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Abstract

A collective outreach approach is fundamental for a scientific project. The Green Edge Project
studied the impact of climate change on the dynamics of phytoplankton and their role in the
Arctic Ocean, including the impact on human populations. We involved scientists and target
audiences to ensure that the communications strategy was in agreement with scientists and
audience requirements. We developed websites (academic site and blogs and an educational
platform). Then, we produced a 52-minute documentary, ‘Arctic Bloom’, and infographics were
created to explain experiments on the ice. We also organised a photo exhibition and live videos
that enabled primary school-age students to ask questions directly of scientists working on the
research icebreaker. Finally, both students and professionals drew their own conception of
Arctic science, and our social media sites reached diverse groups of people. The evaluation
results showed a large number of education structures (approximately 8000 schools and 104
museums or educational organisations) engaged with our communications outputs and
encouraging statistics about website visits (117 021 and 3739 visits on the blog and the
YouTube channel, respectively). Selecting different, but intersecting techniques, to promote
a better understanding of the science contributed to the success of the communication and
outreach outputs of the 3-year project.

Introduction

A collaborative approach to large-scale public outreach and education is essential for an
international and multidisciplinary scientific project. The Green Edge research project studies
the impact of climate change on the dynamics of spring phytoplankton blooms and their role in
the Arctic Ocean. Climate change has triggered significant modifications in marine ecosystems
in the Arctic Ocean. The decrease in the extent of pack ice during the summer has led to a 20%
increase in pan-Arctic primary production over the past decade (Arrigo & van Dijken, 2011).
Primary production is generally associated with the transfer of energy to higher trophic levels in
the marine environment, and this process has important cultural, health and economic
implications for human populations in the Arctic (Wenzel, 2011).

In this study, spring phytoplankton blooms were monitored in Baffin Bay (North Atlantic
Ocean) between 2015 and 2017. Data were collected aboard the research vessel Amundsen
(CCGS – Canadian Coast Guard Ship) during the spring and summer of 2016 from an ice camp
near the community of Qikiqtarjuaq (Canada) and from three Inuit communities: Qikiqtarjuaq,
Pangnirtung and Clyde River.

As the impact of climate change becomes more prevalent in daily life, it is now broadly rec-
ognised that scientists need to prioritise outreach education (Baron, 2010). Programmes such as
the United Nations Decade of Education for Sustainable Development have made worldwide
requests to develop educational activities focused on climate change (Bybee, McCrae, &
Laurie, 2009). Initiatives such as card/board games, for example, Arctic Saga (de Luna &
Vicari, 2014); educational programmes, for example, Schools on Board (Barber, 2009) or docu-
mentaries, for example, Frozen planet – BBC Documentaries (Attenborough, 2016) are now
starting to emerge. There is still a demand, however, for additional ways to engage diverse audi-
ences in global change, especially in the Arctic (Wu & Lee, 2015). Scientists are more engaged in
science communication beyond peer-reviewed publications (Liang et al., 2014) for various rea-
sons, ranging from an interest in public engagement to grant requirements (Poliakoff & Webb,
2007). Their presence as active participants provides a guarantee of authenticity in the commu-
nication process (Cooke et al., 2017). Moreover, co-construction of the project with targeted
groups such as students is an excellent and recognised approach (Fischhoff, 2013; Rowe &
Frewer, 2005). Furthermore, to effectively share experiences and results with the public,
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scientists, educators and communicators, as well as targeted
groups, must approach science projects as a team (Triese &
Weigold, 2002) and make outreach objectives a part of the overall
research strategy (Provencher et al., 2011; Weigold, 2001).

Science communicators must also select and use appropriate
and varied channels to make information more likely to be noticed
and taken up by the intended diversified audience (Longnecker,
2016). Our objective here is to present an original multi-targeted,
multidisciplinary and international outreach project, with an
emphasis on fieldwork and connections with local Inuit commun-
ities. We present the collaborative ‘Green Edge Outreach Project’,
which developed different communication approaches and tools
(websites, an educational multimedia platform, 52-minute docu-
mentary, infographics, photo exhibition, school activities, events,
live videos and social media). Finally, we present the ongoing
dissemination of our innovative and diversified materials.

