acquire work’, 

some have argued that we might expect the respondents of mTurk to be disproportionately 

unemployed. However, this has been shown to not be the case, with as little as 10% of mTurk user’s 

being cited as unemployed (Goodman & Paolacci, 2017). Given the varieties of benefits this platform 

offered, we were sufficiently satisfied with using it as our tool for survey distribution and respondent 

sampling. 
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Sample 

The respondents were sourced through the Amazon Mechanical Turk (mTurk) platform. A total of 200 

respondents participated in the survey. These respondents were compensated $0.20 (USD) for the 

completion of the questionnaire. The questionnaire took 10 minutes, on average, to complete. 

Respondents were limited to U.S. residents only as the rationale behind this is linked to various 

reasons. We wished to limit the research to one country for consistency in the respondents’ political 

understanding. There are numerous variations of party systems across Europe whereas the U.S. 

operates under a clearly defined two-party system. Their political spectrum is mostly restricted to two 

opposing sides, that being conservative (Republican) and liberal (Democratic). Questioning a random 

sample of European citizens on where they stand on the political spectrum would arguably be a more 

challenging endeavour. Likewise, we sought consistency in media coverage and past communication 

efforts to ensure that the sample group has been exposed or had the chance to be exposed to the same 

information/misinformation. We argue this with reference to the study by Bauer and Bucchi (2007) 

where noteworthy differences in media framing on cloning between countries were demonstrated, that 

being the U.S. and Italy. Variations in framing proved to be a critical factor for what angle the 

following public debates on clone technology would take. The U.S. media were more sceptical towards 

cloning as they shed some rather unfavourable godless light on the matter which led the debate to see it 

as unholy and wrong. Contrarily, the Italian media were from day one absolutely thrilled about the 

technology which subsequently led the public debate to embrace it as both exciting and desirable 

(Bauer & Bucchi, 2007).  

 

In the same manner, we theorise that GM technology has received diverse national media coverage 

resulting in distinct differences in both public debates and understanding of GM food across the line. 

We therefore believe that data collected from one country, rather than many, will be more comparable 

as the participants will have had more equal exposure to information concerning GM.  Moreover, after 

reviewing legislations on the utilisation of GM crops one can find support for such belief. If the 

regulatory environment for GM crops is any indication of a nation's viewpoint on the matter at hand, 

then Europe and the U.S. could not be any further apart. The European legislative system has approved 

only one GM crop for commercial cultivation, that being Bt-insect-resistant maize. In contrast, the U.S. 

has approved the use of 96 various GM crops (Council for Science and Technology, 2017). One could 
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therefore assume that U.S. citizens would be more supportive of the technology given its permissive 

regulatory system, but that is not the case. In fact, 57% of the population do not believe eating GM 

food is safe (Pew Research Center, 2015b). Given that there is a scientific consensus that GM food is 

safe to eat (Pew Research Center, 2015a), conditions are perfect for this research design as evidence 

suggests that there is a high degree of misinformation in the U.S. on GM technology. Furthermore, 

much of the literature/data used for our theoretical framework originates from the U.S. We recognise 

that to more effectively discuss our findings in light of the identified theories we would prefer 

gathering our data from the same geographical location.  

 

Stimuli 

As the aim of the research was to investigate the efficacies of different forms of communication, two 

different stimuli were used. One of these was a written text and the other an animated video. These 

stimuli served the purpose of communicating information to the respondents about genetic modification 

and crops. Thus, the stimuli acted as our independent variable (IV) that was manipulated in order to 

answer our research question and hypotheses. During the questionnaire, all respondents received 

randomised exposure to only one of the stimuli. Respondents who were allocated the written text were 

labelled ‘ResText’ and those who were allocated the video were labelled ‘ResVideo’. Both stimuli 

were derived from information and materials from the Royal Society. The Royal Society is the United 

Kingdom’s largest organisation that promotes scientific research. Additional to the fact that they are the 

oldest national scientific organisation in the world, the Royal Society prides itself on its status as an 

independent research organisation (Hunter, 2017). As such, they seemed like a perfect organisation to 

source information from, especially on the somewhat controversial topic of genetic modification.  

 

In agreement with the Royal Society, we used a video they had produced, titled What is genetic 

modification?, as one of our stimuli. This video is available on their YouTube channel and is 02:06 

minutes long. The video briefly describes the basics of plant breeding, the goals of agriculture, and the 

various benefits and processes of crop breeding (both conventional cross-breeding and genetic 

modification). In addition to the appropriateness of the informational content, the video exhibited 

several characterised that were recognised in our preliminary literature examination as desirable. As 

with the study of Barak and Dori (2011), the video was in an animated format. This format allowed for 
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the visual explanation and representation of various genetic phenomena. Likewise, the assorted visual 

elements transitioned from one to another which helped to deliver a coherent narrative to the whole 

video. To accompany the visual elements, the video also featured a narration which helped to verbalise 

some of the information and animations presented. For static examples and a link to the YouTube copy 

of the video, please see Appendix B. 

 

As for the written text stimulus, this was derived in part from the video. The video’s narration was 

transcribed and converted into a written text. This was done as, although we were assessing any 

potential differences between methods of communication, we wanted the majority of the information 

contained within these methods to be the same. The reason for this is that it allowed a more accurate 

comparison between the two sample groups. If this was not done, then any potential differences in the 

results might be explained by differences in the information presented. Following this notion of 

comparability, further text was also added to the transcribed text in order to bring it to a total of 356 

words. This was done as the average person tends to read 228 words per minute in English (Trauzettel-

Klosinski, Dietz, & IReST Study Group, 2012). The original transcribed words represented 

approximately 1:10 of reading time. Similar studies that have assessed different forms of 

communication methods and their effect on knowledge controlled for equal time between the different 

forms of communication (Day & Foley, 2006). This was done any potential differences in results might 

thereby be explained by differences in time spent engaging with the information. Therefore, our aim 

was to bring the average expected reading time of the written text to be more in line with the length of 

the video. The supplementary text was developed on the basis of the visual information presented in the 

video. As such, this additional text was placed throughout the transcribed text at places where a similar 

visual representation was occurring. This added further comparability between the stimuli, although we 

also recognised that 100% similarity between the two would be difficult to achieve. In part, any final 

differences in similarity are ultimately as a result of the methods of communication. Given that we are 

interested in these differences between the methods, we therefore find the lack of 100% similarity 

permissible. Please see Appendix C for a copy of the written text stimulus used.  

 

An important characteristic that both the stimuli exhibited was that the information was presented in a 

factual way. By this we mean that the stimuli presented information about genetic modification in a 
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non-biased fashion. The acceptance or rejection of genetic modification was not advocated for, and in 

this sense the stimuli were not inherently 'persuasive'. However, we contest that the stimuli were 

persuasive insofar as they presented the necessary information in a relatable way so that individuals 

could reasonably make informed decisions and beliefs. We deemed this characteristic important as it 

has been shown that a person’s belief/knowledge that they are actively being persuaded can affect their 

likelihood of actually being persuaded (Shen, 2010). 

 

Measurements 

The questions contained in the questionnaire were our main form of measurement. Respondents were 

asked to answer these questions and their responses were recorded using Qualtrics survey software. 

Based upon the quantitative approach, the majority of these questions were thereby quantitative. Two 

qualitative, open-ended question was asked towards the end of the questionnaire in case any additional 

insights could be gathered. However, the quantitative questions formed the basis for our primary 

analysis of interest. A series of true/false, multiple choice, agree-disagree, and other scale-based 

questions were used as our means of eliciting data.  

 

Primary metrics 

The first key metric that we were interested in measuring was the respondents’ acceptance of genetic 

modification (AOGM). An AOGM Index was created to show separate scores for the ResText and 

ResVideo condition groups. Each respondent had a Pre-AOGM score (before stimulus exposure) and a 

Post-AOGM score (after stimulus exposure). Pre-AOGM was measured using four questions that asked 

the respondents to rate some statements on a 5-point scale ranging from 'Strongly disagree (1)' to 

'Strongly agree (5)'. Post-AOGM was also measured using the same questions as in pre-stimulus phase. 

The scores of these four questions were added together and averaged to give a composite score of 

acceptance. The first two statements were 'There are significant benefits to genetically modified food' 

and 'There are significant risks to genetically modified food'. It has been demonstrated that an inverse 

linear relationship tends to arise between a person’s perception of benefits and their perceptions of risks 

in regard to a variety of areas (Slovic, Kraus, Lappe, & Major, 1991). Likewise, due to this inverse 

relationship, the perceived benefits can be increased by decreasing the perceived risk (Alhakami, & 

Slovic 1994). Moreover, it has been found that the public’s acceptance of genetic modification can be 
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increased by the recognition of benefits (Frewer, Howard, & Shepherd, 1995). Based upon these 

claims, our risk and benefit questions seem like a reasonable component for assessing acceptance. As 

such, the acceptance score increased the higher the 'benefits' agreement score was and the lower the 

'risks' agreement score was. Furthermore, the other two questions in the pre and post acceptance section 

included questions regarding the respondents’ attitudes on the purchase and sale of genetically 

modified food. These were 'People should have the option of buying genetically modified food' and 'I 

would buy genetically modified food'. Likelihood of purchase has previously been used as metric to 

assess people’s acceptance of genetically modified food (Hossain, Onyango, Adelaja, Schilling, & 

Hallman, 2004). We included questions that alluded to the purchase behaviour of both the respondent 

and other people as previous surveys have indicated different results when referring directly to 'you' 

versus more generic claims (Noussair, Robin, & Ruffieux, 2004). Therefore, a combination of both 

questions allowed for a greater potential range of possible answers. Please see questions Q7 and Q21 in 

Appendix A for a copy of the pre and post acceptance questions. Based on these questions, Pre-AOGM 

and Post-AOGM scores were added up independently to provide each with a total out of 20 (four 

questions with a maximum score of 5). This was then divided by 20 to reflect the Pre-AOGM and Post-

AOGM scores in a decimal format (as a proportion out of 1). 

  

As mentioned, assessing the respondents’ understanding of genetic modification (UOGM) was one of 

our key metrics. An UOGM Index was constructed to display separate scores for the ResText and 

ResVideo condition groups. Each respondent had a Pre-UOGM score (before stimulus exposure) and a 

Post-UOGM score (after stimulus exposure). Pre-UOGM was assessed using 12 true/false questions. 

The correct answer to 6 of these questions was 'true', and the correct answer to the other 6 was 'false'.  

Thus, there was a maximum possible score of 12/12. Post-UOGM was assessed using the exact same 

questions as in the pre-stimulus understanding portion of the questionnaire. The reason for this was to 

ensure as much comparability between any before-and-after effects. Due to this, the question order was 

also randomised so that the memory of Pre-UOGM order could not be used to answer the Post-UOGM 

questions. The 12 questions were constructed on the basis of the information provided in the text and 

video. This was as we wanted to assess the extent to how the information provided (and how it was 

communicated) influenced any changes in understanding. Please see questions Q13, Q14, Q28 and Q29 

in Appendix A for a copy of the pre and post understanding questions. Both the Pre-UOGM and Post-
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UOGM scores were added up independently to give two separate scores out of 12. These were then 

divided by 12 to reflect the Pre-UOGM and Post-UOGM scores in a decimal format (as a proportion 

out of 1). 

 

Secondary metrics 

In addition to our primary metrics and their questions, we also measured the respondents across a 

variety of other categories. The purpose of these secondary questions was to provide additional data in 

case any un-hypothesised insights could be drawn.  

 

The first of these categories was the respondents’ support for the use of genetic modification in 

agriculture (Support). This was measured as we wanted to assess the respondents against one tangible 

example of how genetic modification could be used (as opposed to the theoretical nature of the 

technology). Each respondent had a Pre-Support score (before stimulus exposure) and a Post-Support 

score (after stimulus exposure). Pre-Support and Post-Support were measured using a 100-point sliding 

scale that asked the respondents’ “How supportive are you of the utilization of genetic modification 

technology in agricultural production?”. The scale ranged from 'Not supportive (0)' through to 

'Completely supportive (100)'. Please see questions Q8 and Q22 in Appendix A for a copy of this scale. 

Pre-Support and Post-Support scores were thereafter divided by 100 to reflect a decimal format (as a 

proportion out of 1). 

 

The next category of secondary questions included attention questions based upon the stimuli 

(Attention). This category included three multiple-choice questions, each with four choices (and only 

one correct answer). These questions asked the respondents about aspects of the stimuli that they were 

exposed to and were not inherently related to understanding of the information. For example, one of 

these questions was 'Which organisation provided the text on genetic modification?'. The purpose of 

the attention questions was to measure whether either stimulus exhibit greater potential for attention 

and recall, independent of factual knowledge. A maximum score of 3/3 was possible. Please see 

questions Q31, Q32, Q33, Q36, Q37 and Q38 in Appendix A for a copy of these questions. The 

respondents’ scores were added together and then divided by 3 to reflect a decimal format (as a 
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proportion out of 1). Based upon previous literature regarding simplified information, we expected the 

video stimuli to have greater recall (Van Weert et al., 2011). 

 

The respondents were also asked two opened ended, qualitative questions. The first was 'How 

informative did you find the video/text on genetic modification? Please feel free to add any of your 

thoughts'. We included this question to provide additional insights for what our main findings might 

reveal. The other open-ended question was 'If you have any further comments regarding the study, 

please add them here' and was the last question of the survey. This question was included to allow for 

further insights into the respondents’ perception of the material, subject area, and research design. 

 

Additionally, two attention 'check' questions were also included throughout the UOGM questions (one 

pre and one post). These were in a similar true/false format. The purpose of these questions was to 

ensure that the respondents were actually answering the questions truthfully. Our respondents were 

sourced through the mTurk platform which provides compensation for completing the study. However, 

it has been shown that occasionally respondents may answer surveys by randomly selecting answers in 

order to reduce the time spent on them and thereafter gain their monetary award (Buhrmester et al., 

2018). Thus, to prevent this, the two attention check questions asked things which had an obvious 

answer. These were 'Genetic Modification is a common surname in Spain' (false) and 'Genetic 

modification was invented by kangaroos' (false). If a respondent answered true to either of these 

questions they were not included in the study and were not compensated. Answering questions honestly 

and properly was a pre-condition as explained in the consent form, so these respondents’ exclusion was 

deemed appropriate from an ethical point-of-view. 

