[image: JCOM Journal of Science Communication]
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Abstract

People become familiar with stories as sources of information in their childhood, and, while
they have recently received interest as potential science communication tools, few studies
have considered aspects of story quality on science communication. We postulate that quality
is an important, if challenging, facet that should be considered when exploring the potential of
short stories in science communication. This essay argues that quality should be a
key consideration of those interested in studying or working with short stories for
science communication purposes and presents criteria for the ‘well-made’ short
story.
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1  Introduction

Issues like global warming, conservation, and artificial intelligence, raise complex questions
around governance and policy which require public involvement [Hickel, 2016; Kaijser &
Lövbrand, 2019; Martinez-Conde et al., 2019; Reinsborough, 2017]. Effective science
communication can facilitate public engagement with the often complex science
underpinning these societal issues. However, facts are often insufficient when it comes to
engaging people [Dahlstrom & Scheufele, 2018; Davies, Halpern, Horst, Kirby & Lewenstein,
2019; Jones & Anderson Crow, 2017; Longnecker, 2016; Martinez-Conde & Macknik, 2017;
McKinnon & Orthia, 2017], and communicators need new, creative tools and methods to
promote engagement with scientific information.


 As a form of art, literary fiction offers a novel way to communicate scientific knowledge
[Fletcher, 2019; Illingworth, 2016; Negrete, 2005]. Fictional stories have attracted the attention
of researchers and communicators because they can integrate cultural beliefs and traditions
with scientific knowledge [Cormick, 2019; Davies et al., 2019]. Research suggests a wide
range of potential benefits of using narrative approaches to science communication. These
fall broadly into three areas: engagement (interest), persuasion (or behavior change) and
learning (or memory retention).


 Previous studies on narratives suggest that transportation and identification with
characters can increase engagement [Borrayo, Rosales & Gonzalez, 2017; de Graaf, Hoeken,
Sanders & Beentjes, 2012; Finkler & Leon, 2019; Malcolm, 2012; Green & Donahue, 2008;
Moyer-Gusé, 2008; Prince, 2003; Slater & Rouner, 2002]. Transportation occurs when ‘all
mental systems and capacities become focused on events occurring in the narrative’ [Green &
Brock, 2000, p. 701], while identification with characters refers to the process whereby a viewer
takes on the role of a character in a story [Moyer-Gusé, 2008; Slater & Rouner, 2002].
Identification with characters may be one of the ways that stories can link scientific facts to
people’s daily experiences (including emotions) [Jose & Brewer, 1984; Joubert, Davis &
Metcalfe, 2019; Mar & Oatley, 2008; Riedlinger et al., 2019; Weitkamp, 2019]. Interestingly,
the engagement created through narratives has been reported to be a key factor
in persuasion and changing the audience’s attitudes, intentions, and behaviors
[Dahlstrom, 2012; Kaplan & Dahlstrom, 2017; Slater & Rouner, 2002]. For example,
fictional narratives have been shown to have the potential to influence people’s
attitudes and behaviors in environmental sustainability subjects [Bilandzic & Kalch,
2021].


 Several scholars have suggested that stories can be mobilized to change attitudes and
behaviors [Dahlstrom, 2014; Davies et al., 2019; Deighton, Romer & McQueen, 1989; Fletcher,
2019; Green & Donahue, 2008; Moyer-Gusé & Dale, 2017; Riedlinger et al., 2019;
Slater & Rouner, 2002], though the results are inconsistent [Allen & Preiss, 1997;
Appel, 2008; Appel, Richter, Mara, Lindinger & Batinic, 2011; Bekalu, Bigman,
McCloud, Lin & Viswanath, 2018; Borrayo et al., 2017; Prentice, Gerrig & Bailis,
1997; Shen, Sheer & Li, 2015; Sun, Lee & Qian, 2019; Wheeler, Green & Brock, 1999],
with findings ranging from scientific facts or data being more persuasive than their
narrative versions, to conditional superiority of one format over the other in terms of
persuasion, to narrative format being more persuasive than the scientific version. Also, a
combination of narrative and non-narrative formats has been reported to have a higher
potential than each separate format [Nan, Dahlstrom, Richards & Rangarajan, 2015].
Potential explanations for these contradictory findings are illustrated in Figure
??.
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 Research also suggests that stories can improve learning processes [Avraamidou
& Osborne, 2009; Constant & Roberts, 2017; Kaplan & Dahlstrom, 2017; Lejano,
Tavares-Reager & Berkes, 2013; Mar & Oatley, 2008] and enhance the duration of
fact recall [Haven, 2007; Negrete & Lartigue, 2010]. For example, studies show
that narratives can promote the retention of information acquired by audiences for
longer compared with the same facts presented alone [Dahlstrom, 2012; Negrete,
2013, 2021; Lartigue, Negrete, Velasco & González Villarreal, 2016; Rios & Negrete,
2013].