Material and methods

To disseminate knowledge and information about the expeditions
and project results, we implemented a collaborative and bilingual
platform to showcase the major scientific initiatives. The strategy
was to establish a communication plan with realistic goals. To do
this, we first performed a situation analysis: scientific leaders brain-
stormed with communication staff and conducted focus groups and
surveys to evaluate which relevant information we needed to gather
about the Green Edge Project. Then, we defined our overall commu-
nication objectives and target audiences: What were the results we
wanted to achieve, and towhomdidwewant to deliver ourmessage?
Implementing this communication plan, over a 3-year period, our
goal was to develop a collaborative outreach and educational
approach that would target different audiences as outlined in the
next sentence but that would appeal to, and be accessible to, any
interested member of the public. Our specific objectives were to

(i) involve scientists as active participants in the communication
process, (ii) engage the target audience (peers, general public/
secondary schools, funding organisations, decisionmakers) asmuch
as possible to ensure that the communication strategy was appro-
priate and (iii) select paths and outreach support to promote better
understanding. In addition, we decided which media channels
would be the most effective for delivering our message to our target
audiences (websites, TV/cinema, activities in schools or for the gen-
eral public, social media). Finally, we quantified our results to verify
whether or not we had achieved our objectives (by using Google
analytics, popularity on social media, evaluation forms in schools,
publication on other official related websites, event visits).

The consortium was composed of a multidisciplinary team: vid-
eographers (Parafilms, http://parafilms.com/fr/), multimedia devel-
opers (KNGFU, http://kngfu.com/), designers (Criterium, http://
criteriumdesign.com/), photographers (Éclats de lumière, http://
www.eclatsdelumiere.com/) and scientists (Takuvik http://www.
takuvik.ulaval.ca/ and Green Edge scientists), as well as educators
from different primary and secondary schools. Other students
and professionals from the research team took photos and videos,
wrote texts and contributed to the outreach project. We used tools
from the Adobe Creative Suite to create our outreach support mate-
rials (Photoshop, Illustrator, InDesign, Dreamweaver, Premiere
Pro, After Effects).

Results and discussion

Websites

We developed several different websites (Fig. 1). The Green Edge
Project website presents the scientific and academic aspects of the
project, while the blogs offer insight into day-to-day life during
both the 2015 and 2016 expeditions (more than 100 000 visits).

The academic website http://www.greenedgeproject.info/ con-
tains nine sections related to science and presents the consortium

Fig. 1. Academic website (left) – http://www.greenedgeproject.info/, and expedition blog (right) – http://greenedge-expeditions.com/, developed as part of the Green Edge
Outreach Project.
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members, scientific issues developed within the framework of the
project, descriptions of the different expeditions, proposals to share
open data, funding and employment opportunities and a summary
of outreach activities and recent news.

In writing the blogs on http://greenedge-expeditions.com/, we
actively involved the scientists, professionals and students who
were doing the fieldwork (ice camp or icebreaker), as research
by Liang et al. (2014) and Cooke et al. (2017) suggests that a sci-
entist’s engagement improves the credibility of the communication
method. Individuals posted comments and shared their scientific
and everyday life on the interactive platforms. Visitors to the
website could discover highly technical scientific posts (for exam-
ple, glider deployment in the Arctic Ocean or satellite-based
science), as well as accounts describing the scientists’ hobbies
(for example, dancing on ice or baking the cake of the day). In
addition to the researchers’ contributions, the blogs included inter-
active widgets such as the weather forecast for Qikiqtarjuaq
(Nunavut), newsletters about specific science projects (for exam-
ple, ARGO profiling floats), details on the ice-camp and oceano-
graphic expeditions, the video trailer for the 52-minute
documentary (see the ‘A 52-minute documentary’ section), a
map to follow the icebreaker’s route in real time, a Twitter feed
and links to the academic website and social media platforms.
The blog was very successful, as the number of views reached
117 021.

