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Abstract

Staying informed is essential for citizens but not everyone is equipped with the right tools to distinguish scientific facts from
opinions, well-founded arguments from sensationalist news. Popularization and outreach should be more focused on
transmitting methods, demonstrations, and arguments rather than scientific results. It is important to keep concepts’ complexity
while doing so and to target young audiences. The journal DECODER offers an outreach journal allowing direct exchange
between the classroom and researchers to provide critical tools to young minds. It is a duty of researchers to engage into
outreach activities, as providers of new knowledge and advocates of the scientific method.
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Introduction

What is the role of researchers in the 21% century, when their messages seem lost in the glut of information?
Researchers generate scientific results, published in form of academic articles, and valorized through patents and
presentations at congresses; they also train their colleagues and students and, they disseminate this knowledge
through public outreach. Regardless of the science field (from classical Science Technology Engineering
Mathematics (STEM) fields to humanities and economics), knowledge originates from questions, leading to
hypotheses being tested via empirical experiments or texts, situational analyses, resulting in answers to the initial
questions.

Knowledge is thus classically defined as the understanding of a topic or the information thereabout, acquired by
experience or study (Cambridge dictionary); it is the gateway to understanding our world and can be used for specific
purposes facing different societal needs. Knowledge enables the comprehension of our potential and current actions
in order to possibly avoid — or at least mitigate — the negative effects thereof. The prime user of this knowledge,
deriving from scientific results and generated by researchers, is the scientific community itself, to further explore a
question; then, authorities need and use this knowledge to meet societal challenges; besides, entrepreneurs use it to
develop new products; and finally, all citizens use it to make informed decisions, have a critical look on their
government’s choices, and better understand the world.

Access to knowledge derived from scientific research is crucial for all citizens in a society, and yet numerous
limits do exist, preventing full and free access to everybody. Freedom of information has several political, economic
and sociological stakes (Lor & Britz, 2007), and research, as a small contributor to the mass of information, shares
the same ones. The authors assert that researchers’ roles in the transmission of knowledge needs redefinition. The
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authors argue that researchers should get involved and engage more concretely in knowledge diffusion, especially
towards the younger generation. Finally, the authors discuss one way of how this can be achieved.

Knowledge: Essential and Remote

The importance of accessing knowledge

Informed choices, which citizens are bound to make on a daily basis, derive from their knowledge and information
literacy on a given subject, but also from their attitude towards information, whether it is a passive “news will find
me” posture or an active behavior checking different information sources (Gil de Zufiiga & Diehl, 2019). Romijnders
et al. (2019), for example, showed that people who refuse vaccines have less knowledge about vaccine-preventable
diseases; they perceive less risk about these diseases and their refusal is based on non-evidence arguments
(Romijnders et al., 2019). Giving citizens access to (scientific) knowledge provides them with the tools needed to
develop their critical thinking, i.e. efficient reading, analysis and synthesis of different resources (Bezanilla,
Fernandez-Nogueira, Poblete, & Galindo-Dominguez, 2019; Ku et al., 2019). Therefore, education and awareness
on critical thinking and critical literacy are crucial along with easier knowledge access and should be included in all
education programs (Georgiadou et al., 2018; Berki & Valtanen, 2007).

In the last decades, citizen-science projects have emerged around the world; they show that the more people have
access to scientific knowledge, the more science can progress, thanks to critical discussions (Bonney, Phillips,
Ballard, & Enck, 2016). These projects and the proximity they create between the research world and the citizens
also create a virtuous circle, where involved citizens always seek to learn and discover more (Pocock, Tweddle,
Savage, Robinson, & Ro, 2017). Following this trend, more and more researchers have their own blog, YouTube
channel or social media account to share their work, some journals like “Frontiers for young minds” enable young
students to review research articles, and innovative actions like the Knowledge Democracy Initiative of the Action
Research Network of the Americas (ARNA) have emerged (Rowell & Call-Cummings, 2020). Science thus
becomes tangible instead of an abstract belief while enabling more transparency in science practice (Blanchard,
2011; Bobroff, 2017).

With the objectives of simultaneously fostering a wide scientific diffusion at no cost and helping young students
develop their critical mind, as well as creating more direct interaction between researchers and the general public,
the authors created the outreach journal DECODER — in French, to decode (each letter of this French acronym
stands for Discover, bE Curious, Open-minded, Demonstrate, Experiment, Research) — written by and for junior
high and high school students (Poulet, Vernay, Goncalves, Dalmas, Vernay, 2020). Students can either actively
revise a short version of a published academic article — in tight collaboration with one of the co-authors — to
transform it into an outreach article that can be understood by people their age, or they can set up their own
experiment and write an article about it, displaying hypotheses, methods and results, while getting feedback from a
researcher in the field (Fig. 1). The ambition of this journal is to propose a free alternative way of sharing science
— issuing on the DECODER website students’ outreach articles based on published academic manuscripts, with
the voluntary participation of original authors — while complementing already existing initiatives.
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Fig. 1: Schematic view of the participation process for a researcher getting involved in DECODER. Source: the authors.