 Taken together, the aspects of enjoyment, persuasion and learning could make narratives
a powerful medium for science communication. Yet, to date, there has been little exploration
of the importance of the quality of narratives for science communication (regardless if the
intended outcome is engagement, persuasion, or learning). The concept of quality in science
communication is itself poorly defined [Fähnrich, Weitkamp & Kupper, 2023;
Olesk et al., 2021], raising questions about what we mean by quality. Is it some
objective feature that can be analyzed? Drawing from educational studies, Klassen
[2009], for example, proposes 10 elements needed for a ‘good’ science story, which
must contain: event-tokens, the narrator, narrative appetite, past time, the structure,
agency, the purpose, the role of the reader, the effect of the untold and irony. While he
argues that all of these elements (with the possible exception of irony) should be
present, he does acknowledge that judging quality may also require us to consider our
objectives (in terms of education or communication) and the perceptions of the
reader. Although not explicitly listed as quality criteria, other studies have focused
on the importance of the plot goal and crafting of the central information, along
with the sufficiently detailed and engaging characters [Haven, 2007]. Specifically in
relation to science stories, Broemmel, Rearden and Buckner [2021] argue that the
accuracy of scientific information should be considered. This proved contentious in the
study conducted by Fähnrich et al. [2023]; accuracy was considered an important
quality criteria but one which might be mitigated depending on the intentions
of communication, with some arguing that achieving the desired effect might be
most important. In a study of group reading as a tool for pain relief, Billington,
Humphreys, Jones and McDonnell [2016] suggest intellectually and emotionally
demanding texts are most effective, pointing to readers’ motivations as an important
consideration.


 This brings us to the reader and whether quality can exist independently of the reader.
Roland Barthes argues for the importance of pleasure and ecstasy, both states achieved by
readers [Ribière, 2008]. Barthes argues pleasure arises when the reader ‘is in control and feels
comfortable with the text’ while ecstasy arises ‘when the reader is destabilized and
caught in the whirlwind of the text’ [Ribière, 2008, p. 56]. Similarly, Hopper [2006]
lists reader outcomes as an important facet of any judgement on the quality of a
text and several of the criteria proposed by Haven [2007] speak to reader-related
outcomes, such as being memorable, meaningful and relevant. Thus any discussion of
quality cannot be divorced from a consideration of the goals of both reader and
writer.


 These features suggest that using the common definitions and structures of stories such as
ABT (And, But, Therefore) [Olson, 2015] or Rise-Fall formulas [Cormick, 2019; Reagan,
Mitchell, Kiley, Danforth & Dodds, 2016] will not necessarily produce an enjoyable and
engaging story. This essay argues for greater emphasis on the quality of stories,
whether used in science communication practice or research. We outline the key
features of a short story emphasizing those we argue are most important to science
communication. We then develop criteria for a well-made (high-quality, engaging) science
story. Finally, these criteria are used to analyze an existing work with a view to
providing suggestions for science communicators and researchers working with short
stories.
 

2  Features of a short story

According to Le Guin, fiction is ‘… an active encounter with the environment by means of
posing options and alternatives, and an enlargement of present reality by connecting it to the
unverifiable past and unpredictable future’ [Le Guin, 1989, pp. 44–45]. Short stories are a
form of prose fiction, defined by their length [Burroway, 1996; Hawthorn, 2005; Malcolm,
2012]. But, length is ambiguous (how short should it be, how many words?) [Malcolm, 2012;
Reid, 2017], and other features must be considered. Edgar Allan Poe proposes that
a tale’s perusal should last from a half-hour to one or two hours, at one sitting
[Hawthorn, 2005; Malcolm, 2012; March-Russell, 2009]. But, there are short stories whose
reading takes more than two hours (at least for some people), and some people
can sit for longer than others [Reid, 2017]. However, it does point to the need for
succinctness.