Educational multimedia platform

We created an educational multimedia platform, called ‘AOA
Arctic Ocean Arctique’, for 11–16-year-old students. The platform
contains 13 capsules (web documentaries) of 3–5 minutes in
length, each of which is associated with educational modules
(photos, infographics, interactive activities, pedagogical files), as
illustrated in Fig. 2. Interactive activities in the story allow the stu-
dent to make choices within a scenario that portrays an Inuit girl,
Illiivat, a stowaway on the icebreaker. As the voyage progresses, the
14-year-old girl meets scientists and sailors, and makes discoveries
and tests her newfound knowledge. Pedagogical files enable the
teacher to evaluate the information disseminated to the students

through different media. The web capsules and pedagogical
activities cover the topics listed in Table 1. This AOA website
was broadly disseminated, and we identified email addresses
and created a mailing list to contact educative structures. Then,
we contacted 2585 and 5373 schools and 24 and 80 museums or
educational organisations in Canada and France, respectively.

A 52-minute documentary

Weproduced a 52-minute documentary (Arctic Bloom in the English
version and À l’Orée de la banquise in the French version), which
communicates the goals, methodology and the impact of the
Green Edge Project. The film was presented on Planeteþ channel

Table 1. Topics of web-capsules and pedagogical activities developed in the AOA education website (www.aoa.education), in which ‘In the wake of an Icebreaker in
the Arctic’ project was included

Topic name – AOA Topic name – In the Wake of an Icebreaker in Arctic

1. General information about the Arctic Ocean
2. Impacts of climate change on the Arctic Ocean
3. Ocean circulation
4. Arctic marine ecosystems
5. Spring phytoplankton bloom
6. Biological pump
7. How to go back in time to study Arctic ecosystems
8. Exploring the Arctic Ocean with new in-situ technologies
9. Observing the oceans using satellites
10. DMS (dimethyl sulphide)
11. Mathematical ocean models
12. NAOS-Bio-Argo floats
13. Hunting, fishing and diet of Inuit living near the ice edge

1. Science – Gliders
2. Science – Work organisation
3. Science – Sea-ice melting
4. Science – Sea-ice thickness
5. Science – Projects on board
6. Science – Rosette
7. Science – Phytoplankton
8. Science – Nets
9. Science – Meteorology
10. Science – Imaging
11. Science – Floats
12. Science – Sample conservation
13. Life on board – Sailors
14. Life on board – Safety
15. Life on board – Medical care
16. Life on board – Kitchen
17. Life on board – Hull of the icebreaker
18. Life on board – Helicopter
19. Life on board – Free time
20. Life on board – Communication

Fig. 2. AOA website – http://www.aoa.education/ with two main educational mod-
ules (Illiivat interactive scenario, pedagogical files).
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Fig.3. Illustrations from the posters for the documentary film (French version – left and English version – right).

Fig. 4. Infographics developed to illustrate the ice-camp (top) and icebreaker (down) expeditions as part of the Green Edge Outreach Project.
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(France) in May 2018 and was shown on the movie was finally
delayed to late 2019. CBC in Canada as a 26-minute movie in late
2018. The trailer can be viewed via the following link (https://
vimeo.com/163206186). The bilingual posters are shown in Fig. 3.

One of the objectives of the documentary is to convey the
importance of research to the general public and to reveal what
motivates scientists to go beyond the frontiers of knowledge. A sec-
ond aim is to encourage young people to pursue a career in science.
This documentary describes the dedication required to carry out a
voyage in the Arctic and the complexity of the logistics involved in
this type of fieldwork. The film is an opportunity to tell a scientific
story that takes place in an isolated, hostile environment. The story
demonstrates that research leads to a better understanding of the
Arctic Ocean, its ecosystems and its future. The project also
presents the point of view of the aboriginal inhabitants of the
region, the Inuit. How do they view changes in their natural envi-
ronment? What are the consequences for their hunting and fishing
practices? How do they perceive research conducted in the Arctic
Ocean ecosystems? The ongoing open dialogue between northern
populations and researchers is both fruitful and mutually
beneficial.