 

Lastly, seven categories of demographic information were also recorded. These included: age, gender, 

U.S. state of residence, education, income, political leanings, and religiosity. The questionnaire also 

featured several other questions, yet these were ultimately not utilised in our analysis. These questions 

were initially included in case they revealed any supplementary insights, yet upon analysis they were 

deemed to be inconsequential.  
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Procedure 

To begin, respondents accessed the questionnaire via the mTurk platform. These respondents self-

selected themselves into the questionnaire after being presented a brief description of the research 

content and process. After this, respondents followed a link provided on mTurk that presented the 

questionnaire on the Qualtrics survey platform. After agreeing to the use of their data based upon the 

provided consent form, the respondents were then presented the first round of questions. This 

questionnaire block was referred to as the 'Pre-Stimuli Questions'. These questions assessed the 

respondents on their baseline UOGM, AOGM, and Support. Once this round of questioning was 

completed, the respondents were randomly allocated into one of the two test conditions; a written text 

or a video. They were asked to read/watch the information provided in its entirety as follow up 

questions would be provided thereafter. The questions which followed these stimuli were referred to as 

the 'Post-Stimuli Questions'. These questions assessed the respondents’ UOGM, AOGM, Support, and 

Attention after having been exposed to the stimuli. The questions used were direct copies of the 

corresponding ones used in the 'Pre-Stimuli Questions' as we wanted to ensure as much before-after 

compatibility as possible. After filling out these questions, the respondents were asked a series of 

demographic questions to conclude. To finish, the respondents were thanked for their time and 

provided a unique mTurk code that they could use to receive their compensation. This compensation 

was paid out if the respondents met the stated prerequisites (e.g. providing valid answers to all the 

questions).      

  

Data analysis 

200 responses were collected over an approximate 12-hour period. Of these 200 responses, 42 

respondents and their subsequent responses were removed due to a failure to answer the attention check 

questions correctly. Of the remaining 158 respondents, 77 were randomly allocated into the ResText 

condition group and 81 were randomly allocated into the ResVideo condition group. SPSS statistical 

software was used to perform the relevant analyses. The results section will detail what statistical tests 

were used for each of these analyses. All statistical significance was assessed using a p value of 0.05, 

and where necessary, figures were rounded to a maximum of four decimal places. 
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Results 

 

 The following sections will detail the main findings from the research and their relevant 

interpretations. To begin, the between-groups analyses will be described as this was a primary interest 

in the research. These analyses detail any differences between the ResText and ResVideo in regards to 

changes in pre-post scores across a variety of metrics plus the differences in Attention scores. Next, a 

series of within-group analyses will be described to illustrate any changes that happened within each 

stimuli group independent of one another, and whether understanding can predict acceptance. 

Thereafter, we will explain how we interpret these results and what possible explanations there could 

be for them. To conclude, we will highlight some of the additional limitations that may be present in 

the research design. 

 

The following table details some of the relevant demographic characteristics in our test sample. These 

measurements were categorical and thus are reflected in frequency and percentages.  

 

Table 1. 

Frequencies of demographics in sample 

 Total (n = 158) ResText (n = 77) ResVideo (n = 81) 

 Frequency  Percent Frequency Percent Frequency Percent 

Gender       

    Male 61 38.6% 31 40.3% 30 37.0% 

    Female 97 61.4% 46 59.7% 51 63.0% 

       

Age       

    18 – 24 18 11.4% 8 10.4% 10 12.3% 

    25 – 34 51 32.3% 27 35.1% 24 29.6% 

    35 – 44 43 27.2% 21 27.3% 22 27.2% 

    45 – 54  27 17.1% 15 19.5% 12 14.8% 

    55 – 64 16 10.1% 6 7.8% 10 12.3% 
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    65 – 74 2 1.3% 0 0.0% 2 2.5% 

    75 – 84 1 0.6% 0 0.0% 1 1.2% 

       

Politics       

    Liberal 73 46.2% 36 46.8% 37 45.7% 

    Conservative 58 36.7% 28 36.4% 30 37.0% 

    Other 27 17.1% 13 16.9% 14 17.3% 

       

Religion       

    Yes 61 38.6% 30 39.0% 31 38.3% 

    No 89 56.3% 43 55.8% 46 56.8% 

    No comment 8 5.1% 4 5.2% 4 4.9% 

 

Three other demographics, State, Education, and Income, were omitted from this table due to their 

extensive and descriptive categories. Figures regarding these demographics can be found in Appendix 

D.  

  

Between-group analyses 

A one-way ANCOVA was conducted to determine if a statistically significant difference existed 

between ResText and ResVideo in Post scores while controlling for Pre scores. This was conducted 

across the variables of AOGM, UOGM, and Support. The purpose of these analyses was to assess 

whether the method of communication (stimulus) had any effect on changes in scores.   

 

Table 2. 

One-way ANCOVA for Post scores between ResText and ResVideo controlling for Pre score 

Measure F Mean2 df p 

Post-AOGM 0.731 0.007 1 0.394 

Post-UOGM 0.163 0 002 1 0.687 

Post-Support 1.844 0.033 1 0.177 
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There was no significant effect of stimulus on Post-AOGM scores after controlling for Pre-AOGM 

scores, f(1, 155) = 0.731, p = 0.394. This suggests that the method of communication had no effect on 

the respondents’ changes in acceptance of genetic modification. Likewise, there was no significant 

effect of stimulus on Post-UOGM scores after controlling for Pre-UOGM scores, f(1, 155) = 0.163, p = 

0.687. This suggests that the method of communication had no effect on the respondents’ changes in 

understanding of genetic modification.  Lastly, there was no significant effect of stimulus on Post-

Support scores after controlling for Pre-Support scores, f(1, 155) = 1.844, p = 0.177. This suggests that 

the method of communication had no effect on the respondents’ changes in support for the use of 

genetic modification in agriculture.  In summary, these three tests reveal that the method of 

communication had no significant effect on the respondents’ change in score across all of these metrics. 

 

However, the other key between-groups analysis revealed some significant results. An independent 

samples t-test was conducted to assess any potential differences in Attention scores between ResText 

and ResVideo. The purpose of this analysis was to assess whether either stimuli was more effective in 

eliciting the attention of the respondents. 

 

Table 3.  

Independent t-test comparing ResVideo and ResText Attention scores 

Group Mean SD df p 

ResVideo 0.8701 0.2036 152 0.000 

ResText 0.7273 0.2578   

 

 

ResVideo exhibited significantly higher attention scores (m = 0.8701, sd = 0.2036) than ResText (m = 

0.7273, sd = 0.2578), t(152) = -3.817, p = 0.000. The difference of 0.1428 indicates that ResVideo 

Attention scores were higher than ResText Attention scores. This difference suggests that the video 

stimulus was more effective in eliciting attention than the text stimulus was. Further between-group 

analyses descriptions can be found in Appendix E. These provide the various tests such as the 

homogeneity of Pre score between ResText and ResVideo. 
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 Within-group analyses 

In addition to these analyses, several within-group analyses were conducted to measure any effects 

within each stimulus group, independent of one another. The first of these was to assess whether 

UOGM (IV) acted as a predictor of AOGM (DV). This was conducted via a simple linear regression 

and was measured for each group in both the Pre and Post tests.  

 

A significant regression equation was found for ResText in the Pre scores, and for ResVideo in the Post 

scores. For ResText this was f(1, 75) = 8.971, p = 0.004, with an r2 of 0.107. This suggests that the Pre-

UOGM score predicts the Pre-AOGM score for ResText. For ResVideo this was f(1, 79) = 6.980, p = 

0.010, with an r2 of 0.081. This suggests that the Post-UOGM score predicts the Post-AOGM score for 

ResVideo.  

 

However, no significant regression equation was found for ResText in the Post scores, and for 

ResVideo in the Pre scores. For ResText this was f(1, 75) = 3.934 , p = 0.051, with an r2 of 0.050. This 

suggests that the Post-UOGM score does not predict the Post-AOGM score for ResText. However, 

there was a significant correlation between these two variables, r = 0.223, n = 77, p = 0.025. For 

ResVideo this was f(1, 79) = 3.552, p = 0.063, with an r2 of 0.043. This suggests that the Pre-UOGM 

score does not predict the Pre-AOGM score for ResVideo. However, there was a significant correlation 

between these two variables, r = 0.207, n = 81, p = 0.032. Taken together, these findings seem to 

suggest that UOGM was an unreliable predictor of AOGM. 

 

The other key within-groups analysis involved a paired samples t-test to assess any potential 

differences in Pre scores and Post scores for ResText and ResVideo. This was conducted across the 

variables of AOGM, UOGM, and Support. The purpose of these analyses was to assess whether the 

either stimulus group actually experienced statistically significant increases across these scores.  
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Table 4.  

Within-Group scores for AOGM, UOGM, and Support 

 ResText (n = 77) ResVideo (n= 81) 

 Mean SD df p Mean SD df p 

AOGM         

Pre 0.6688 0.1862   0.6537 0.1935   

Post 0.7292 0.1814   0.7302 0.1859   

Change* 0.0604 0.1068 76 0.000 0.0765 0.1013 80 0.000 

         

UOGM         

Pre 0.7175 0.1606   0.7479 0.1624   

Post 0.7446 0.1501   0.7572 0.1532   

Change* 0.0271 0.1321 76 0.076 0.0093 0.1149 80 0.470 

         

Support         

Pre 0.5306 0.3196   0.4890 0.3210   

Post 0.5730 0.3212   0.5630 0.3319   

Change* 0.0423 0.1454 76 0.013 0.0740 0.1229 80 0.000 

*Post – Pre score. Conducted via a paired samples t-test. 

 

 

For ResText, Post-AOGM scores showed a significance difference from Pre-AOGM scores (m = 

0.0604, sd = 0.1068), t(76) = 4.962, p = 0.000. Similarly, ResVideo Post-AOGM scores showed a 

significance difference from their Pre-AOGM scores (m = 0.0765, sd = 0.1013), t(80) = 6.803, p = 

0.000. These differences suggests that both ResText and ResVideo experienced an increase in 

acceptance of genetic modification after being exposed to the respective stimuli. 

 

In turn, ResText Post-Support scores also showed a significance difference from Pre-Support scores (m 

= 0.0423, sd = 0.1454), t(76) = 2.555, p = 0.013. Moreover, for ResVideo Post scores also showed a 

significance difference from Pre scores (m = 0.0740, sd = 0.1229), t(80) = 5.417, p = 0.000. These 
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differences suggests that both ResText and ResVideo experienced an increase in their support for 

genetic modification in agriculture after being exposed to the respective stimuli. 

 

However, Post-UOGM scores showed no significant difference from Pre-UOGM scores for both 

ResText and ResVideo. For ResText this was (m = 0.0271, sd = 0.1321), t(76) = 1.798, p = 0.076. For 

ResVideo this was (m = 0.0093, sd = 0.1149), t(80) = 0.725, p = 0.470. This indicates that neither 

group significantly improved their understanding of genetic modification after being exposed to their 

respective stimuli. 

 

Reviewing hypotheses 

Based on these analyses and the relevant statistical significance, the following conclusions can be 

made. Both ResText and ResVideo improved their acceptance of genetic modification and their support 

for the use of genetic modification in agriculture after being exposed to their relevant information. 

Neither ResText nor ResVideo improved their understanding of genetic modification after being 

exposed to their relevant information. There were no differences between ResText and ResVideo in 

their changes in their understanding of genetic modification, acceptance of genetic modification, and 

support for the use of genetic modification in agriculture. Therefore we can conclude that the method 

of communication had no significant effect on any of these metrics. Understanding of genetic 

modification predicted acceptance of genetic modification for ResText in the pre-stimulus questions 

and for ResVideo in the post-stimulus questions. However, understanding of genetic modification did 

not predict acceptance of genetic modification for ResText in the post-stimulus questions and for 

ResVIdeo in the pre-stimulus questions. Lastly, the video stimulus was more effective in eliciting 

attention than the text stimulus was. Based on these conclusions we can confirm the following null 

hypotheses: H10, H20, H40, and H50. Likewise, we can confirm the following alternate hypotheses: 

H3a and H6a. 

  

Interpretation of results 

The following details some of the various findings and what their various explanations may be in light 

of related literature. Where possible, we briefly propose potential methods for testing these conjectures. 
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Between-group results 

A main premise for the research design and the supporting literature was that the video had certain 

characteristics which would make it more effective than the text across a variety of metrics. Based on 

the between-groups analyses, this was largely shown not to be the case. However, the only between-

group finding which was statistically significant was that the video elicited more attention than the text. 

While this is important, it is also perhaps unsurprising as numerous studies have documented how 

visual communication can be more effective than written communication for eliciting attention (Keogh 

& Naylor, 1999; Lalley, 1998; Yadav et al., 2011). More interestingly however, we may wish to 

consider why the video exhibited higher attention scores than the text yet failed to exhibit similarly 

higher understanding score. Attention has be shown to be an important prerequisite for conceptual 

learning (Carlson & Dulany, 1985) and learning can increase as a result of increased attention (Szpiro 

& Carrasco, 2015). As this did not seem to be the case with the attention-eliciting video, we must 

explore various reasons why this may be.  