 According to Merriam-Webster, a short story is ‘an invented prose narrative shorter than
a novel usually dealing with a few characters and aiming at unity of effect and often
concentrating on the creation of mood rather than plot’. While this practical description
reflects the main aspects of a short story, other factors are important. In his 1842 reviewof
Nathaniel Hawthorne’s Twice-Told Tales, Poe suggests that the unity of effect or
impression is the most significant and essential factor to consider for a short prose
tale [March-Russell, 2009; Reid, 2017]; it is created by ensuring that all elements
of the story focus on creating the desired effect in the reader. According to Poe,
this unity is necessary to capture life’s most profound impressions of transient
experiences and moments [March-Russell, 2009]. Although the unity of effect is a
quality that can be shown in most well-made short stories [Hills, 1977], there are
great stories (like many of Chekhov’s stories or Gogol’s ‘The Overcoat’) which are
appealing, mainly because they lack this single effect [Reid, 2017]. Thus, a lack of unity
of effect does not always mean a poor quality story. It is also interesting to note
that when a single effect exists in a story it can influence other story features. For
example, if a short story is aimed at depicting the consequences of ignorance about
climate change, it can influence the writer’s choice about the story’s features such
as time and location (maybe a region suffering from the consequences of climate
change in the future), characters that can help the story’s purpose (for instance,
environmental scientists or activists, and hapless people living in bad conditions),
etc.


 A moment of crisis, when revelation happens to the story’s main characters or the reader
itself, is considered by some essential, but for others it is unnecessary [Burroway,
1996; Reid, 2017]. In some stories, one of the main characters finally faces these
moments of truth (like Joyce’s ‘Araby’), while in many others, it is only the reader
who perceives these revelations (like Joyce’s ‘Clay’) [Reid, 2017]. Also, stories may
lack any moment of crisis (like Hemingway’s ‘A Clean, Well-lighted Place’) [Reid,
2017].


 Plot is important for short stories, as for longer narratives, but the concept of the plot is
more flexible than Aristotle’s traditional view of having a beginning, a middle, and an
end [Reid, 2017]. The plot’s role in the short story is not to interest the reader but
to move characters through action to provide events and incidents which are in
accordance with the whole story [Hills, 1977]. Therefore, different patterns of plots can be
adopted to craft successful stories, provided that the plot’s actions contribute to the
story. As a result, there are many modern plotless short stories (like John Barth’s
‘The Night-Sea Journey’), or stories in which the end and the beginning are the
same (like Patricia Griffith’s ‘Nights at O’Rear’s’), or stories showing only a state
of affairs rather than a sequence of events (like most of Chekhov’s sories) [Reid,
2017].


 Characters are also important for engagement: character features (identification with
character, liking, perceived similarity and parasocial interaction) can increase engagement
and may enhance the persuasive potential of stories [Moyer-Gusé, 2008; Weitkamp, 2019].
Here the writer’s skills in creating believable characters with whom the audience can identify
comes to the fore. For example, in James Patrick Kelly’s science fiction short story
‘Rat’, the main character, Rat, is an extraordinary rat, who smuggles a forbidden
addictive drug, has betrayed and murdered people before, and kills all to become
the richest rat in the city. However, the reader follows him and feels empathy for
him.


 Other features of short stories can be found in many storytelling books and
workshops, such as setting, point of view and frame technique. These features
are more about technical contexts and highlight the importance of experience and
honed writing skills in storytelling. Discussing them is beyond the scope of this
work.