Infographics

On the one hand, infographics created as part of the outreach pro-
gramme are being used by scientists in both peer-reviewed papers
and presentations to explain how individual experiments fit
within the context of the icebreaker and ice-camp expeditions
(Fig. 4). We adapt each infographic to the research projects of
individual scientists. Moreover, our infographics impart scientific
concepts more efficiently than words for any audience. In
addition, visuals that are created for a non-specialist audience
interested in polar science can help make scientific findings more
widely accessible. By removing barriers (for example, technical
terminology related to oceanography) and providing a context
(in this case, the ice-camp and the oceanographic expedition),

the information is presented in an immediately intuitive and
engaging manner.

Photo exhibition

Our photo exhibition called Let the Arctic Green Flow! showcased
the Green Edge Project fieldwork and the 80 scientists working to
understand how climate change has triggered fundamental
modifications in the Arctic. In particular, photos illustrated how
plankton was monitored at the ice edge, in Baffin Bay (2015,
2016), aboard the research icebreaker Amundsen and from the
ice camps near Qikiqtarjuaq, NU. The exhibition was composed
of 10 pictures of fieldwork and laboratory operations and 10 pic-
tures of microscopic plankton. The 24″ × 24″ photographs were
printed on dibond (polythene-aluminium laminate). The exhibi-
tion was launched at the International Arctic Change 2017
Conference (http://www.arcticnetmeetings.ca/ac2017/) at the
Québec City Convention Centre, Québec, Canada from 11
December to 15 December 2017 (Fig. 5), and will be displayed
at various schools and museums in the city.

Live videos

‘In the Wake of an Icebreaker in the Arctic’, an interactive educa-
tional project launched in the Île de France region, enabled pri-
mary school-age students to ask questions directly of scientists
and the crew working on the icebreaker. Green Edge scientists
were aboard the CCGS Amundsen for 6 weeks between 3 June
and 14 July 2016. As recommended by Rowe and Frewer
(2005), Fischhoff (2013) and Gewin (2015), the communication
team set up an original and innovative teaching device targeted
at primary school students (8–10 years), which enabled them
to discover the Arctic (environment and population), the scien-
tific and non-scientific crews of the Amundsen and the challenges
of undertaking research in the area. The educational project was
carried out in several stages: (i) The educative facilitator, who took
part in the oceanographic expedition, met with five classes from

Fig. 5. Let the Arctic Green Flow! photo exhibition at the International Arctic Change 2017 Conference.
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partner schools in the Île-de-France region to present the scien-
tific findings. The students worked in groups to identify a battery
of questions regarding an interrelated set of themes (science,
environment, life on board, icebreaker, and so on). The choice
of topics was in line with the state education programme. The stu-
dents communicated their expectations with respect to the
responses to their queries and were recorded asking the selected
questions. They also contributed to the video and sound record-
ings. (ii) Short films of one to two minutes in length were
produced aboard the research icebreaker Amundsen in direct
response to each identified question asked by the students.
Twenty different people were interviewed on board to answer
the students’ questions: scientists, the doctor, coast guard crew
members and even the captain. During the voyage, teleconfer-
ences were organised with the five partner classes, enabling them
to interact directly with the team members, live from the Arctic.
The videos of the question-and-answer sessions are accessible via
the AOA website and YouTube, and the topics are listed in
Table 1. (iii) During the 2016 Festival of Science week in
France, a researcher who participated in the expedition as a
marine biologist came to Paris to present the expedition out-
comes. While the 5 classes who participated in the project were
present at the conference, 48 other schools followed the
conference online and asked their questions via Twitter using
the hashtag #ConfGreenEdge. This was an amazing opportunity
for young students to interact directly with one of the scientists.
Thanks to the 20 short videos, more students will be able to
discover the scientific expedition in an entertaining way in a
classroom setting.

