
Replies to comments on gc-2021-13 "Editorial: Geoscience communication – Planning to make it publishable" 
 
Comments were kindly provided by two reviewers (RC1, RC2) and one member of the geoscience community 
(CC1). We will use these to improve the editorial.   
 
Please find below our response to the comments.  Comments are in grey, and responses in black. Although a 
fully revised manuscript is not yet prepared, we use 'text changed' (or similar) to indicate some modifications 
where it was easiest to simply action the comment and provide a document with changes tracked - included at 
the end of this pdf; in this, comments are used to cross-reference most changes to the number (e.g. RC1.1) 
assigned to them here. 
 
RC1 - Martin Archer 
 
RC1.1 - This editorial provides an incredibly useful guide to the process of undertaking geoscience 
communication research that might be suitable for publication within the journal GC, and thus the manuscript 
would make a worthy contribution to the journal itself. The editorial is well structured and outlines key steps, 
backed up by many published examples, to convince readers that publication of communication 
activities/research is worthwhile and how one can go about this. I have only minor comments on the 
manuscript. 
> Thank you for your positive and useful review. 
 
General comments 
 
RC1.2 - For activity-driven research, the authors have a tendency to focus only on impact evaluation. Indeed 
on lines 153-154 the authors state that "the GC editorial team would like to see investigations of the dialogue 
and the communication process itself", which would constitute a form of process evaluation. This statement 
comes across as though there are currently no such studies in GC, when this is not the case. Recent examples 
include: Archer et al. (2021b), Balmer (2021), Skinner (2020). In addition, in my opinion it would also be helpful 
for the authors to raise the possibility of audience evaluation, i.e. assessing who the audiences of 
communication activities actually were compared to targets, such as socially disadvantaged demographics (e.g. 
Archer, 2021) or those that don't typically engage with science (e.g. Archer, 2020). Both of these types of 
research are often performed in social science and educational research, so would be worth explicitly 
mentioning somewhere in the article so that a wider range of potential activity-led articles can be understood 
by readers and potential authors. 
> Phraseology modified to avoid the implication that there are currently no such studies in GC, with additional 
citations also used. The possibility of audience evaluation is now raised. 
 
RC1.3 - I think it would also be helpful for the authors to elaborate on how self-reflection may be used in 
constructing GC research articles, which is only briefly mentioned on line 434. Many times throughout the 
manuscript it is stated that qualitative and/or quantitative evidence is required, so reconciling how self-
reflection may be included with this statement is required. Self-reflection, grounded in contemporary theory, 
is a form of Action Research. Mentioning how this may be leveraged in GC would be immensely helpful to 
potential authors that wish to go down this route. 
> We have added the following text to the end of Section 8. It is still brief, but in keeping with the concise 
nature of this editorial and gives the reader a place to start further reading. 
 

For example, you might consider adopting a formal method of reflection (see e.g. Gibbs, 1988; Kolb, 2015) 
and use this to contextualise your own experiences with that of any feedback that was collated from other 
researchers and/or participants. Similarly, you might adopt an autoethnographic approach, such as that 
demonstrated by Reano (2020), in which they engaged in critical reflections of their own practice and lived 
experiences to reveal how Indigenous research frameworks may enhance the geosciences in higher 
education. 

 
Specific comments 
 



RC1.4 - Line 16: "Behave" may be the wrong word, since this implies subsequent actions by 
participants/audiences. "Respond to these efforts" may be better, since this verb evokes a greater variety of 
outcomes such as attitudes and thoughts, and also makes clearer the subject of the sentence. 
> Text modified. 
 
RC1.5 - Line 26: "may involve" would be more accurate, since there is the possibility of impact that does not 
include such communication activities or even the active participation of the academic, as evidenced in many 
REF Impact cases. 
> Please clarify.  We cannot see where 'may involve' might fit L26.  Do you mean to modify L25 to "illustrating 
what robust and publishable work for this journal may involve"? 
 
RC1.6 - Lines 29-32: It would be useful to mention social science and educational research, established fields 
that have a great amount of overlap with science communication and public/societal engagement, somewhere 
here. 
> We will consider how to best do this. [KEW to consider]. 
 