3  Considerations for science short stories

Short stories offer opportunities and challenges to the science communicator and science
communication researcher interested in comparing communication formats. From a practical
perspective, short stories are less information dense than many journalistic formats. This
means that the short story takes longer (or more words) to convey the same information as,
say a news story (or indeed a scientific abstract) [Haven, 2007]. For the science
communication researcher interested in comparing the potential of different genre as science
communication tools, this presents a problem. For example, to avoid substantially different
text lengths, in their study of the effectiveness of fictional narratives in communicating
science as compared to other text formats, Negrete and Lartigue reduced the length of Primo
Levi’s ‘Nitrogen’ and Anatoly Denieprov’s ‘Crabs take Over the Islands’ (by deleting some
parts of the stories) [Negrete & Lartigue, 2010]. However, shortening existing stories runs the
risk of eliminating essential features of the story and may not create the same overall
effect on the reader [Weitkamp, 2019]. An alternative is to craft original stories
specifically for research purposes, though quality becomes a key consideration
here.


 Short stories, through their use of setting and characters, can place science in familiar
contexts, enabling readers to make connections with everyday life. This may be particularly
useful for communicators wishing to explore the impacts of science on daily life, or to
encourage people to adopt healthy or environmentally-friendly lifestyles. This ability to place
science in context is taken a step further in the science fiction genre. Science fiction is one of
the most successful and influential literary genres, affecting people’s understanding and
image of science and technology [Hauptman & Steinmüller, 2018; Steinmüller, 2003]. Le
Guin called this genre ‘the mythology of modern world’ [Le Guin, 1993, p. 68] because it
‘… does use the mythmaking faculty to apprehend the world we live in, a world
profoundly shaped and changed by science and technology, and its originality
is that it uses the mythmaking faculty on new material’ [Le Guin, 1993, p. 70]. It
is rooted in the ‘what if…’ scenario [Cox, 2005; Hauptman & Steinmüller, 2018]
and thus it always has the potential to offer new imaginations and perspectives,
and an engaging storyline. Questions like ‘what if robots ruled the world? What
if people radically altered their attitude to travel? What if people could travel to
distant galaxies? What if people ignore climate change?…’ potentially offer engaging
approaches to stories exploring new ideas, explanations of current scientific facts, or
predictions of some human-caused trends, etc. Many short stories exploring scientific
themes are also rooted in ‘what if…’ scenarios, and they can engage their audience via
representing a new world (based on a different view, an undiscovered scientific
explanation for an issue, a futuristic prediction and so on). We argue that short
stories which place science in familiar contexts and ask ‘what if…’ questions offer
opportunities to the science communicator/researcher but ONLY if quality is also
considered.


 In the context of science communication, placement of scientific information and science
communication outcomes might also be important considerations. We consider the central
placement of scientific information an essential component of a well-made science story.
Central placement, however, does not mean that the scientific message or fact should be
explicit. A good story does not ram home its message, but gently, sometimes mysteriously,
leads the reader. Instead, it means that all the elements of the story should revolve around the
scientific message; all should contribute to its explanation, believability etc. Again, the
importance of science within the story should not lower the story’s enjoyment and thus
engagement; it should be integral and work in concert with other necessary factors,
such as plot and characters. How can we judge and how can we make well-made
stories?


 Formulae and techniques alone will not make a quality story. According to Hills, the
excellence (the extent of being well-made) of a short story can be demonstrated by
considering the internal relationships of different parts and the relationship of parts to the
whole story [Hills, 1977]. Hills points out that the excellence of a story depends on the kind of
interrelationships, on the harmony and effectiveness of them — not on their number, and that
in a fine short story, different parts of the story work harmoniously and effectively together to
create the story’s excellence. In our science communication context, this necessarily includes
the core underpinning science. Using Henry James and Poe’s notions, Hills further states that
in a well-made story, every part works with other parts, and the parts are so interwoven
that they are inseparable. Therefore, to demonstrate the excellence or quality of a
story, the inseparability of its different parts must be shown, including the integral
role of scientific information. In other words, in a well-made short story, there is
no role or place for material that does not contribute directly or indirectly to the
work’s single and unique effect or the work’s whole actual meaning [Hills, 1977]
— science cannot be simply overlayed or added as didactic content, it must be
necessary to the meaning of the work. This offers a particular warning to researchers
seeking to shorten texts in the interests of creating comparable length texts: if all
features are essential, how can any words be stripped out without affecting the story’s
effects?