Social media and YouTube channel

In the internet age, social media tools offer a powerful way for sci-
entists to act as a public voice for science (Bik & Goldstein, 2013).
Our social media sites (Facebook, Instagram, YouTube, Twitter)
aim to reach diverse groups of people. Facebook and Twitter were
the most widely used social media platforms and targeted different
audiences. These forms of social media are useful for making real-
time conversations, customising news streams and building and
maintaining communities. Instagram is a showcase for visual
information or a chance to view the Arctic expeditions through
the scientists’ eyes. YouTube provides an opportunity to compile
videos on an unique digital platform and is a flexible andmultipur-
pose showcase for Green Edge expeditions.

An overview of the impact shows that (i) the Facebook page
gathered 464 faithful subscribers, with the last post reaching
1848 people and attracting 273 likes; (ii) the YouTube page was
viewed 3739 times; and (iii) Instagram and Twitter are together
furnished with 212 posts, published by the host.

Drawing

The use of illustrations in science education is gaining popularity.
Ainsworth, Prain and Tytler (2011) explained that the act of draw-
ing requires students and scientists to observe, integrate knowl-
edge, compare and reason, thus enhancing one’s ability to think
about and discuss scientific concepts. Throughout the Green
Edge Outreach Project and especially during the Arctic expeditions
in the Arctic, students and professionals exhibited their drawing
skills. Examples of watercolours and sketches are shown in
Fig. 6. Art provides people with an outlet to express their knowl-
edge in a different format and to articulate scientific information
and empowers them to communicate with each other despite their
initial differences in learning styles.

School activities and events

We organised different activities in schools (primary and secon-
dary levels) as well as various events for the general public in muse-
ums and public organisations, in both France and Canada, to
present aspects of our outreach and educational programmes.
They are listed in Table 2.

Conclusion

Selecting different, yet interconnected, methods and tools to pro-
mote an improved understanding of the science involved in the
Green Edge Project contributed to the success of the education
and outreach outputs of the 3-year international multidisciplinary
project. Involving scientists as active participants in the communi-
cation process (for example, expedition, blog or infographics)
enabled the consortium team to better reach other scientists:
researchers could accurately explain scientific phenomena and,
in collaboration with the outreach team, highlight the results in
a format that was accessible to the general public and funding
organisations. Engaging target audiences, such as primary and sec-
ondary students, in the co-construction of the project (for example,
live videos from the icebreaker, AOA website or drawings) guar-
anteed that the outreach plan met their needs, which was

Fig. 6. Watercolour and drawing of the icebreaker CCGS Amundsen used during the Green Edge expedition in 2016 from Sael Giraud (6 years old) on the left, showing the ice-
breaker Amundsen and Noé Sardet (40 years old) on the right, showing ice and marine ecosystems.

232 J Sansoulet et al.

https://doi.org/10.1017/S0032247419000123 Published online by Cambridge University Press

https://doi.org/10.1017/S0032247419000123


Table 2. School activities and public events organised during the period of the Green Edge Outreach Project

School activities

School name, place Period Subject

École Antonia Guittard Lacanau, France November 2015 Marine food web

Chandler, Québec, Canada April 2016 Marine food web

EPAQ, Grande Rivière, Canada April 2016 Marine food web

École Place de l’Éveil, Beaupré, Québec, Canada April 2016 Plankton in the heart of the Arctic foodweb

École primaire de Ste-Anne-de-Beaupré, Canada April 2016 Plankton in the heart of the Arctic foodweb

Rochebelle, Québec, Canada May 2016 Arctic ecosystems

Fernand Seguin, Québec, Canada May 2016 Arctic ecosystems

Reuilly, Paris, France May and October 2016 Icebreaker expedition

Val in Meudon, France May and October 2016 Icebreaker expedition

Jules Ferry, Levallois-Perret, France May and October 2016 Icebreaker expedition

Diderot, Paris, France May and October 2016 Icebreaker expedition

Jules Ferry, Bois Colombes, France May and October 2016 Icebreaker expedition

Inuksuit School, Qikiqtarjuaq, Nunavut, Canada Spring 2015 and 2016 More than 30 thematic activities about the Arctic

École Saint-Yves, Québec, Canada March 2017 What is an oceanographer?