 

One suggestion could be that although the video elicited greater attention, the facets that made it 

‘attention-grabbing’ may have distracted from the informational content. This type of effect can be well 

documented within advertising. For example, when an ad that exhibits of high degrees of humour ends 

up distracting from a brand’s message (Eisend, 2011) or when a celebrity endorser overshadows an 

ad’s message (Erfgen, Zenker, & Sattler, 2015). Such effects suggest how attention-grabbing stimuli 

can have detrimental effects on a communicated message’s effectiveness. We might have reason to 

believe that the video stimulus we used exhibited some of these characteristics. Novel auditory sounds, 

such as those which accompanied the various animations in the video, have been shown to act as a 

form of distraction from a task (Parmentier, Elsley, Andrés, & Barceló, 2011). Furthermore, it has also 

been shown that when using videos to teach science, the “optimal length for most videos is 30 to 60 

seconds” (Wen-Chi, 2012, p. 52). Higher or lower deviations from this range of time was deemed to 

occasionally be distracting for learning purposes. Based on these claims, we may be interested in 

whether the video we used distracted some of the respondents. On the other hand, these effects have 

mostly been demonstrated when the stimulus is somewhat overtly overshadowing/distracting, such as a 

celebrity endorser (Erfgen et al., 2011). This could be further investigated by re-testing understanding 

and attention using the video, but manipulating the video so that there are several versions of it which 
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differ in some of the relevant, hypothesised distraction factors (e.g. amount of sound effects, saliency 

of animations).    

 

Within-group results 

Alternatively, we were also interested in the analyses that were conducted independently within each 

stimulus group. Although we were primarily interested in the differences between the two groups, any 

changes exhibited within each group also provides us with insight about how effective ‘science 

communication’ is in general. While both groups improved their acceptance of genetic modification 

and their support for the use of genetic modification in agriculture, neither group correspondingly 

improved their understanding of genetic modification. At first glance, this finding seems rather 

counterintuitive. For example, most models of science communication recognise that, although 

understanding might be insufficient in increasing acceptance on its own, understanding is nonetheless 

one of the factors that is responsible for increasing acceptance (Pieczka & Escobar, 2012). However, 

our findings indicate that acceptance can be increased independent of increased understanding. If 

understanding is not a pre-requisite for acceptance then some other factor must be responsible for our 

findings. 

  

One potential explanation could be as a result of the ‘mere exposure effect’. The mere exposure effect 

suggests that an individual’s preference for a stimulus can be increased simply by exposure to it 

(Zajonc, 1968). Traditionally this effect has been studied in marketing, where exposure to various 

products can increase the consumers’ preference for said products (Tom, Nelson, Srzentic, & King, 

2007). However, mere exposure effects have also been shown to exist in evaluations of more abstract 

stimuli (Weeks, Longenecker, McKinney, & Moore, 2005). As such, it is reasonable to postulate the 

mere exposure to our stimuli, and their relevant informational content, could have increased the 

attitudinal preference and acceptance of the material presented. Granted, the respondents only had one 

exposure to the stimuli. While the mere exposure effect can be elicited through a single exposure, the 

effect tends to increase with repeated exposures (Zajonc, 1968). This may mean that we should be 

tentative in claiming that the mere exposure effect was solely responsible for the findings which 

indicate increased acceptance and support for genetic modification.  
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A good way to test this speculation would be to repeat the study but have further independent test 

variables. This test variable would involve manipulating the amount of times the respondents were 

exposed to the stimuli. For example, within each of the stimuli groups, respondents could be further 

divided into conditions which expose them to their given stimulus 1, 3, or 5 times. A greater sample 

size would also be necessary as the further division of sample groups into the various conditions would 

reduce the group sizes to levels where any statistically significant effects may be difficult to detect. If 

the mere exposure effect was indeed responsible for the increases in acceptance and support, then we 

would expect that the groups who were exposed more would experience a greater increase in these 

metrics. Likewise, by keeping the video and text groups separate, we might discover whether either 

stimuli elicits the mere exposure effect more so than the other. If such an effect is present, then this 

may mean that science communicators should develop communication strategies that expose the public 

to information multiple times. Indeed, it has been shown that if information has a strong persuasive 

argument, then moderate repetition of exposure can increase relevant attitudes (Cacioppo & Petty, 

1989). Therefore, if the mere exposure effect is present in such communications then science 

communicators should pay attention to how persuasive the information is that they present.     

 

While the hypotheses H3, H4, H5, and H6 were assessed independently, they were all derived from the 

same premise. This being that understanding can predict acceptance even when assuming there are 

barriers such as personal beliefs (Weisberg et al., 2018). However, this was found to not be the case as 

while the alternate hypotheses H3a and H6a were confirmed (which supported this prediction), so too 

were H40 and H50 confirmed (which did not support this prediction). This as an interesting finding as 

this runs contrary to the results of Weisberg et al. (2018). Both ResText and ResVideo showed 

evidence for instances where understanding did not predict acceptance. Furthermore, this evidence was 

also found across both pre-stimulus and post-stimulus questions. As a result, it is reasonable to 

conclude that understanding is not always a reliable predictor of acceptance. However, it is worth 

noting that the two tests which did not support this prediction, H40 and H50, did indeed each exhibit a 

significant correlation.  
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Limitations 

It is also prudent to recognise some of the potential shortcomings of our research design and what the 

implications may be. These limitations can be divided into those which may explain some of our 

findings and those which are more fundamental methodological limitations.  

 

Limitations in results 

As stated, the majority of the between-group analyses yielded results contrary to our expectations. 

Although these predictions were based upon literature and previous findings, there could be several 

explanations for why our results turned out the way they did. Firstly, H2a predicted that the video 

would be more effective in increasing understanding than the text. This was suggested based upon the 

idea that the video exhibited simplification. While this may indeed be the case, we did not consider 

whether the text exhibited any simplification. As the text was largely derived from the narrated content 

of the video, it is fair to suggest that the language used in the text was already simplified to some 

extent. For example, the text did not read like a traditional scientific article. In turn, we might postulate 

that the text was also simplified and therefore was similarly effective in communicating understanding. 

However, the visual elements of the video still seem to exhibit more of the qualities of simplified 

material (Sharf et al., 2012) so that may mean that video was more simplified. The question then is, 

how much more ‘simplified’ was the video than the text? Is simplification something that we can easily 

quantify? While it may be possible to quantify the extent to which a text is simplified (Leroy, Kauchak, 

& Hogue, 2016) we may run into problems when trying to compare to different forms of simplification 

(i.e. visual representation versus reduction in noun length). 

  

Secondly, H1a predicted that the video would be more effective in increasing acceptance than the text. 

This was posited on the basis that animated videos have been shown to elicit science curiosity (Barak 

& Dori, 2011) and that eliciting science curiosity can be an effective method in improving the 

acceptance of scientific claims (Kahan et al., 2017). As such, one explanation for why the video did not 

improve acceptance compared to the text could be that the video did not actually elicit science 

curiosity. While the literature suggested that such a video may indeed elicit science curiosity, this was 

something that we could have additionally tested for. This could be confirmed by including questions 

that assessed the respondents’ science curiosity such as ‘How closely do you follow news on scientific 
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research or discoveries?’ (Landrum, Hilgard, Akin, Li, & Kahan, 2016). These questions could be 

included before and after exposure to the video stimulus in order to investigate whether the video has 

any effect on this construct. 

  

A third, and similar, consideration is that perhaps the video was not sufficiently creative. We 

recognised that creativity was an interesting notion as novel expressions can elicit science curiosity 

(Barak & Dori, 2011; Shiomi et al., 2015) and benefit the dissemination of knowledge (Ox & Van Der 

Elst, 2011; Sales et al., 2007). A rather post hoc suggestion may then be that the video was not 

sufficiently creative enough. For example, YouTube is a popular platform that hosts thousands of 

videos designed for the purpose of science communication (Welbourne & Grant, 2016). In turn, we 

may wish to question whether the animated video we used was sufficiently novel, which is a key aspect 

of how we conceived something as ‘creative’ (Glăveanu, 2018). Unfortunately, this speculation may 

prove difficult to test, as the novelty or creativity of something can be somewhat difficult to assess. 

Although some efforts have been taken to quantify the creativity of something (Elgammal & Saleh, 

2015), our current ability to assess such a construct is limited at best. Given this, it is difficult to say 

whether the video was insufficiently creative, or ‘how much’ more creative it should be in order to be 

effective. These limitations highlight the inherent complexity involved when combing an experimental 

research approach with a rather abstract concept such as creativity. Moreover, a key notion that should 

be considered when evaluating all of these between-group findings is the sample size. While 158 

respondents is enough to demonstrate some effects, it would have been interesting to increase the 

sample size. This is as a larger sample size would provide greater validity for any of these findings. As 

such, it would allow us to more confidently confirm that there are no differences between a text and a 

video except for when assessing attention. 

 

Changing tact, a more troubling concern that we have is that some individuals experienced a decrease 

in understanding. Perhaps this might explain why neither group saw an increase in mean understanding. 

For example, some individuals (in both groups) had higher Pre-UOGM scores than their Post-UOGM. 

This seems rather counterintuitive as we would reasonably expect that after exposure to relevant, 

question-related information, Post-UOGM scores should, at minimum, be the same as the Pre-UOGM 

scores. We speculate three possible reasons for this strange decrease in understanding. Firstly, it may 
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be due to the fact that both the Pre-UGOM and Post-UOGM questions were the same. Although the 

order of the 12 UOGM questions were randomised, the wording and answers were exactly the same. 

The respondents may have become bored by this repetition in the Post-UOGM section and in turn 

answered these understanding questions without giving them enough thought. 

  

Another possible reason which could explain this strange decrease in understanding could be that the 

questions were too easy to begin with. For example, 93% of the respondents had a Pre-UOGM score 

higher than 0.50. A ramification of this is that it left them with less potential room to improve their 

scores. Furthermore, the decrease in the respondents’ scores could be as a result of decreased 

confidence in their subjective understanding of genetic modification. As a secondary metric, we asked 

the respondents pre and post ‘How confident are you in your understanding of genetic modification?’ 

(Confidence). This was assessed on a 100-point scale. Upon further analysis, there exists a significant 

correlation (p = 0.011) between the respondents change in UOGM score (Post-UOGM – Pre-UOGM) 

and change in Confidence score (Post-Confidence – Pre-Confidence). Thus, on average, respondents 

who exhibited a decrease in UOGM score also exhibited a decrease in Confidence score. This may 

suggest that the respondents who scored worse in the Post-UOGM section had more self-doubt 

regarding their understanding, and thus changed their answers from their Pre-UOGM as a result.  

  

Lastly, the decrease in Post-UOGM scores for some individuals could be explained by suggesting that 

our UOGM Index simply was not effective enough in truly assessing understanding. Perhaps twelve 

true/false questions were not an appropriate measure for understanding of what is a rather complex 

topic. Based on these three possible explanations for the decrease in Post-UOGM scores for some 

individuals, we suggest the following changes to the research design. To begin, we would re-word the 

Post-UOGM questions so that they are not 100% identical to the Pre-UOGM questions. Next, we 

would change the true/false format into a four-answer multiple choice format and also increase the 

amount of questions. A multiple choice format should reasonably provide the respondents with more 

opportunities to answer the questions incorrectly. Likewise, by adding more questions we would expect 

to have greater variability in the respondents’ scores due to the scale of total correct answers being 

larger. However, these last two suggestions may prove difficult with our given stimuli, as we 

recognised in the question construction process that there was a finite amount of information (and thus 
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questions and answers) that was available. In turn, a future redesign of this study may require that we 

would need different stimuli that provided more information.     

 

Lastly, we should carefully consider the irregularity in which understanding predicted acceptance. This 

could be interpreted in two potential ways. Firstly, we might suggest that our sample size was too low. 

If we were to increase it, we could potentially see a predictive significance arise. This could be tested 

by re-doing the study but with a greater sample size. Alternatively, these correlations may indicate that 

understanding and acceptance are indeed related, yet understanding is not always a good predictor of 

acceptance. The correlations could be explained by acceptance predicting understanding, or perhaps 

even some third factor which influences both. Regardless, it would seem that the traditional science 

communication assumption that understanding leads to acceptance is not necessarily true in all 

situations. 

 

Limitations in research approach 

In addition to the various experimental decisions that may explain some of the results, we recognise 

that the research design did have some limitations. These were limitations that arose as a consequent of 

our chosen research approach. The first of these was the use of the mTurk platform. While we claimed 

that the sample derived from mTurk was more representative of the general population than a typical 

‘university student’ research sample, we must be critical in recognising that the mTurk sample still is 

not a perfect representation of the U.S. population (Buhrmester et al., 2018). This differed from some 

of the studies that we adapted our approach from, as one utilised a sample of “1100 to match the 

demographic makeup of the United States in terms of the dimensions of gender, age, race, education, 

party identification, ideology, and political interest” (Weisberg et al., 2018, p. 215). However, 

obtaining a sample such as this was beyond our means, so we must accept the parameters we were able 

to work within. Regardless, mTurk as a method of sampling has the potential to be problematic as the 

respondents are sourced on a self-selection basis. Relevant examples of self-selection in our 

respondents could include that they use the internet, found the compensation fair, and found the 

research topic less cognitively demanding (Goodman & Paolacci, 2017). This self-selection could 

suggest that the mTurk respondents we sampled could differ from other populations such as the general 

public or even the general mTurk user population.  
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One other inherent limitation of our research approach was that we used a questionnaire which required 

self-reported measurements. While surveys are a popular and useful tool for understanding people, the 

self-reported measurements they contain can leave room for respondent bias. For example, respondents 

may be motivated to answer questions in specific ways in order to communicate a favourable image of 

themselves or to meet their perceived expectations of the researchers. Dishonesty can occur on mTurk 

as the respondents are essentially anonymous. However, it has been shown that “explicitly encouraging 

honesty can effectively reduce the problem” (Buhrmester et al., 2018, p. 151). As we did this in our 

consent form and throughout the questionnaire, we might suggest that this problem could be minimised 

in our instance. Additionally, a self-reported measurement may face difficulty in eliciting an accurate 

representation of what the respondent is thinking or believes (Holbrook, 2008). The respondent may 

provide an answer that they believe sounds reasonable, yet this does not necessarily mean that they 

absolutely agree with their answer. Considering this limitation, we suggest that if such effects were 

present, they would be manifested in the questions regarding the acceptance of science. This is as there 

is some degree of subjectivity involved. For this reason, we must treat the findings related to the 

independent increases in AOGM and Support for each group with some degree of caution. However, 

many of the questions assessed the understanding of information. We contest that any self-reported 

limitations are minimised for these questions as their factual component leaves less room for bias. 