 In addition to the abovementioned inseparability and single effect, in a science
communication context a well-made short story should represent something (such as a
feeling, a view or an issue) new to the reader/listener or present a new angle or perspective
related to the research being communicated. Readers are important here. As Le Guin [2004]
points out ‘a story is a collaboration between the teller and the audience, writer
and reader’ [p. 230]. The strength of great stories is that they engage their readers,
transporting them to another place [Green & Brock, 2000; Green & Donahue, 2008],
and this, as with other forms of science communication, means the writer needs to
consider for whom they are writing. Le Guin [2004] suggests three stages of writing: in
the ‘approach’ stage consider your potential audience and any constraints this
might impose on e.g. language. Next comes the writing stage, when audience and
aesthetics are set aside and the rough story crafted. Here Le Guin advises you to ‘trust’
the story. In the third stage, revision and rewriting, audience is again front and
center, as ‘clarity – impact – pace – power – beauty…’ are revisited [Le Guin, 2004, p.
233].


 As a final point, a poor-quality story will not grab the reader, nor will the reader identify
with under-developed characters. Quality is important. A science communicator or
researcher wishing to create short stories will either need to develop their knowledge and
experience as a storyteller or seek help from a skilled writer, likely one who is interested in
science. Figure ?? shows the features that can lead to a well-made short story for science
communication studies.
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3.1  Deconstructing a well-made short story

Kurt Vonnegut’s ‘2BR02B’ [1962] is an example of well-made science fiction short story,
representing the characteristics discussed above (i.e., shortness, representing something new,
having inseparability of different parts and unity of effect). The story revolves around
Hamlet’s most famous soliloquy, ‘To be or not to be…’. The story happens in a future time
when there are ‘no prisons, no slums, no insane asylums, no cripples, no poverty, no
wars. All diseases were conquered. So was old age. Death, barring accidents, was
an adventure for volunteers. The population of the United States was stabilized
at forty-million souls…’ [Vonnegut, 1962, p. 59], and for every child to be born,
someone should volunteer to die. This is indeed something new and intriguing (a
peaceful world in the future with voluntary death) to the reader, though it can also be
attributed to a common concept such as the struggle for death and life. This story
also sets up a ‘what if’ scenario that both holds the story together and drives it
forward.


 This struggle becomes more intense when we become aware that Mr. Wehling will
have triplets and only has found one volunteer (his grandfather) to die. Before the
birth, two volunteers must show up or the father must choose between the triplets
(this is the crisis around which this story revolves). All parts of the story address
the conflict between life and death, which is explored through the question ‘what
if humans were immortal’. This focus on life, death and immortality ensure the
different elements of the story are inseparable and contribute to a unique effect. For
example, the mural on which the painter (one of the story’s main characters who
prepares a mural for the hospital’s waiting room) works reflects the story’s message as
it depicts ‘… a very neat garden. Men and women in white, doctors and nurses,
turned the soil, planted seedlings, sprayed bugs, spread fertilizer.’ and ‘Men and
women in purple uniforms pulled up weeds, cut down plants that were old and
sickly, raked leaves, carried refuse to trash-burners,’ [Vonnegut, 1962, p. 60] which
illustrates the conflict between life and death, having one group in white giving life
and the other group in purple taking it. The hospital orderly’s conversation with
the painter and his words are again in line with the story’s central concept. We
see that the hospital orderly comes down the corridor, singing a ‘popular song’:



‘If you don’t like my kisses, honey,
Here’s what I will do:
I’ll go see a girl in purple,
Kiss this sad world toodle-oo.
If you don’t want my lovin’,
Why should I take up all this space?
I’ll get off this old planet,
Let some sweet baby have my place.”
[Vonnegut, 1962, p. 60]




 The orderly, through this song, states that death and life exist together and one must die
for another to replace them. Next, we have ‘The orderly looked in at the mural and the
muralist. “Looks so real” he said, “I can practically imagine I’m standing in the middle of
it.”


 “What makes you think you’re not in it? said the painter. He gave a satiric smile. “It’s
called ‘The Happy Garden of Life,’ you know” [Vonnegut, 1962, p. 60] which indirectly says
that anyone (even those who are not depicted as people in the mural) are in the mural (just as
seedlings and plants) dealing with life and death.