For instance, Dr. Collard, a researcher in marine biology of the Norwegian Polar Institute published an outreach
version of her article (Collard et al., 2017) about microplastics in anchovies’ liver with a junior high school class in
November 2020. She proposed a shortened version of her original article and the class reformulated some sentences,
discussed with her about some complex topics. One of the most significant added values was the inclusion of a
lexicon, which will help the audience in their understanding of the article. Another researcher, Dr. Dalmas,
researcher in computer science, discussed his article (Dalmas, Fournier-Viger, & Norre, 2017) with a class of junior
high school students, about an algorithm that detects past choices to predict future choices in the field of health data.
This work enabled students to get familiar with algorithms and data science. They proposed the following changes:
improving the clarity of the paper, the illustration that summarizes it, and even rightly highlighted a typo in a
formula. Dr. Lucie Poulet, researcher in process engineering applied to space, worked with a high school class on
an outreach version of her publication (Poulet, Fontaine, & Dussap, 2016) as a guide for future space gardeners on
plant’s response to space environment. The students’ revision of the article led to additional photos and multiple
word explanations, which made the article more accessible to a younger audience.

Restricted and too often unreachable

As Vosoughi, Roy, and Aral (2018) pointed out, fake news, often more sensational than accurate information, tend
to spread much faster; in addition, scientists warning (e.g., on the global climate crisis) are regularly ignored
(Washington, Lowe, & Kopnina, 2019), and scientific experts in the media are too often invited based on their
overall fame, rather than on their actual expertise in the field of interest (Petersen, Vincent, & Westerling, 2019).
This is in particular a consequence of a general lack of involvement in public outreach from researchers.

Public outreach and popularization in the academic world are often, in fact, solely incidental and considered
unrewarding or unprofitable compared to scientific articles publication. Consequently, little training is dedicated to
public outreach in researchers’ career and they are given neither the tools nor the time to effectively fulfill this role
— yet an integral part of their job. In less than two years, however, the journal DECODER has gathered more than
thirty authors, from three continents, eager to share their articles with a class. This strong participation rate (relative
to the small communication on the project, at this stage) shows that there is an interest among researchers to get
involved in outreach projects and share their knowledge.

For years, researchers have focused their public outreach efforts towards the outcomes of their research work,
rather than towards the methodology they use. It is, however, hard for people to trust what they do not understand
and therefore sharing knowledge per se generally performs poorly (Kahan et al., 2012).

Additionally, scientific media and academic journals have become a high-value, high-cost commaodity, thus
limiting their availability to the general public, but also to researchers themselves (Lawson et al., 2019). This is
however another topic, not discussed in detail hereafter.
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A New Hope

The emphasis on the new generation

The authors advocate that a significant part of researchers’ outreach activities should focus on the youth. Indeed, if
the new generation is left without the right tools for critical thinking, fake news and conspiracy theories are likely
to hit it the hardest (Petersen et al., 2019; Ku et al., 2019). Besides, young people demonstrate engagement and
concerns about current global problems, such as the climate crisis. This was demonstrated by recent protests all over
the world — largely supported by the scientific community — against political inaction on climate (Hagedorn et
al., 2019). The developing minds of children are more prone to easily grasp and question the world’s complexity
than adults, who already have existing prejudices on a wide variety of topics. A recent study exhibited that children
can trigger changes in their parents’ way of thinking: even the most conservative parents became more sensitive to
the climate crisis and human responsibility within it, when their children learned about climate change causes and
consequences (Lawson, Sanders, & Smith, 2015).

However, there is a need to adapt the outreach methods to the new generation. More than ever, the developing
technologies have changed the way to teach, to learn. Scientific evidence indicates that frequent digital technology
use has a significant impact — both negative and positive — on brain function and behavior (Small et al., 2020).
Extensive screen time is a risk factor in the development of attention-deficit hyperactivity disorder symptoms
(Anderson & Jiang, 2018). Although uncertain, reasons behind this phenomenon might be attributed to repetitive
attentional shifts and multitasking. In addition to the reduction of attentional capacities, further studies showed that
despite being a booster in the information collection, the technology has limited some brain region activation to
store this information in the long term, leading also to impeded brain maturation and poor verbal intelligence (Firth
etal., 2019). Technology has also challenged their ability to process and/or trust the growing amount of information
accessed faster than ever. On the bright side, children have also increased their multitasking skills, as well as their
capacity to reason and think flexibly and to retain information over a brief period of time (Small et al., 2020). This
shift in children’s cognitive abilities implies a different approach to involve them in efficient outreach activities.

DECODER allows remote outreach activities and interactions with potentially any researcher over the world,
which can accommodate busy schedules of schools and researchers. However, participating researchers are
encouraged to visit classes in person if they can, or organize laboratory visits, to promote real student-researcher
interactions.