 

 

 

 

 

 

 

 

 

 

 

 

 



   
 

68 
 

Discussion 

 

These results have some interesting implications for science communication when contrasted with the 

related literature. This section will detail what some of these broader ramifications and subsequent 

questions might be in light of our findings. To begin, we will re-examine the tested methods of 

communication and what the significance is for science communication. Next, the concept of public 

understanding will be reflected upon and discussed in relation to contemporary societal issues. 

Thereafter, the role of public acceptance of science will be dissected with reference to both our findings 

and the preceding discussions surrounding public understanding. To conclude, we will briefly outline 

some potential limitations of our research and suggestions for what future research in science 

communication could entail. 

 

Methods for communicating science 

Altering the method of communication from a traditional written text format to a video format was our 

proposed strategy for overcoming some of the barriers in science communication. These barriers, such 

as the complexity of the message content or personally motivated reasons for belief, are challenges 

worth overcoming as they can prevent understanding and acceptance (Scheufele & Tewksbury, 2007; 

Kahan et al., 2017). Our research question stated: 'Is animated video more effective than written text at 

achieving the goals of science communication?’. Based on the findings, we can conclude that the 

animated video was not more effective than the written text at achieving the goals of science 

communication  with reagrds to understanding and acceptance. Overall, this finding was surprising as 

much of the literature suggested that the two methods would be received differently. Practitioners 

within the field of science communication have recognised that contemporary communication efforts 

should be adapted to the worldview of the audience so that it can connect with what they might already 

know (AAAS, 2017). Given that a greater amount of scientific information can be accessed from the 

internet now more than ever (Britt et al., 2014) we might have expected that a video would be an 

appropriate tool to fit into this environment (Rosenthal, 2018). 

  

Moreover, this modern environment of communication has not yet provided effective solutions for 

curtailing some of the inherent problems of scientific texts. Text can be problematic as the audience 
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must understand the complex concept to which a single scientific word refers to (Bauer & Bucchi, 

2007). Although it has been demonstrated that visual pictures can be more effective at abstracting ideas 

than written words (Apperly et al., 2004), our results seem to suggest otherwise. This may indicate that 

the complexity of some ideas transcends the way in which they are communicated.  

  

Conversely, one’s personal understanding of what they 'think' a word means can also influence the 

interpretation. The framing of a scientific phenomenon, such as 'Global warming' versus 'Climate 

change', can routinely influence a person’s attitude towards the overall topic (Schuldt et al., 2011). 

Such ambiguity is an issue for communicating scientific ideas (Ferris, 2002) especially when this 

ambiguity leaves room for personally motivated interpretation. Scientific videos have been used to 

promote science curiosity (Barak & Dori, 2011) which can overcome such motivated reasons for 

rejecting a scientific claim (Kahan et al., 2017). However, a key notion regarding this finding is that 

such motivations are suggested to be in alignment with a part of an individual’s identity. A person can 

be motivated to protect their identity as “evidence that challenges the validity of such cherished beliefs 

presents a self-threat insofar as giving up that belief would entail losing a source of esteem or identity.” 

(Cohen, Aronson, & Steele, 2000, p. 1,151). Interestingly, the effects that one’s identity produces can 

be elicited or suppressed in different situations. For example, some individuals may reject evolution 

when their identity as a member of a religious group is elicited, but then accept evolution when faced 

with their professional duties as scientists (Kahan et al., 2017). This distinction of identity is important, 

as we suggest that not all motivated reasons for rejecting scientific claims can be as easily attributable 

to a person’s protection of their identity.  

  

Publicly divisive scientific topics such as climate change or evolution share a commonality in that the 

phenomena they are describing has a universal impact. For example, the ramifications of whether the 

theory of evolution is true or false has a direct implication for every human being on the planet. GM on 

the other hand, is a technology that can be used in a variety of ways, often in isolation. In this sense, the 

type of science that it purports is more removed from the everyday experience of an individual. This 

has often been framed as a distinction between basic science used for the public’s fundamental 

knowledge versus applied technologies used for solving practical problems (Einsberg & Nelson, 2002). 

However, the distinction between basic and applied science has been questioned because it assumes a 
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linear relationship between the two that does not necessarily exist as innovation draws upon scientific 

knowledge and from new technology scientists obtain new insights (Powell, 2017). Today, science is 

often conducted in teams across traditional disciplinary walls dividing it into basic or applied sciences. 

Furthermore, the push for impact and results also from publically funded basic research has increased 

(Mazzucato, 2018). This will challenge how basic scientists should view communication. In a report 

with strategic recommendations on mission-oriented research and innovation for the upcoming 

European Union (EU) Framework Programme for Research and Innovation, it is pointed out that the 

complexity of science today "means that attitudes of openness and collaboration are not a nice 

complement, but rather a critical factor for success" (Mazzucato, 2018, p. 12). The EU is recommended 

to choose a mission-oriented research approach for the next Framework Programme for Research and 

Innovation, developing a cross disciplinary "systemic public policies that draw on frontier knowledge 

to attain specific goals" (Mazzucato, 2018, p. 4). The EU’s next framework programme should not be 

about prioritising applied research and innovation over basic fundamental research, it is stated. Instead 

new forms for collaboration between the two should be encouraged, emphasising openness and 

inclusion of the general public.  Truly a communication challenge that also basic researchers, 

traditionally shielded off from the demands and scrutiny of society, needs to fully understand.  

 

This distinction is important because some scientific topics have a greater predisposition to either being 

rejected or accepted based on one’s identity. A technology like GM might be rejected because of its 

perceived risks (Frewer et al., 1995), as opposed to its existence calling into questions aspects of a 

person’s identity. As science curiosity is conceived as “a general disposition, variable in intensity 

across persons” (Kahan et al., 2017, p. 180) it may mean that it is only effective in overcoming 

personally motivated reasons that are linked in some way to the person’s identity. The basic rationale 

for why science curiosity can overcome these challenges is that the pleasure an individual can derive 

from pursuing scientific information overrides their corresponding motivations to protect their identity. 

However, if an individual’s rejection of a scientific claim does not stem from the protection of their 

identity, then we might expect that increasing their science curiosity may have little effect on the issue 

at hand. For example, many people refuse to accept genetic modification as they believe it causes 

cancer. While the evidence would suggest otherwise (Arjó et al., 2013), it is unreasonable to suggest 

that these people believe what they do in order to align with their identity. Instead, it would seem more 
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of a practical concern (e.g. 'I don’t want to die of cancer, therefore I reject GMO’s') or distrust of the 

source of information (Hossain et al., 2004). The consequent of the difference between GM and 

evolution, for example, is that the acceptance or rejection of scientific claims can largely be influenced 

by the 'type' of science that is being discussed. 

  

These ideas have some interesting implications for how science communication should be conducted. It 

would seem that how science is communicated (the method) may be of less relevance compared to 

what is communicated. This 'what' can refer to both the subject content and the level of complexity 

involved. While it would be a tidier solution for science communicators to have a 'one-size-fits-all' 

approach, this does not seem to be the case. Although publicly divisive scientific topics are all unified 

through the empirical process in which they were discovered (science), to treat them equally because of 

this universal characteristic seems short-sighted. This is not to suggest that science communication 

should be entirely reduced into smaller disciplines of 'GM communication' or 'evolution 

communication', but that science communicators need to recognise the relevant differences between 

these various topics. Furthermore, these relevant differences may manifest markedly different reasons 

for rejecting the science, ranging from identity protection (Cohen et al., 2000) to perceived health risks 

(Moon & Balasubramanian, 2001). The consequences of this is that communication efforts may need to 

be adapted in order to overcome any specific barriers. These ideas are in alignment with contemporary 

literature which posits that science communication efforts should have a well-defined objective in order 

to identify the relevant audiences at hand (Besley et al., 2017). In order to have a well-defined 

objective, it is therefore critical to understand the unique qualities of each scientific issue. 

  

However, this does not entirely neglect the role that the method of communication can play. While we 

did not find any differences between groups in relation to understanding or acceptance, the video was 

more effective in eliciting attention. This may not have translated into something meaningful within the 

test environment, but it is worth considering what implication this could have for ‘real world’ science 

communication. Given that scientific news is often in competition with news regarding scandals or 

celebrities (Bauer & Bucchi, 2007), it might be prudent to examine how best to capture the public’s 

attention. This could be seen as a necessary precondition for the goals of a science communicator, as 

some degree of attention must be established before any message is to be conveyed. Our findings 
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regarding attention are consistent with previous research on GM, which found a similar relationship 

when comparing depictions of GM on television or in the newspaper (Besley & Shanahan, 2005). 

However, placing a focus on attention could drift into the unwanted territory of providing 'clickbait' 

scientific information. Indeed, phrases such as 'amazing' or 'remarkable' have seen an increased use, 

even in academic articles (Vinkers, Tijdink, & Otte, 2015). Such approaches should be avoided, as 

clickbait titles have been shown to negatively impact the perceived credibility of the information source 

(Zhang et al., 2018). If the credibility of the source of scientific information matters (Britt et al., 2014), 

science communicators must therefore be cautious with how they go about gaining the attention of the 

public. Essentially, this provides additional evidence to support the notion that science communicators 

are in an inherently unique position. Communicating requires a careful balance between what is 

effective and what reflects the principles of the discipline that they are seeking to communicate. 

  

Public understanding 

Understanding did not increase with either stimulus in our experiment, which leads us to the tentative 

question of why? Put in a larger context, we theorise that much of the challenges associated with 

educating the public circumscribe three contemporary challenges, that being language, polarisation and 

an increasing knowledge gap. The language used in the public room by politicians and policymakers is 

increasingly targeted against the scientific establishment. Self-proclaimed ‘truth-tellers’ by the likes of 

Donald Trump, Marie Le Pen and Nigel Farage contribute towards publicly legitimising anti-scientific 

views. This is less than ideal for practitioners of science communication, because the knowledge gap 

between the public and scientific institutions is only forever increasing.   

  

Michael Gove, pro-Brexit campaigner, declared early in the campaign that the UK population has had 

enough of experts and elite scientific language (Menon & Portes, 2016). Similar remarks were made in 

the French and U.S. presidential election. Public debates on scientific topics that are of social interest 

often tend to play out in the media. When favourable conditions for mistrust against the media is 

created by social actors that have a degree of influence on public opinion, we argue that both 

journalism and science are in danger because this is the platform through which most communication 

occurs. Language like ‘fake news’ and ‘alternative facts’ is alarming because it incentivises the public 

to doubt factual sources. There is no hiding from the fact that Trump distrusts the free press, 
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specifically those that are negative towards his policies, or lack of policies. In fact, the White House 

administration has been instructed to view the press as “... literally the enemy, to be distrusted, ignored 

and excluded” (Edsall, 2018, p. 1). According to Jay Rosen (NRK, 2018), one third of the American 

population today mistrusts the press on principle. Republicans and supporters of Trump are 

increasingly relying on Trump as the only source for what they perceive as credible news, a condition 

often found in authoritarian news systems. This is undoubtedly an extreme scenario which might not be 

as severe as portrayed, but the communication environment of today is undoubtedly characterised by 

confusion and uncertainty.   

  

A discussion rests upon a common understanding of what constitutes facts and what constitutes 

falsehood. If one of the involved parties refuses to abide to the ground rules, then there can be no 

productive discussion. Likewise, how can you communicate science to a misinformed audience if they 

hold a different definition of what constitutes facts? On this premise, one could argue that it is not a 

matter of understanding, but perhaps a refusal to understand what some perceive as ‘fake news’. In 

many ways it is a manifestation of the political polarisation that has only increased the last years 

(Thwaite & John, 2018). According to Pew Research Center (2015c), more than two-thirds of 

Republican (68%) and Democratic (62%) voters regards the other party’s policies as directly bad for 

the wellbeing of the country.  Cacciatore, Scheufele and Iyengar (2015) claim that the ongoing 

polarisation must be seen in light of the fragmented online media environment where audiences are 

divided into homogenous groups and only exposed to content that aligns with their personal beliefs, 

ideologies and interests.  

 

Micro-targeting and tailored content prevents science communicators from reaching out to audiences 

because there is no shared platform for information in today's society. When Carl Sagan released the 

original Cosmos: A Personal Voyage in 1980 he could address the public as one as only a few TV 

channels were available at the time. This is not the case today as there are hundreds of available 

sources for biased and unbiased information alike. Jamieson, Kahan and Scheufele refers to the 

preference-based news environment as one of the greatest obstacles for effective science 

communication, because “…many scientific issues emerging on the public agenda raise questions that 

can only be answered by having a broad societal discussion weighing societal and individual values 
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against the risks and opportunities of emerging technologies” (2017, p. 463). Educating the public on 

science is therefore getting increasingly harder as the polarised trenches are dug deeper every day. The 

problem becomes even more acute when considering that those whom are misinformed and not critical 

to their sources will likely only get more misinformed as mediators and factual sources are increasingly 

bypassed (Bucchi, 2017; Allen et al., 1999; Britt et al., 2014).  

  

One could only speculate, but the timing off these events could be a symptom of something larger. 

Bennett and Jennings (2011) emphasised the need for acknowledging pre-existing attitudes held by the 

public in order to efficiently communicate scientific news. If such attitudes were never recognised or 

addressed in a serious manner, then we as promoters of science might have entirely miscalculated what 

the public is actually capable of understanding. Consider the following; approximately half of the U.S. 

population thinks that our planet orbits the sun every day, a process which takes a year, and only 25% 

are aware of the fact that nitrogen is the most common gas in our atmosphere (Jamieson et al., 2017; 

Pew Research Center, 2015c). One could therefore argue that the one of the chief barriers for educating 

the public is that the public is at best only moderately scientifically literate. As such, how can one 

expect the public as a whole to understand topics such as global warming and GMOs when the basic 

knowledge needed for understanding the concepts at hand is absent or wrong?  