 Dr. Hitz (the hospital’s chief obstetrician with a white uniform) who is an expert in
childbirth and Mrs. Duncan (a gas chamber hostess clothed in purple) whose job is to
make people comfortable when she kills them, represent life and death. The painter
himself has a similar struggle for living or dying as we see in the end of story ‘The
painter pondered the mournful puzzle of life demanding to be born and, once born,
demanding to be fruitful… to multiply and to live as long as possible — to do all that on a
very small planet that would have to last forever.’ and ‘all the answers that the
painter could think of were grim. Even grimmer, surely, than a Catbox, a Happy
Hooligan, an Easy Go. He thought of war. He thought of plague. He thought of
starvation.’ [Vonnegut, 1962, p. 65] and then when he decides to kill himself he does
not have the nerve and calls the famous number ‘2BR02B’ to have a comfortable
death. And finally, the story’s title ‘2BR02B’ (which is ‘to be or not to be’) represents
the story’s central message. ‘2BR02B’ not only has the general features of a short
story (it has a plot, compelling characters, a moment of crisis, shortness, etc.), but
the unity of effect and ‘newness’ of the concepts explored make this a well-made
story.





4  Conclusive remarks and future directions

Science-themed short stories have great potential in both science communication practice and
research. However, we have argued that their ability to engage readers is crucially dependent
on quality. Who amongst us has not picked up and put down in dismay the poorly crafted
story (whether short or novel)? Intrinsically, we know the importance of quality, but just
because we can identify the poor quality story, does not mean we can all rise to the
challenge of crafting a well-made one. We have sought to set out facets of narrative that
contribute to the quality of stories, but we urge those interested in working with this
format to consider carefully how best to proceed. Research into the potential of short
stories for science engagement is needed, but care must be taken to ensure that
such studies really do test the potential of stories in science communication by
ensuring they work with well-made stories, stories with the most potential to engage
readers.


 We argue that well-made short stories are flexible tools for both science communication
research and practice. They can be told in different ways (by deciding how to use plot, point
of view, moment of crisis, time, etc.) for different ends or to test different ideas. These
features can be used to create a high-quality story that will convey a message, emotion,
experience or unique view about an issue. This means that writing or telling a fine
short story can be a challenging, time-consuming task that needs knowledge about
features and techniques of storytelling and enough experience and passion to create
them.


 For the researcher, finding the time and expertise to create such stories is problematic. Yet
stories may not exist which match the themes they seek to explore in their research. These
challenges may explain why there are so few studies in which a quality short story is used.
This challenge is not insurmountable; though finding professional writers able to deliver
such stories may not be easy. More studies on well-made scientific short stories (original or
adopted) are needed to fully understand their potential in different contexts of
communication.


 While we advocate for the use of fine narratives in research and communication,
considering the quality and structure of stories should not be at the expense of the scientific
aspects. Quality and care are needed in relation to scientific content, just as much as story
crafting, or readers may misunderstand the science inside the story. It is a double-edged
work! We argue that where original stories are used, quality can be assured in two ways:



	
 Using a combination of scientists and writers to create the most effective and
 appropriate scientific stories
 


	
 Before embarking on a story-based project, consider what training is available
 for those involved in creating storied works



The first option is more plausible and may be more effective, and science communication experts
may already be using such combinations in different interdisciplinary fields and works. The
second suggestion, however, is something uncertain and depends on the skills of science
communicators and researchers involved. For those with an inclination to storytelling,
knowing the features and techniques needed to create well-made stories, is a start, but is not
sufficient. Fine stories cannot be made in a short time, nor can they be created without
effort.


 Taken together, well-made short stories are potentially practical tools that have a role in
both science communication practice and research. They have brevity, making them desirable
for researchers, communicators, and the target audience. In addition, they may be more
engaging, persuasive, and memorable ways of conveying scientific messages than common
narratives used in health and science communication studies and initiatives, thus leading to
more unified and positive results.
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oriented (vs. future-oriented)
message works better in
narratives) (Kim & Nan, 2016)
Causality (causality can
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(Dahlstrom, 2012)
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(Melanie & John, 2008)
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smoking) (Shen et al., 2015)
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possibility) (Melanie & John,
2008)
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persuasion effect) (Shen et al.,
2015)
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Anderson Crow, 2017)
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