Neufchatel school, Québec, Canada May 2017 Plankton and science fiction

Camp de l’Ile, Montreal, Canada July 2017 Arctic oceanography

École secondaire Monseigneur Labrie, Havre-St Pierre, Canada October 2017 The importance of the spring phytoplankton bloom

École Place de l’Éveil, Beaupré, Québec, Canada January 2018 Plankton in the heart of the Arctic foodweb

École Cardinal Roy, Québec, Canada May 2018 AOA educative website, discover the Green Edge Project

École de la Chaumière, Québec, Canada May 2018 Marine food web

École secondaire de Neufchâtel, Québec, Canada May 2018 Marine food web

Public events

Name and place of the event Period Theme

Musée de la Civilisation, Visit of the Brossier family, owner of the
polar yacht Vagabond, Québec, Canada

January 2014 Projection of the film Sur le grand océan blanc by Hugues
de Rosières and Véronique Ovaldé and discussion with
the Brossier Family

Visit of the French President François Hollande November 2014 The Arctic science in the framework of a Canadian-French
collaboration

24h de la Science 2015, visit of the lab, University Laval, Canada May 2015 The light and Arctic science

Musée de la Civilisation, FACTS 2015, Consulat de France
L’Arctique, sentinelle du réchauffement climatique

October 2015 Photo exhibition by Vincent Hilaire, D’un pôle à l’autre.
Projection of a documentary about the polar yacht

Vagabond Sous les étoiles du pôle by Hugues de
Rosières

Projection of the documentary Inuit Knowledge and
Climate Change by Zacharias Kunuk and Ian Mauro

Public conferences by Takuvik researchers

24h de la Science 2016, visit of the lab, University Laval, Canada May 2016 Ecology and Arctic science

Science Odyssey, Qikiqtarjuaq, Nunavut, Canada May 2016 Arctic ocean Arctique, scientific adventures

Fête de la Science, Conference Réseau Canopée Paris, France October 2016 ‘In the Wake of an Icebreaker in the Arctic’

Musée de la civilisation, Visit of François Bernard, owner of the
polar yacht ATKA, Québec, Canada

May 2017 Projection of the film Capitaine de l’Utopie by Sarah Del
Ben and discussion with the captain, François Bernard

24h de la Science 2017, visit of the lab, University Laval, Canada May 2017 Science fiction and Arctic science

Scientific bar, La Korrigane, Québec city, Canada May 2017 Which Arctic for 2100?

Planktomania, Aquarium of Québec, Canada May 2017 Virtual and augmented reality, undersea world of
plankton

Teacher’s day 51st CMOS Congress, Toronto, Canada June 2017 Arctic Ocean: a cold dive in the green

French consulate outreach activity, Québec, Canada February 2018 North as if you were there

Polar Record 233

https://doi.org/10.1017/S0032247419000123 Published online by Cambridge University Press

https://doi.org/10.1017/S0032247419000123


confirmed by the participation of several dozen schools in the com-
munication and educational project. We aimed our outreach ideas
(for example, 52-minute documentary, project website, photo
exhibition) at the general public and anyone involved in the proc-
ess of designing, directing or implementing research, including
decision makers and other end users. Our social media sites were
developed to reach a diverse groups of people and were effective
platforms for breaking down boundaries between scientists and
the general public. Finally, ongoing strategic dissemination and
evaluation of our pioneering materials is a precursor to success;
we are organising activities in schools and museums, as well as
public and private organisations. We also participate in conferen-
ces at local, regional, national and international levels. Our meth-
odology shows that a collaborative and diversified approach to
large-scale public outreach is vital for promoting innovation and
education in scientific fields.
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