  

If so, then it is only a testimony for the arguments made by Scheufele (2014) that the environment in 

which science is being communicated is far more complex than previously assumed. On the other hand, 

the situation described might largely be inescapable due to an inherent component of science, being the 

pace in which scientific and technological advancements are made. The acceptance of scientific claims 

often relies on its linguistic expressions where the mental images associated with given words 

effectively describe the phenomenon at hand (Collier & Toomey, 1997). Could it be that scientists at 

times forgets the pace in which their own disciplines advance and the specialised language such 

progress produces? Jargons are incredibly effective as one or two words can describe four pages of text 

if both parties have the same understanding of that jargon. The challenge is that the specialised 

language used by scientists is not always compatible with that of the public. When scientists take to the 

podium there is tendency of using specialised language as it adds credibility to their intellect and status 

as an expert in the field. The problem with parading your intellectual superiority is that little to no real 
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communication occurs, it only contributes to widen the gap between those who understand and those 

who do not. The real goal of communication is to create a mutual understanding of the message. What 

happens then, when a scientific jargon or specific acronym that the public does not truly understand 

gets incorporated in the public language? Cognitive linguistic and philosopher, George Lakoff (2004), 

labels the state of not having a word to effectively describe an idea as hypocognition. What if the 

condition misinformed audiences are experiencing is a form of reversed hypocognition - using a word 

without truly understanding what it means? Admittedly an extreme illustration but take the prestigious 

Flat Earth Society as an example. On Twitter they advertised that their organisation had “... members 

all around the globe” (Barrett, 2018). Needless to say, the tweet did not succeed in promoting flat Earth 

logic as there seems to be a severe misunderstanding of some very basic geometrical concepts. On a 

different scale, but same premise, misinformed audiences on GMO might suffer from a similar 

condition. They certainly have an assumption of what it could be, but this assumption might not be 

scientifically correct.   

  

In light of this, one could argue that there is seemingly an increasing knowledge gap between scientists 

and the public. This knowledge gap is in broad strokes a product of the contrasting ways in which 

information is consumed (Nouraini, 2016). One of the underlying motives for this thesis was to 

examine how such gaps could be bridged using alternative and creative methods for science 

communication. Incorporating a narrative to communicational efforts has been discussed as being an 

effective tool for engaging the audience in scientific news (Dahlstrom & Rosenthal, 2018). On the 

surface, such an approach would seem like a logical way to go about communicating science as 

storytelling is a fundamental property of human interaction (Harari, 2014). Based on the way in which 

the video used in our experiment was designed, it did possess some narrative characteristics. Yet no 

increase in understanding was recorded. However, an immediate verdict can be made: it is complicated. 

 

With regards to the use of narrative, one of the reasons for why it failed in educating the audience could 

have been due to the use of the narrative itself. A study that ran simultaneously with ours sought to 

measure various degrees of narrativity when communicating science with regards to promoting 

understanding (Dahlstrom & Rosenthal, 2018). Both experiments used scientific topics that have 

received much public attention; Dahlstrom and Rosenthal (2018) used climate change whereas we used 
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GM technology. Their sample consisted of 396 undergraduate communication students from Singapore 

and the U.S., while we had a sample of 158 participants from across the U.S. with various demographic 

backgrounds. Therefore, taken together, the two studies investigated similar phenomena across both a 

larger sample size and a more diversified sample (albeit smaller). The timing of both experiments is 

interesting, but even more so the results, as both studies ended up with the same findings: no increase 

in understanding. According to Dahlstrom and Rosenthal, it is because “... people do seem to be aware 

of the power of science narratives to persuade, but they use this knowledge only when they consider a 

message to have negative influences” (2018, p. 21). We found support for such reasoning not only in 

the results, but also in the comments with statements such as “Disgusting propaganda!!!” and “It 

seemed to me like a propaganda video for GM crops” (see Appendix G for respondent feedback on the 

video). It therefore seems that individuals can withstand the effect of narratives if the context of the 

message is negatively perceived by the audience. Such findings could explain why TV-series 

promoting science like Cosmos: A Spacetime Odyssey failed in reaching out to an audience beyond 

those already receptive to science (Akin, 2016). 

  

Another approach would be to evaluate how the narrative was used. Was it for improving 

comprehension or persuading the audience? The latter could quickly become an ethical trap as the “... 

narrative becomes just another top-down approach based on deficit model thinking that potentially 

undercuts other attempts to build trust with the public” (Kirby, 2018, p. 87). Returning to the practices 

of the deficit model is obviously not desirable, but where does comprehension end and persuasion 

begin? The lines between the two are inarguable blurry. The challenge lies with the degree of 

ambiguity one can remove to ensure that the 'correct' message is communicated without depriving the 

public the means needed for a fruitful dialogue. The video provided by the Royal Society that was used 

in our experiment was deemed to be well-balanced in terms of presenting GM technology in a neutral 

way. Based on the results of the research it could appear that it might not have been as neutral as 

initially assumed, but it demonstrates how problematic and challenging it can be to find that perfect 

balance between comprehension and persuasion.  
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Accepting science 

An assumption of the deficit-model of communication is that understanding of x will lead to the 

acceptance of x (Miller, 2001). On one hand, our findings indicate that understanding can indeed 

predict acceptance. This is in alignment with modern literature (Weisberg et al., 2018) which 

demonstrated this connection using a population-representative sample, something which the authors 

claimed was a key reason for why this connection lacked substantiated evidence previously. On the 

other hand, we also found that understanding can fail to predict acceptance, thus calling into question 

the reliability of this assessment. These notions seem somewhat contradictory, yet Sturgis and Allum 

argue that the understanding-acceptance relationship is “not a straightforward linear main effect, but 

does indeed appear to be “contextualized” by at least one other domain of knowledge” (2004, p. 67).  

This 'other domain' is suggested to involve factors that relate to the organisation and processes utilised 

by members of the scientific community. While this explanation does hold merit, it does not seem to 

help in explaining why this relationship was sporadically exhibited during the course of our research 

questionnaire.   

 

With this rather ambivalent assessment of the understanding-acceptance relation in mind, consider that 

our findings also indicated that acceptance can be increased independent of understanding. It therefore 

follows that if this is the case then improving understanding is not a necessary precondition for 

improving acceptance. This presents us with an interesting question: should science communicators 

even be interested in increasing the public’s understanding? As outlined in the preliminary arguments 

of this thesis, the failure of people to accept certain scientific claims can have negative consequences. 

In turn, this may suggest that one goal of science communicators is thereby to have the public accept 

scientific claims that are within their best interests. If acceptance can be increased independent of 

understanding, and likewise if understanding is an unreliable predictor of acceptance, should science 

communicators primarily design messages to improve acceptance? This is an interesting consideration 

as it completely removes the public’s capacity of understanding (or lack thereof) from the equation. 

However, without some degree of understanding, the public would have no reasonable metric to 

discern science from the pseudosciences which have “the superficial appearance of science but lack its 

substance” (Lilienfeld, Ammirati, & David, 2012, p. 10). If the public is unable to understand what this 

'substance' is, then there would be nothing preventing them from potentially accepting pseudoscientific 
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claims (i.e. not just rejecting the 'proper' scientific claims that they may disagree with). Indeed, while 

public understanding may have mixed evidence supporting its ability to generate acceptance, there is 

indication that increased understanding is associated with a greater capacity to discriminate between 

different aspects of science (Evans & Durant, 1995). This may essentially reaffirm the role that public 

understanding should play, even if it lacks a direct or reliable connection to acceptance.  

 

These reservations aside, how even would science communicators practically go about promoting 

acceptance in the absence of understanding? As posited before, different scientific topics seem to have 

distinct reasons for accepting or rejecting them. Previous research indicates that the public’s acceptance 

of genetically modified food is “unlikely to be determined by attitudes to the technology overall. 

Rather, acceptance will be determined by recognition of the tangible benefits of specific applications of 

the technology” (Frewer et al., 1995, p. 34). This might imply that the public need not understand how 

GM works, but instead, what the benefits of it might be.  However, even listing the benefits may be 

inadequate. Although the text and video used in our research briefly listed some of the benefits of 

genetic modification (improved insect, disease, and herbicide resistance), none of the supposed 'risks' 

were discussed. This led to several comments such as “I mean it was okay but didn't share any of the 

risks involved” and “It was biased and one-sided.  Some of it may be fact, but there are studies out 

there that show GM causing cancer, changing the ecosystem, destroying soil and all sorts of other 

negative results just in the name of agriculture” (Appendix F and Appendix G).   

 

It would seem that although the respondents recognised the benefits of GM, little was done to mediate 

their prior-held beliefs regarding the risks. Therefore, this might imply that simply communicating the 

benefits may be insufficient in convincing all members of the public (Hossain et al., 2004). In turn, this 

could be a difficult hurdle for science communicators to overcome, especially in the case of unfounded 

risks. For example, a risk raised by one of the respondents was that 'GM caused cancer'. This assertion 

was likely based on the findings of a study published in 2012 that suggested GM corn caused cancerous 

tumours in lab rats. However, this article was forcefully retracted from the journal in which it was 

published as it was shown that the type of lab rats used, along with the small sample size, undermined 

the significance of the findings (Arjó et al., 2013). How then, should a science communicator mention 

these risks if they are (to the best of our knowledge) non-existent? One suggestion could be that they 
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should directly address these risks and engage in a discussion with the public (Hossain et al., 2004). 

This would align with a 'Public Dialogue' model of science communication (Pieczka & Escobar, 2012) 

which stresses the need for a more open discourse regarding science. Yet discourse is not without its 

own problems, as it has been argued that providing the public with an equal say in the role that science 

should play can lead to detrimental outcomes. These include the demoralisation of scientists, 

imbuement of non-scientific values, and providing conditions for 'self-appointed' experts to arise 

(Durodié, 2003). This further highlights the complex situation that science communicators find 

themselves in: balancing the right to democratic discourse with the various non-negotiable aspects of 

science and scientific findings. 

 

A final point worth considering is the value that this research placed on the acceptance of a scientific 

claim. It was reasoned that accepting certain scientific claims is the most rationale course of action for 

an individual and that the rejection of scientific claims can yield potentially severe consequences. 

However, is the acceptance and attitudes towards genetic modification really the end goal? Certainly, 

these are desirable factors, yet ultimately are we not also concerned with how the public actually acts 

on these beliefs? For example, a person might truthfully state that they are deeply concerned with 

climate change, yet in turn they may not engage in behaviours that align with their beliefs. This 

disconnect between what people claim are their beliefs and what behaviours they engage in has been 

routinely documented (LaPiere, 1934; De Leeuw, Engels, Vermulst, & Scholte, 2008). Moreover, 

several studies have indicated that this disconnect can routinely occur in regards to GM food. For 

example, one study employed an experiment with real purchase decisions and found that a far greater 

number of respondents were willing to buy GM food than corresponding survey data indicated 

(Noussair et al., 2004). Likewise, the actual purchase behaviour of GM food seems to be influenced by 

price (Knight, Mather, & Holdsworth, 2005; Spence, & Townsend, 2006). Based on these assertions, 

one might imagine that an efficient strategy would be to therefore strategically discount the price of 

relevant GM food. Moreover, this could have flow on effects as it has also been shown that behaviour 

can be a determinant of attitudes, rather than vice versa (De Leeuw et al., 2008). Nevertheless, the 

arguments posited in this section cumulate to suggest that science communicators must recognise that 

understanding, acceptance, and behaviour, while perhaps inter-related, are individual constructs that 

have their own unique interactions with any given scientific topic.  
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Limitations 

Unlike the methodological limitations mentioned before, one epistemological notion that is worth 

considering is whether the topic of genetic modification was too broad. While our questionnaire limited 

the discussion to 'genetically modified crops and food', this may have been insufficient in effectively 

demarcating the area of science we were interested in. For example, genetic modification can be 

conducted on a wide variety of subjects such as plants, animals, and even humans. Likewise, the 

products of genetic modification can differ markedly in their use, from GM crops being used for human 

consumption versus GM crops used as animal feed. Furthermore, even the exact type GM crop has 

been shown to be assessed differently by consumers (Frewer et al., 1995). A consequent of all these 

nuances is that a person’s prior beliefs regarding other aspects of genetic modification could colour 

how they view the genetic modification of crops. This is consistent with previous literature which 

suggests that “consumer acceptance of GM products depends on factors such as type of product (e.g., 

whole or processed foods) as well as the organisms involved” (Hossain et al., 2004, p. 57). Perhaps this 

was therefore an area which we could have specified further in the questionnaire, or even assessed the 

respondents on via supplementary questions. In essence, this may have narrowed our scope of enquiry 

to specific GM areas (e.g. GM corn).  

 

Future research 

The points raised in this discussion paint are rather complex and contextualised picture of science 

communication. The method of communication is but one piece of the various inter-related parts and 

mechanisms that affect this discipline. As such, future research could diverge in a multitude of 

directions. Not only is ‘how’ science communication is conducted important, but so too is the ‘what’ is 

communicated. In turn, this links back to a fundamental question of what the science communicators 

underlying objective is. Is it to inform, persuade, or perhaps even change behaviour? Likewise, the 

science communicators must recognise what the unique and universal barriers are for these objectives 

in relation to the area of science in question. These questions must serve as the starting point through 

which all science communication research is contextualised.  The following are several suggestions that 

aim to illustrate a fraction of what possible future directions could take. 
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As reflected upon many times, the method of communication (text versus video) showed no significant 

differences in improving the understanding and acceptance of GM. However, a key distinction raised is 

that different types of science can have greater predispositions to becoming adopted into one’s identity. 

We suggest that other types of science, such as evolution, may exhibit this more than GM. Given that 

science curiosity has already been shown to overcome identity-related barriers for accepting evolution 

(Kahan et al., 2017) it would be interesting to replicate our present study but with the topic of 

evolution. In this study, science curiosity was measured as opposed to elicited through a stimulus. 

Therefore, a similar text-video experiment would be ideal, as the outcome of the findings would add 

valuable insight irrespective of the outcome. For example, if the findings indicated that the video 

condition had significant differences (positive) in changes in the acceptance of evolution, then this 

might suggest that video is indeed a good vehicle for promoting science curiosity. On the other hand, if 

the findings indicated no difference then we would have greater evidence to support the notion that a 

video is an insufficient method for generating science curiosity. This would be able to be concluded as 

the previous research (Kahan et al., 2017) has already shown the effect that science curiosity can have 

on the acceptance of evolution. Thus, this research design would serve as an effective way to test a 

video’s potential to generate science curiosity in an area of science that has already demonstrated this 

construct’s effect.       