In order to engage the youth, a popular education approach is favored — an integrative method encouraging
children to experiment, test their own hypothesis, and critically assess the outcome (Kerka, 1997). Researchers could
indeed explain scientific concepts or proofs forever; if children cannot recreate them, popularization has failed.
Confronting people, and children in particular, to the scientific method while giving them tools to test different
hypotheses increases their confidence and attention, and it improves interactions between stakeholders — here the
researchers and the children (O’Brien et al., 2013). The regular practice of critical thinking and experimental
approach enables them to build stronger arguments and examine different standpoints. As Hinton recommended in
his speech at the AAAI-20 invited speaker program, citing his advisor, “Figure out how you would solve the problem
yourself, once you figured out how to solve it, then go read the literature” (Hinton, Le Cunn, & Bengio, 2020,
1h54min28s) As researchers, our duty is to get involved in these popular education projects to get people to feel
concerned about research (Knezz, 2019), and relate to its strengths and weaknesses.

A strong scientific argument is never easy to build, and science history abounds in changes of paradigm — the
Continental Drift theory by Wegener, the Theory of Evolution by Darwin and Wallace or the General Relativity by
Einstein, to only name a few. These are caused by unintentional mistakes and discoveries, disagreements and debates
between researchers, supporting the fact that humanity’s knowledge grows from questioning and requires
collaborative work with a large array of skills (Brown, Kaiser, & Allison, 2018; Craine, 2007; Lortie, Brooker,
Kikvidze, & Callaway, 2004).

Making science more accessible for all

First, following the recommendation of the European commission of July 17, 2012 (Landes, 2014), the authors

argue that publicly-funded research should be shared and made accessible free of charge to the general public. Our

approach with the journal DECODER s in line with this philosophy, enabling free access to state-of-the-art research,
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in a comprehensive language for a large audience. The tight collaboration between one (or more) author(s) of the
original research article and students avoids editorial bias and speeds up access to knowledge for everyone (Fig. 1).

Another way of making science and research results more accessible is to get back to the basics of a researcher’s
role, i.e. a vector of knowledge, by embracing popularization (Bobroff, 2017).

The emphasis should be put on the process of scientific knowledge production, on the “how”, rather than on the
“what”. It is crucial for a layperson to understand that scientific knowledge is the result of trials and errors (Brown
et al., 2018), changes of paradigm, collaborative work (Bonney et al., 2016), requiring confrontations of theories
and experimental data, rather than an opinion, shared millions of times on social media (Vosoughi et al., 2018). If
the emphasis is set on scientific results only, it can be counterproductive, since strong scientific arguments could
become just another opinion in people’s minds who would not think critically (O’Brien et al., 2013); it could also
question the researchers’ legitimacy in the matter (Sugimoto et al., 2013).

The “teacher-learner” approach — commonly used to share knowledge — does have some advantages in the
educational dimension, but it is unsuitable for popularization. It is also more and more questioned, since it only
allows little opportunity for creative or problem-solving activity (Laginder, Nordvall, & Crowther, 2013). There is
a crucial need to flatten the hierarchical relationship between people who possess knowledge and the ones who wish
to gain it. O’Brien et al. (2013) advocate for a revolution in education by increasing inter- and transdisciplinary
knowledge and to “move from science for society to science with society” (O’Brien et al., 2013, p. 54). The approach
of DECODER brings together scientists and society through the collaboration of researchers with classes, and
DECODER is a multi- and transdisciplinary journal. Hence, our initiative modestly aims to participate in this
education revolution. It is important to specify that researchers do not possess ultimate and unquestionable
knowledge. On the contrary, they are people who dig into complex problems and bring a new perspective to its
resolution, but they are nonexempt to subjectivity. Therefore, good popularization including a horizontal
relationship with the audience implies for researchers to face and accept constructive criticisms.

Finally, popularizing research is not about “making it simpler”’; complexity should be part of the message (Morin,
2007). A recurring trend is an oversimplification of concepts (also known as “dumbing down”) and retaining only
a part of knowledge, which often leads to misconceptions and a false sense of mastering a topic (also known as the
“easiness effect”) (Scharrer, Rupieper, Stadtler, & Bromme, 2017; Anspach, Jennings, & Arceneaux, 2019).

Our experience with the journal DECODER demonstrated that making students work on complex concepts is a
way of stimulating their curiosity and forces them to question their readings — this can only be achieved through
discussions and direct exchange with the researcher.

Conclusion

An easy and straightforward knowledge access is essential for a society’s well-being and still too many obstacles
remain, one of them being the lack of training of researchers in public outreach. Popularization with an emphasis
on methods and reasoning, rather than only on results, is the gateway to engaging a wider audience, especially the
younger generation. Therefore, researchers “going back to school” could promote critical and resilient thinking for
students (Poulet, et al., 2017).

The authors agree with the editorial of Gardner and Wordley (2019, p. 1271) who “encourage [their] fellow
scientists to join [them] in embracing activism”. Our action towards young people aims to meet the global
momentum of researchers increasingly and actively sharing scientific methods to raise awareness. Let researchers
become knowledge-lobbyists, arming future citizens with the tools they need to face the world’s complexity and
upcoming global crises.

Notes

1- cCamille NoGs embodies the collegial nature of our work, as a reminder that science proceeds from disputatio
and that the building and dissemination of knowledge are intrinsically selfless, collaborative and open.
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