  

Alternatively, as argued, the general science literacy of the public is a barrier that can prevent science-

specific understanding (Jamieson et al., 2017). If a science communicator’s objective is to increase the 

public’s understanding, then an interesting study would be to see if changes in general science literacy 

can effectively predict changes in science-specific understanding and acceptance. For example, 

respondents could be pre-tested (understanding and acceptance) on a wide variety of scientific topics 

such as GMO’s, evolution, climate change, and vaccinations. Thereafter, respondents could then be 

educated on various aspects of science literacy (e.g. the empirical method, what scientific uncertainty 

means). Similar pre-post testing would be necessary to assess whether this scientific literacy increased. 

To conclude, the respondents would then be similarly post-tested across the various scientific topics. 

As such, this type of research design would be interested in assessing whether changes in broad-science 

literacy can influence changes in narrow-science literacy and acceptance. The findings could have 

ramifications for all of science communication if it is found that general science literacy is a significant 
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precondition for the public’s understanding and acceptance of the more specific scientific topics. 

Likewise, it would be interesting to see if this precondition differed in its effect across the different 

'types' of scientific topics. 
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Conclusion 

 

Recognising the need for more effective science communication, this thesis set out to investigate 

alternative methods of communication. This need for more effective science communication was made 

apparent through an examination of the relevant literature which suggested two key ideas. Firstly, the 

inherent characteristics of scientific information predisposes it towards difficulties in understanding for 

the public. Secondly, various non-information barriers, such as psychological process and political 

beliefs, we recognised as key deterrents of the public's acceptance of scientific claims. These notions 

were addressed through a dissection of alternative methods of science communication. The underlying 

rationale for this approach was that science communicators cannot easily change the material that they 

communicate due to the objectivity of science. As such, we hypothesised that altering 'how' this 

information was communicated would be a reasonable idea. A video was chosen as this alternative 

method as the literature suggested that it would contain desirable characteristics for achieving the goals 

of science communication. We empirically tested this approach by exposing a sample to two 

contrasting stimuli; that being an animated video and a text. The video was narrated and designed to 

give an introduction to GM technology and the motivations behind developing such technology, while 

the text was a transcription of the video. In total, 158 participants with various demographic 

backgrounds completed the survey. The results were rather surprising as there was no significant 

difference between the two methods of communication across the defined 'objectives of science 

communication' (understanding and acceptance).  

  

In turn, this observation led us full-circle to reflect upon our initial rationale: that science 

communicators cannot change 'what' they communicate so therefore they must change 'how' they 

communicate. Upon reflection, we are left to consider that although science communicators cannot 

change the scientific information, they can indeed choose 'what' aspects of this information they 

communicate. This was recognised through the consideration that topics that are socially divisive or 

conflicting with ruling assumptions of how the world is have a greater disposition for being rejected or 

accepted based on a person's identity (Cohen et al., 2000). This seems to suggest that the 'type' of 

science may largely play a role in how it is understood and dealt with by the public. However, as the 

video elicited greater attention than the text, we might not wish to so readily discount the value of this 
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method of communication. Likewise, although the video was not better than the text, so too was it not 

worse. As our societies continue to utilise new forms of technology for communication, science 

communicators may need to adopt these methods in order to maintain a connection to the public as 

opposed to for various strategic reasons.  

  

In addition, we also found that neither method of communication succeeded in creating a statistically 

significant increase in understanding with either sample group. Potential reasons for such outcome 

were outlined with regards to primarily language and the increasing knowledge gap between scientists 

and the public (Jamieson et al., 2017). Scholars and scientists alike are conditioned to be precise in 

their articulation to effectively describe complex phenomena. The linguistic barriers this imposes has 

led large cohorts to increasingly incorporate anti-scientific views that are reflected through statements 

showing discontent towards expert language (Menon & Portes, 2016). Suggestions for bridging the 

increasing knowledge gap (Nouraini, 2016) were discussed in relation to the methods of 

communication applied in this research. With regards to the use of narrative it was demonstrated that 

the lines between improving comprehension and persuading the audience is blurry, as finding the right 

balance is difficult.   

  

Alternatively, the acceptance of GM was found to increase independently of increases in 

understanding. This is interesting, because it raised the question of if it is worthwhile for science 

communicators to focus on public understanding if the goal is public acceptance. However, if science 

communication were to take this direction, then science communicators may find themselves taking the 

role of persuaders as opposed to educators. Considering the principles that uphold science, we might 

expect that this is an undesirable outcome. Conversely, our findings lead credence to the idea that the 

deficit model is inadequate. Data collected demonstrates that understanding and acceptance are 

individual constructs and at best are only inter-related.     

  

In summary, these ideas paint a rather complex and dynamic view of science communication. Perhaps 

we are left with more questions than answers, yet we hope that our research has provided some 

contribution to this ever-changing challenge. Regardless, we are confident in reaffirming that this 

challenge is one that the science communicators must endeavour to conquer themselves. As with all 
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scientific progress, we expect that this may be slow, incremental change; but change nonetheless. With 

this in mind, we eagerly look forward to what the next ‘break through’ in science communication may 

hold.   
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Appendix A. 

Questionnaire 
 

GM survey 
 

 
Start of Block: Consent form 
 
Q1 Dear participant,  
Thank you very much for your willingness to participate in this study. This task will take you around 10 
- 15 minutes. Please note that you must have audio enabled in order to participate in this study. Your 
participation is voluntary and you are free to leave the study at any time.  
 You will receive the compensation, if you complete this survey fully and properly. With properly we 
mean that you have to correctly answer the included attention questions, not use simplification 
strategies, nor provide obviously fictitious responses. At the end of the survey you will be provided 
with the usual code that needs to be entered into Amazon's mTurk.  
  
The survey seeks to measure understanding and attitudes towards genetically modified food. You will 
be asked a series of questions and presented some information. Please be aware that once you have 
made your choice and clicked on ">>", you cannot go back to change your answer. The survey 
concludes with a few personal questions including your socio-demographic characteristics (e.g. age 
and gender).   
 
We are unaware of any risk involved in this study. The collected data will be treated confidentially and 
only used for academic purposes. We will not store your worker ID and your responses will only be 
accessible to members of the research team. Publication or presentation of the data will not allow any 
connection to your identity.   
 
By clicking on the ">>" bottom below, you indicate that you have read the informed consent statement 
above and agree to participate in this research. If you would like to keep a copy of this consent form 
for your records, please print it now. 
 
If you have questions, concerns or wish to withdraw from the study, please contact: 
gure16ab@student.cbs.dk or joke16ab@student.cbs.dk  
 
Thank you very much in advance and have fun.  Jonathan & Gustav 
 

End of Block: Consent form 
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Start of Block: Pre-stimulus (Acceptance and Understanding of Science) 
 
Q2 In this portion of the survey, we are interested in your opinions regarding science. Please select 
the answer that best matches your own views. 
 
 
Page Break  
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Q3 How much do you agree with the following statements? 

 Strongly 
disagree (1) 

Somewhat 
disagree (2) 

Neither agree 
nor disagree 

(3) 

Somewhat 
agree (4) 

Strongly agree 
(5) 

"Once a 
scientific 

theory has 
been 

established, it 
is never 

changed." (1)  

o  o  o  o  o  

"Scientific 
theories are 

just scientists' 
guesses." (2)  

o  o  o  o  o  
 
 
 

 
 
Q4 Please rate the following two statements based upon how you assess a claim about the world. 

 Terrible reason 
for belief (1) 

Bad reason for 
belief (2) 

Okay reason 
for belief (3) 

Good reason 
for belief (4) 

Excellent 
reason for 
belief (5) 

"There is good 
scientific 

evidence for 
it." (1)  

o  o  o  o  o  
"I feel it is true 
in my gut." (2)  o  o  o  o  o  

 
 

End of Block: Pre-stimulus (Acceptance and Understanding of Science)  
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Start of Block: Pre-stimulus (Acceptance of GM + Confidence of Understanding GM) 
 
Q5 In this portion of the survey, we are interested in your opinions regarding genetically modified 
crops and food. Please select the answer that best matches your own views. 
 
 
Page Break  
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Q6 How important are each of the following factors in shaping your beliefs about genetically modified 
crops?  

 Not at all 
important (1) 

Slightly 
important (2) 

Moderately 
important (3) 

Very important 
(4) 

Extremely 
important (5) 

Quality of the 
scientific 

evidence (1)  o  o  o  o  o  
Conflict or 

consistency 
with your 
personal 

beliefs (2)  
o  o  o  o  o  

Your education 
or what you 
learned in 
school (3)  

o  o  o  o  o  
Your family’s 

beliefs (4)  o  o  o  o  o  
 
 
 
Page Break  
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Q7 How much do you agree with the following statements? 

 Strongly 
disagree (1) 

Somewhat 
disagree (2) 

Neither agree 
nor disagree 

(3) 

Somewhat 
agree (4) 

Strongly agree 
(5) 

"There are 
significant 
benefits to 
genetically 

modified food." 
(1)  

o  o  o  o  o  
"There are 

significant risks 
to genetically 

modified food." 
(2)  

o  o  o  o  o  
"People should 

have the 
option of 
buying 

genetically 
modified food." 

(3)  

o  o  o  o  o  

"I would buy 
genetically 

modified food." 
(4)  

o  o  o  o  o  
 
 
 
Page Break  
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Q8 How supportive are you of the utilization of genetic modification technology in agricultural 
production?  

 Not supportive Completely supportive 
 

 0 10 20 30 40 50 60 70 80 90 100 
 

Level of support (1) 

 
 
 
 
Page Break  
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Q9 In this portion of the survey, we are interested in your knowledge of genetically modified (GM) 
crops and food. While completing this survey, if you come across questions that you do not know the 
answer to, please select an answer that is closest to your best guess.    When answering the 
questions that follow please do not ask anyone else for help and please do not look up the answers in 
a book or on the Internet 
 
 
Page Break  
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Q10 How confident are you in your understanding of genetic modification? 

 Not confident at all Extremely confident 
 

 0 10 20 30 40 50 60 70 80 90 100 
 

Level of confidence (42) 

 
 
 
 
Page Break  
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Q11 Should all food containing DNA be labeled?  

o Yes  (1)  

o No  (2)  
 
 

 
 
Q12 Would you eat food containing genes?  

o Yes  (1)  

o No  (2)  
 

End of Block: Pre-stimulus (Acceptance of GM + Confidence of Understanding GM)  
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Start of Block: Pre-stimulus (T/F Understanding of GM) 

  
 
Q13 Are the following statements true or false? 

 True (1) False (2) 

Conventional cross-breeding is a 
feature of modern agricultural 

production (1)  o  o  
Genes is the only factor that 

determines the size, colour and 
shape of a plant (2)  o  o  

Genetic modification can improve 
the virus resistance of a crop (5)  o  o  

One method for genetic 
modification is to spray crops 

with growth enhancing chemicals 
(3)  

o  o  
In some cases, genetic 

modification can add crop 
characteristics that other 

methods cannot (4)  
o  o  

Conventional cross-breeding 
works through changing the 

genes of the crop (8)  o  o  
 
 
 
Page Break  
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Q14 Are the following statements true or false? 

 True (1) False (2) 

Wild crops are always more 
nutritious than modern crop 

varieties (1)  o  o  
Wild plants can be bred with 

those that have been genetically 
modified (2)  o  o  

Both wild plants and modern 
crop varieties contain genes (4)  o  o  

"Genetic Modification" is a 
common surname in Spain (5)  o  o  

All genetic modification of crops 
involves exposure to various 

degrees of radiation (6)  o  o  
Genetically modified can make it 

easier to harvest the crops (8)  o  o  
Genetic modification is the only 
way of changing the genes of a 

crop (9)  o  o  
 
 

End of Block: Pre-stimulus (T/F Understanding of GM)  
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Start of Block: Stimuli Intro 
 
Q15 You will now be presented with a short written text about genetically modified crops. Please read 
the text slowly and in its entirety. Once you have finished, proceed to the next page where you will be 
asked a series of short follow up questions. 
 
 
 
Q16 You will now be presented with a short video about genetically modified crops. Please make the 
video full screen, and watch and listen to it in it's entirety. Once you have finished, proceed to the next 
page where you will be asked a series of short follow up questions. 
 

End of Block: Stimuli Intro  
Start of Block: Stimuli 
Display This Question: 

If  You will now be presented with a short written text about genetically modified crops. Please read... Is 
Displayed 

 
Q17 
 
[TEXT STIMLUS] 
 
 
Display This Question: 

If  You will now be presented with a short video about genetically modified crops. Please make the vi... Is 
Displayed 

 
Q18  
 
[VIDEO STIMULUS] 
 

End of Block: Stimuli  
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Start of Block: Post-stimulus Intro (Acceptance of GMO's) 
Display This Question: 

If  Written text v5 video script 1 Is Displayed 

 
Q19 Now that you have read the text, answer the following questions about your opinions regarding 
genetically modified crops and food. Please answer as honestly as possible. 
 
 
Display This Question: 

If  Click to write the question text Is Displayed 

 
Q20 Now that you have watched the video, answer the following questions about your opinions 
regarding genetically modified crops and food. Please answer as honestly as possible. 
 

End of Block: Post-stimulus Intro (Acceptance of GMO's)  
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Start of Block: Post-stimulus (Acceptance of GMO's) 

 
 
Q21 How much do you agree with the following statements? 

 Strongly 
disagree (1) 

Somewhat 
disagree (2) 

Neither agree 
nor disagree 

(3) 

Somewhat 
agree (4) 

Strongly agree 
(5) 

"There are 
significant 
benefits to 
genetically 

modified food." 
(1)  

o  o  o  o  o  
"There are 

significant risks 
to genetically 

modified food." 
(2)  

o  o  o  o  o  
"People should 

have the 
option of 
buying 

genetically 
modified food." 

(3)  

o  o  o  o  o  

"I would buy 
genetically 

modified food." 
(4)  

o  o  o  o  o  
 
 
 
Page Break  
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Q22 How supportive are you of the utilization of genetic modification technology in agricultural 
production?  

 Not supportive Completely supportive 
 

 0 10 20 30 40 50 60 70 80 90 100 
 

Level of support (1) 

 
 
 

End of Block: Post-stimulus (Acceptance of GMO's)  
Start of Block: Post-stimulus intro (Understanding of GMO's) 
Display This Question: 

If  Now that you have read the text, answer the following questions about your opinions regarding gen... Is 
Displayed 

 
Q23 We're also interested in understanding your knowledge about genetically modified crops and food 
after having read the text. Please answer these questions to the best of your ability. 
 
 
Display This Question: 

If  Now that you have watched the video, answer the following questions about your opinions regarding... Is 
Displayed 

 
Q24 We're also interested in understanding your knowledge about genetically modified crops and food 
after having watched the video. Please answer these questions to the best of your ability. 
 

End of Block: Post-stimulus intro (Understanding of GMO's)  
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Start of Block: Post-stimulus (Confidence of Understanding GMO's) 
 
Q25 How confident are you in your understanding of genetic modification? 

 Not confident at all Extremely confident 
 

 0 10 20 30 40 50 60 70 80 90 100 
 

Level of confidence (1) 

 
 
 
 
Page Break  
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Q26 Should all food containing DNA be labelled? 

o Yes  (1)  

o No  (2)  
 
 

 
 
Q27 Would you eat food containing genes? 

o Yes  (1)  

o No  (2)  
 

End of Block: Post-stimulus (Confidence of Understanding GMO's)  
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Start of Block: Post-stimulus (true/false) 

  
 
Q28 Are the following statements true or false? 

 True (1) False (2) 

Conventional cross-breeding is a 
feature of modern agricultural 

production (1)  o  o  
Genes is the only factor that 

determines the size, colour and 
shape of a plant (2)  o  o  

Genetic modification can improve 
the virus resistance of a crop (5)  o  o  

One method for genetic 
modification is to spray crops 

with growth enhancing chemicals 
(3)  

o  o  
In some cases, genetic 

modification can add crop 
characteristics that other 

methods cannot (4)  
o  o  

Conventional cross-breeding 
works through changing the 

genes of the crop (8)  o  o  
 
 
 
Page Break  
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Q29 Are the following statements true or false? 

 True (1) False (2) 

Wild crops are always more 
nutritious than modern crop 

varieties (1)  o  o  
Wild plants can be bred with 

those that have been genetically 
modified (2)  o  o  

Both wild plants and modern 
crop varieties contain genes (4)  o  o  

Genetic modification was 
invented by kangaroos (5)  o  o  

All genetic modification of crops 
involves exposure to various 

degrees of radiation (6)  o  o  
Genetically modified can make it 

easier to harvest the crops (8)  o  o  
Genetic modification is the only 
way of changing the genes of a 

crop (9)  o  o  
 
 

End of Block: Post-stimulus (true/false)  
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Start of Block: Attention and Reflection (TEXT) 
 
Q30 We're also interested in what you remember from the text. The following questions will assess 
your recall of specific elements from the text. 
 
 
Page Break  
 

 
 
Q31 Why did the text suggest that continued crop improvement is necessary? 

o To improve the appearance of crops  (1)  

o To meet the growing demand for crops  (2)  

o To improve the taste of crops  (3)  

o To provide consumers with more options  (4)  
 
 

 
 
Q32 What did the text suggest that natural selection in wild crops is in direct conflict with? 

o Predatory animals  (1)  

o The amount of available sunlight per day  (2)  

o The goals of agriculture  (3)  

o Air pollution  (4)  
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Q33 Which organisation provided the text on genetic modification? 

o The Food and Drug Administration  (1)  

o The American Association for the Advancement of Science  (2)  

o The World Health Organisation  (3)  

o The Royal Society  (4)  
 
 
Page Break  
Q34 How informative did you find the text on genetic modification? Please feel free to add any of your 
thoughts. 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 
 

End of Block: Attention and Reflection (TEXT)  
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Start of Block: Attention and Reflection (VIDEO) 
Display This Question: 

If  We're also interested in understanding your knowledge about genetically modified crops and food a... Is 
Displayed 

 
Q35 We're also interested in what you remember from the video. The following questions will assess 
your recall of specific elements from the video. 
 
 
Page Break  
 

 
 
Q36 Why did the video suggest that continued crop improvement is necessary? 

o To improve the appearance of crops  (1)  

o To meet the growing demand for crops  (2)  

o To improve the taste of crops  (3)  

o To provide consumers with more options  (4)  
 
 

 
 
Q37 What did the video suggest that natural selection in wild crops is in direct conflict with? 

o Predatory animals  (1)  

o The amount of available sunlight per day  (2)  

o The goals of agriculture  (3)  

o Air pollution  (4)  
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Q38 Which organisation provided the video on genetic modification? 

o The Food and Drug Administration  (1)  

o The American Association for the Advancement of Science  (2)  

o The World Health Organisation  (3)  

o The Royal Society  (4)  
 
 
Page Break  
Q39 How informative did you find the video on genetic modification? Please feel free to add any of 
your thoughts. 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 
 

End of Block: Attention and Reflection (VIDEO)  
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Start of Block: Demographic data 
 
Q40 To conclude, please fill in the following information about yourself. 
 
 
Page Break  
 
 
Q41 What is your age? 

o Under 18  (1)  

o 18 - 24  (2)  

o 25 - 34  (3)  

o 35 - 44  (4)  

o 45 - 54  (5)  

o 55 - 64  (6)  

o 65 - 74  (7)  

o 75 - 84  (8)  

o 85 or older  (9)  
 
 
 
Q42 What is your gender? 

o Male  (1)  

o Female  (2)  

o Other  (3)  
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Q43 Which U.S. State do you currently live in? 

▼ Alabama  (1) ... Wyoming (50) 

 
 
Page Break  
 
 
Q44 What is the highest level of school you have completed or the highest degree you have 
received?  

o Less than high school degree  (1)  

o High school graduate (high school diploma or equivalent including GED)  (2)  

o Some college but no degree  (3)  

o Associate degree in college (2-year)  (4)  

o Bachelor's degree in college (4-year)  (5)  

o Master's degree  (6)  

o Doctoral degree  (7)  

o Professional degree (JD, MD)  (8)  
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Q45 What is your annual income before taxes? 

o Less than $10,000  (1)  

o $10,000 - $19,999  (2)  

o $20,000 - $29,999  (3)  

o $30,000 - $39,999  (4)  

o $40,000 - $49,999  (5)  

o $50,000 - $59,999  (6)  

o $60,000 - $69,999  (7)  

o $70,000 - $79,999  (8)  

o $80,000 - $89,999  (9)  

o $90,000 - $99,999  (10)  

o $100,000 - $149,999  (11)  

o More than $150,000  (12)  
 
 
Page Break  
 
 
Q46 Do you think of yourself as liberal or conservative? 

o Liberal  (1)  

o Conservative  (2)  

o Other  (3)  
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Q47 Would you describe yourself as religious? 

o Yes  (1)  

o No  (2)  

o Prefer not to say  (3)  
 
 
Page Break  
 
 
Q48 If you have any further comments regarding the study, please add them here. 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 
 

End of Block: Demographic data  
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Appendix B. 

Video stimulus 

What is genetic modification? From The Royal Society 

	

Source: https://www.youtube.com/watch?v=rx953M-tpp4 
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Appendix C. 

Text stimulus 

 

What is genetic modification? 

The Royal Society (UK) 

 

Natural selection tends to favour plants that can compete for light, water, nutrients, defend themselves 

from being eaten and disperse their seed over long distances. These characteristics are in direct conflict 

with the goals of agriculture, where farmers want plants to invest as many of their resources as possible 

into making nutritious, easy to harvest products. Because of the stark contrast between what natural 

selection has produced and what makes a good crop, for thousands of years we have used conventional 

breeding approaches to convert plants that compete well in the wild, to plants that perform well in 

agriculture. Genetic improvement has been a central pillar of improved agricultural productivity for 

thousands of years, with modern crop varieties being much higher yielding and generally more 

nutritious than their wild ancestors. Even with our modern crop varieties, continued improvement is 

both possible and necessary to meet growing demand. New characteristics can be introduced into crops 

using either conventional cross-breeding or genetic modification, GM for short.  

 

The characteristics of all living organisms, such as size, colour and shape are determined by their genes 

and their interaction with the environment. With improvements in our knowledge about which plant 

genes do what, we now know many genes that could contribute to improving sustainable food 

production by making them resistant to insects, viruses and herbicides. In some cases, conventional 

breeding will be the best way to deploy these genes. That is, by crossing-breeding the crop variety with 

the plant that contain the genes providing these characteristics. For instance, a wild plant that is virus 

resistant can be cross-breed with modern crop varieties to create a virus resistant modern crop. In other 

cases, GM, where scientists take a gene and insert it directly into a crop, might be easier or indeed the 

only way they can be deployed. 
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If you want to discover more about how GM is done, if it is safe and effective or what GM plants are 

grown and where, you can find the answers to these and many other questions about GM in the 

independent fact-based Q&A available on: royalsociety.org/gm-plants 
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Appendix D. 

Table of supplementary demographic data 

 

Frequencies of demographics in sample (supplementary) 
 Total (n = 158) ResText (n = 77) ResVideo (n = 81) 
 Frequency  Percent Frequency Percent Frequency Percent 
State       
Alabama 3 1.9% 2 2.6% 1 1.2% 
Arizona 4 2.5% 1 1.3% 3 3.7% 
California 18 11.4% 9 11.7% 9 11.1% 
Colorado 6 3.8% 2 2.6% 4 4.9% 
Connecticut 1 0.6% 1 1.3% 0 0.0% 
Florida 8 5.1% 4 5.2% 4 4.9% 
Georgia 4 2.5% 2 2.6% 2 2.5% 
Hawaii 1 0.6% 0 0.0% 1 1.2% 
Idaho 2 1.3% 2 2.6% 0 0.0% 
Illinois 4 2.5% 2 2.6% 2 2.5% 
Indiana 3 1.9% 3 3.9% 0 0.0% 
Iowa 1 0.6% 0 0.0% 1 1.2% 
Kansas 1 0.6% 0 0.0% 1 1.2% 
Kentucky 2 1.3% 2 2.6% 0 0.0% 
Louisiana 2 1.3% 1 1.3% 1 1.2% 
Maine 1 0.6% 1 1.3% 0 0.0% 
Maryland 1 0.6% 0 0.0% 1 1.2% 
Massachusetts 2 1.3% 1 1.3% 1 1.2% 
Michigan 7 4.4% 2 2.6% 5 6.2% 
Minnesota 4 2.5% 2 2.6% 2 2.5% 
Missouri 5 3.2% 1 1.3% 4 4.9% 
Nevada 4 2.5% 3 3.9% 1 1.2% 
New Jersey 5 3.2% 2 2.6% 3 3.7% 
New York 10 6.3% 5 6.5% 5 6.2% 
North 
Carolina 

7 4.4% 2 2.6% 5 6.2% 

Ohio 6 3.8% 3 3.9% 3 3.7% 
Oklahoma 2 1.3% 0 0.0% 2 2.5% 
Oregon 1 0.6% 0 0.0% 1 1.2% 
Pennsylvania 12 7.6% 7 9.1% 5 6.2% 
South 
Carolina 

1 0.6% 1 1.3% 0 0.0% 

Tennessee 4 2.5% 3 3.9% 1 1.2% 
Texas 15 9.5% 8 10.4% 7 8.6% 
Utah 1 0.6% 0 0.0% 1 1.2% 
Vermont 1 0.6% 0 0.0% 1 1.2% 
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Virginia 5 3.2% 2 2.6% 3 3.7% 
Washington 1 0.6% 0 0.0% 1 1.2% 
Wisconsin 3 1.9% 3 3.9% 0 0.0% 
       
       
       
Education       

High school 
graduate  

21 13.3% 12 15.6% 9 11.1% 

Some college 
but no degree 

42 26.6% 16 20.8% 26 32.1% 

Associate 
degree  

13 8.2% 5 6.5% 8 9.9% 

Bachelor's 
degree  

65 41.1% 39 50.6% 26 32.1% 

Master's 
degree 

12 7.6% 3 3.9% 9 11.1% 

Doctoral 
degree 

2 1.3% 2 2.6% 0 0.0% 

Professional 
degree 

3 1.9% 0 0.0% 3 3.7% 

       
Income       
Less than 
$10,000 

23 14.6% 16 20.8% 7 8.6% 

$10,000 - 
$19,999 

16 10.1% 6 7.8% 10 12.3% 

$20,000 - 
$29,999 

19 12.0% 9 11.7% 10 12.3% 

$30,000 - 
$39,999 

30 19.0% 16 20.8% 14 17.3% 

$40,000 - 
$49,999 

6 3.8% 1 1.3% 5 6.2% 

$50,000 - 
$59,999 

15 9.5% 5 6.5% 10 12.3% 

$60,000 - 
$69,999 

15 9.5% 7 9.1% 8 9.9% 

$70,000 - 
$79,999 

11 7.0% 7 9.1% 4 4.9% 
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$80,000 - 
$89,999 

10 6.3% 5 6.5% 5 6.2% 

$90,000 - 
$99,999 

4 2.5% 2 2.6% 2 2.5% 

$100,000 - 
$149,999 

5 3.2% 3 3.9% 2 2.5% 

More than 
$150,000 

4 2.5% 0 0.0% 4 4.9% 
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Appendix E. 

Supplementary between-group analyses 

 

Difference in Pre-AOGM for ResText and Pre-AOGM for ResVideo 

A paired samples t-test was conducted to assess any potential differences between Pre-AOGM for 

ResText and Pre-AOGM for ResVideo. Pre-AOGM for ResVideo scores showed no significant 

difference from Pre-AOGM for ResText scores (m = -0.0084, sd = 0.2676), t(76) = -0.277, p = 0.783. 

This suggests that the two groups had no significant differences in prior acceptance regarding genetic 

modification. 

  

Difference in Post-AOGM for ResText and Post-AOGM for ResVideo 

A paired samples t-test was conducted to assess any potential differences between Post-AOGM for 

ResText and Post-AOGM for ResVideo. Post-AOGM for ResVideo scores showed no significant 

difference from Post-AOGM for ResText scores (m = 0.0084, sd = 0.2610), t(76) = 0.284, p = 0.777. 

This suggests that the two groups had no significant differences in acceptance of genetic modification 

after exposure to their relevant stimuli. 

  

Difference in Pre-UOGM for ResText and Pre-UOGM for ResVideo 

A paired samples t-test was conducted to assess any potential differences between Pre-UOGM for 

ResText and Pre-UOGM for ResVideo. Pre-UOGM for ResVideo scores showed no significant 

difference from Pre-UOGM for ResText scores (m = 0.0314, sd = 0.2369), t(76) = 1.163, p = 0.249. 

This suggests that the two groups had no significant differences in prior understanding regarding 

genetic modification. 

  

Difference in Post-UOGM for ResText and Post-UOGM for ResVideo 

A paired samples t-test was conducted to assess any potential differences between Post-UOGM for 

ResText and Post-UOGM for ResVideo. Post-UOGM for ResVideo scores showed no significant 

difference from Post-UOGM for ResText scores (m = 0.0119, sd = 0.2257), t(76) = 0.463, p = 0.645. 

This suggests that the two groups had no significant differences in understanding of genetic 

modification after exposure to their relevant stimuli. 
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Difference in pre support for GM in agriculture for ResText and ResVideo 

A paired samples t-test was conducted to assess any potential differences in Pre support for genetic 

modification between ResText and ResVideo. Pre support for ResVideo score showed no significant 

difference from Pre support for ResText scores (m = -0.0368, sd = 0.4625), t(76) = -0.697, p = 0.488. 

This suggests that the two groups had no significant differences in prior support for the use of genetic 

modification in agriculture. 

  

Difference in post support for GM in agriculture for ResText and ResVideo 

A paired samples t-test was conducted to assess any potential differences in Post support for genetic 

modification between ResText and ResVideo. Post support for ResVideo score showed no significant 

difference from Post support for ResText scores (m = -0.0026, sd = 0.4583), t(76) = -0.050, p = 0.960. 

This suggests that the two groups had no significant differences in support for the use of genetic 

modification in agriculture after exposure to their relevant stimuli. 
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Appendix F. 

Respondent feedback on text 

 

How informative did you find the text on genetic modification? Please feel free to add any of your 

thoughts.* 

 

1. Easy 

2. None 

3. Very 

4. Very 

5. I learned a lot of new things. It was just a bit difficult to retain all of the information 

6. It was very informative.  I am in favor of genetic modification if it means limiting the amounts of 

chemicals used on our crops. 

7. I think is pretty informative. Also, that it is clever that they are using science to keep up the 

demands for food. After reading the short passage, I view genetically modified crops differently 

than before. 

8. It was a little confusing but somewhat informative. 

9. Only mildly. I have been strongly supportive of GM for some time now, and that's because I've 

already reasonably educated myself on the subject. 

10. Very 

11. It was t much more informative that what I already knew 

12. I found it informative-there is slot I don’t know about this subject 

13. It provided information on the benefits of genetic modification such as producing disease resistant 

crops and helping to meet the growing demand worldwide for crops. It did not discuss the risks of 

genetic modification. 

14. Not at all informative, it was clearly propaganda  

15. very informative 

16. Informative, but it's going to take more than a single study on a survey to change my opinions that 

much. 

17. It was a introduction to genetic modification of crops. 
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18. It did not have long term study how it affect human, the only things I know, if the bugs not eating 

them, I would not eat them. I am part of Nature and part of food chain.  

19. I thought they were all negative ideas on genetic modification t food. With the information given I 

know now there is negative and positive in genetic modification. 

20. Not veey 

21. I already know the information given there in the text 

22. I already knew about it. 

23. It provided a good introduction to what gm crops are and how it is done. 

24. I think that it was informative but I still have lots of questions. It made me want to research it more. 

25. Not too informative and difficult to follow. 

26. Informative and biased - I did not agree at all.  For example, to call it genetic "improvement" is 

relative. Larger size or yield is not necessarily healthier, tastier, more nutritious, more likely to 

"feed the world." There is plenty of food - the problem is inequity and lack of access. Only the most 

wealthy who can afford food get it. The corrupt intercept and control the food. Crossbreeding is 

closer to nature, not lab-created genetic modification such as involving protein folding, etc. It is 

controlling nature, lacks diversity with monocrops, negatively impacts the environment as we have 

seen massive associated species disruption and extinction, as well as human health issues. GM 

looks at short-term volume and profit, more natural diverse farming and restoration of wild food 

can feed the world if more people were involved locally and it was not controlled by big Agra. GM 

frankenseeds/ terminator seeds should be illegal, people should be able to save their seeds, toxic 

chemicals are more associated with GM agriculture, and seeds contaminating others' land equate to 

encroachment and trespassing. Also, life should not be patentable, and food necessary for life 

should not be a commodity. IMO food was already perfect, and anything we do to unnaturally 

modify it is going to make it worse in quality.  We were intended to pick vegetables and fruits off 

bushes and trees, not pick them out of grocery aisles in a building. And we need to get back to that 

or we will continue to degrade our health and environment. 

27. Good study 

28. I understand at a certain point although you did not give a case argument to the contrary. 
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29. It was biased and one-sided.  Some of it may be fact, but there are studies out there that show GM 

causing cancer, changing the ecosystem, destroying soil and all sorts of other negative results just 

in the name of "agriculture" 

30. Moderately informative 

31. It was straightforward and clear, but not particularly detailed. 

32. Slightly informative 

33. I felt like I already knew a lot of that but it was still interesting to read and I learned a little 

34. It was very informative on the history and reasons behind genetic modification.  I feel it is factual 

and does not contain any information that would put GMOs in a bad light. 

35. It was a good beginners guide 

36. It was fine. i've seen the same information in the past from other sources. 

37. Slightly informative 

38. n/a 

39. It was informative but there is still no way I will knowingly purchase products that have been 

created to resist pesticides.  

40. Very informative 

41. It was informative, but i had already known most of what was written. 

42. It was okay - but a FAQ style might have been better 

43. I found it interesting but a little hard to follow.   

44. Brought to light a method of ending either world hunger or ensuring that crops can still be grown 

well after the soil goes bad from over farming. 

45. Not at all 

46. it was okay 

47. IT WAS VERY INFORMATIVE 

48. I found it informative because i learned a few things that i didn't know before. it was interesting. 

49. Nope 

50. Very informative but could be expounded on with simpler language for lay people.  

51. n/a 

52. I didn't think it was very informative.  

53. IT WAS A INFROMATIVE TEXT  
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54. I found it slightly informative however I am interested in the process taken and implemented in 

order to GM plants and crops.  

55. It was informative but I was aware of most of the information it imparted. 

56. Very informative, and would lead me to investigate/research crop modification further to gain a 

better understanding of it. 

57. Very Interesting. 

58. It was pretty informative 

59. I found it to be moderately informative 

60. It was free informative and helped me 

61. I found it very informative. 

62. Thank you.  I enjoyed reading it. 

63. I think it was very informative without being too overwhelming. They gave just the right amount of 

information and didn't bog it down with particular scientific terms that not everybody would 

understand. 

64. INTERESTING 

65. It was helpful. Definitely made me think to research more. At first the terms sounds scary, but I can 

see the benefits for meeting demand. But people should have information about what they're buying 

to help inform their choices.  Hope my feedback was helpful.  Thank you. 

66. None 

67. Informative. I don't know much about genetic modification and I learned some things. Specifically 

that genetically modified plants can be cross bred with wild ones 

68. Very.  I was impressed by the straight forward approach of the author, no unnecessarily large 

words. 

69. I'm now, somewhat able to differentiate between genetic modification, and conventional cross-

breeding.  

70. Somewhat informative, however, there is a lot more to learn on the subject. 

71. It was interesting however I am still against GMOs 

72. I felt it was quite informative providing the pros on genetic modification. However, I wished that 

the text provided some "risks" as well for genetic modification. By giving complete information to 

the reader, I think the reader would be make a better informed decision. 
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73. It was somewhat informative.  I already knew beforehand that genetic modification can mean to 

involve cross-breeding. 

74. I thought that it was relatively informative but wish there were more details such as which crops 

this is primarily used on and what tests have been done. 

75. Quite informative 

76. I think it showed alot of information I liked reading ont he topic 

 

* This question did not require an answer from respondents. Therefore only submitted answers are 

listed here (in their entirety) 
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Appendix G. 

Respondent feedback on video 

 

How informative did you find the video on genetic modification? Please feel free to add any of your 

thoughts.* 

 

1. It had great visuals to an otherwise difficult concept 

2. Seemed one sided all positives  

3. I enjoyed the video and found it to be informative. 

4. I thought it was very informative and did a good job at explaining the concepts in a simple way 

5. NONE 

6. Somewhat informative. 

7. I think the video is very educational because it has good production, good content 

8. The video was informative yet did not provide any information that I did not already know. 

9. It was somewhat informative I wish there was more detail. 

10. It was somewhat informative for the purpose 

11. I liked it! 

12. It was pretty interesting, though I feel like I knew a lot of those facts already.  

13. I thought it was somewhat informative. But it didn't really go into any of the possible problems 

with it. It really assumed that everything was just safe kind of like how the creators of the atomic 

bomb thought it would keep the world safe if we develop it. 

14. Very informative 

15. It was very informative and cleared up some questions about GM 

16. Very 

17. It was a good introduction.  Very easy to understand.  Enjoyable. 

18. I thought the video was quite informative.  

19. It was fairly informative  

20. Somewhat. I have always understood that plants and animals have been genetically manipulated to 

achieve agricultural and other goals.Like special breeds of dogs that exist just for the pleasure of 

their owners. 
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21. it was ok, i would have liked more scientific evidence  

22. Pretty good. It might have been good for it to address some of the fears people have about GMOs, 

though. 

23. I found it pretty informative but I'm going to do a little more research on the subject. 

24. It never really explains whether or not it is safe to do things like this. 

25. It very informative. At least now i have a clear understanding of how GM works and a positive 

perspective towards is  

26. Quite, I also loved the animations  

27. Interesting 

28. Very informative 

29. It gave me detailed outlook on the cause and effect of using said plants 

30. Informative but still have to make my own decisions 

31. Seemed informative although slightly biased because it mentions none of the negative aspects. 

32. Kind of informative 

33. The video contained some good information 

34. I found it very concise on the information it wished to teach in a short and digestible amount of 

time. 

35. I hadn't thought about the fact that agricultural goals are in direct conflict with natural selection.  

The video was very informative. 

36. Very 

37. Very informative.  I will do more research to know about it further. 

38. It worked well as a simple introduction. 

39. It was very informative and simple and easy to understand through the illustration. 

40. Interesting still not convinced still avoid it if I know it is modified.All the reason you gave were 

why people think something. Nature can not be messed with. The strongest best survive and they 

should nurture what they have not modify it..sorry hope I still get paid. 

41. Mildly.  It's missing more detailed explanation. 

42. It was interesting but the graphics helped make it understandable. 

43. I mean it was okay but didn't share any of the risks involved. Then again I personally don't agree 

with GM products and buy certified non-GMO products whenever possible.  
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44. I thought it presented information in an easy to understand format. 

45. It was informative 

46. Very informative.  

47. I thought it was brief but quite informative.  

48. The video was a good introduction into genetic modification of crops 

49. n/a 

50. It didn't really tell me anything I didn't know. It seemed to me like a propaganda video for GM 

crops. Yes, they can have benefits but only if the technology is used responsibly and with full 

knowledge, and right now we are like children trying to change one thing to suit ourselves without 

taking into account how it affects the soil and the environment around us. Also, agriculture 

companies hardly have a great reputation for acting ethically with regard to the environment. At 

this time, the risks and disadvantages far outweigh the benefits.  

51. I dont like chemical bread into seeds 

52. Somewhat informative 

53. Pretty informative. I thought the part about genes being the only factor responsible for size, color, 

shape, etc was a bit iffy, but my concerns were somewhat resolved when the speaker qualified the 

statement with "in conjunction with environmental variables." I think the related survey question 

was also questionable because while genes do cause these outcomes to vary,  gene are not sufficient 

for all variation. 

54. Propaganda 

55. Disgusting propaganda!!! How do you sleep at night?! I don't even care what lies are in this video! 

I'm not buying this POISON! 

56. I was already aware of some aspects of it. 

57. For the most part, it was very informative. It didn't go into the explicit details of how genetic 

modification is done or the risks vs. benefits of GM, but it still provided a good amount of insight 

into its use in the agriculture industry and the goal of genetic modification. 

58. Somewhat informative. 

59. Very interesting, however, would like to learn more.  Made me realize that this cannot possible be 

dangerous. 

60. Its ok 
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61. N/a 

62. It was fine  

63. Don't have any additional comments 

64. Very informative 

65. I think it has a biased angle. "For fact based information, go to our website." If a company or 

organization truly believes in the unbiased dispersal of data, they would provide several sources 

and alternative companies.  

66. "Very informative!!  

67. " 

68. It was quite informative and corrected a few things I thought I had known. 

69. I don't feel like I learned anything new personally 

70. Not very 

71. No comments, but I thought it was a good video at explaining some of the most important points. 

72. I thought it was very interesting. 

73. I found it a little informative as it told basics but didn't go very in depth about the process. 

74. It was really interesting and I know things I didn't know before 

75. Overall great but must admit still a little confused about it 

76. Not very 

77. Very informative, but I forget some answers from the previous questions. I answered to the best of 

my ability. 

 

* This question did not require an answer from respondents. Therefore only submitted answers are 

listed here (in their entirety). 

 

 

	