RC1.7 - Line 39: "robust evaluation"? 
> Text modified. 
 
RC1.8 - Lines 56 & 278: Perhaps not the right phrase, since "tangential communication" usually refers to going 
off topic. Maybe "subtly" or "stealthily" communicate would be better? 
> "Tangential" is the word selected by the authors of that study (Hut et al, 2019) that this comment is later 
related to in more detail (i.e. Example 2); "Video games have a great potential for tangential learning, i.e. 
learning things about the real world as a tangential benefit while primarily enjoying the experience 
(Portnow, 2012; Mozelius et al., 2017)." So we have retained 'tangential'. 
 
RC1.9 - Line 60: "Our target audience for this editorial" in order to clarify that you are not simply referring to 
the journal's target audience. 
> Text modified. 
 
RC1.10 - Line 63: "as well as" instead of the last "and"? 
> Text modified. 
 
RC1.11 - Lines 74-75: "other geoscientific work" Please clarify, does this refer to (non- communication) 
geoscientific research? 
> Yes, this refers to the geoscientific analyses, which can subsequently communicated if desired. Text 
modified. 
 
RC1.12 - Lines 130-135: Personally, I would say this a little harsh on activity-driven research and ignores that 
qualitatively-drawn conclusions can offer broad insights into why specific aspects may or may not have been 
well received, which can therefore be applied elsewhere. I would suggest the authors temper this argument 
slightly. 
> L123-135 is autobiographical for the lead author (Hillier), so whilst it might be a bit harsh, it is at least 
anecdotally true. Had I not been part of the study on the visualization hypothesis, I'd have revised the course 
based on my training as a lecturer, and then tweaked it further based on ad hoc self-reflection and end of 
module student feedback (i.e. 'Did it work?'). I certainly wouldn't have contributed anything back to the 
pedagogy of quantitative methods as I wouldn't have reported back to anyone, and I would likely have made 
some errors identified already in the literature, so the work would have been less useful than it could have 
been - still useful for the students, but less useful. 
> My hope is that this section communicates a clearly as possible two approaches in a familiar situation to 
many geoscientists in order to encourage them to consider engagement with communication/educational 
literature more.   
> Please let me know if you feel strongly that it's still too harsh. The text now clarifies that the approach I 
critique is an end-member. 
 



RC1.13 - Line 200: "implementation or impact" to include a broader range of potential research questions? 
> Text modified. 
 
RC1.14 - Line 200: The authors should highlight that any success metrics should be, where possible, 
benchmarked against other available data in published or grey literature and not simply arbitrary. 
> Text modified. 
 
RC1.15 - Line 229: "emitted from the sun" is not technically correct since these waves can naturally arise in the 
solar wind itself as it travels towards Earth or as the wind interacts with Earth's magnetosphere. "due to the 
'solar wind'" would be fine. 
> Apologies. Text modified. 
 
RC1.16 - Line 233: This sentence is a slight mischaracterisation of the authors. While the statement is true of 
the first author, the co-authors have different scientific backgrounds (e.g. medical science) but are principally 
public engagement professionals/practitioners. 
> Apologies for inadvertently mischaracterising your co-authors. Text modified. 
 
RC1.17 - Line 234: What the authors mean by "stakes" is not defined until much later, so perhaps should not 
be referred to at this point in the manuscript. 
> Modified to avoid the term 'stakes' here, and added a reference Fig. 3 
 
RC1.18 - Line 270: "or audience" I would suggest this is removed, since there were clear audiences in mind 
during the planning (geoscientists vs. non-geoscientists). 
> We agree with the reviewer that there were clear audiences in mind, but for this editorial we wish to remain 
very explicit, and retain the words.   
 
RC1.19 - Line 342: "Science communication researchers"? Not all professional practitioners are trained in 
evaluation/research methods and/or underlying theory. 
> Good point. Text modified. 
 
RC1.20 - Lines 349-349: "interdisciplinarity of the project and stakeholders"? In some of the examples 
presented, the authors already had interdisciplinary expertise that they could leverage in order to enable 
publication. 
> Good point. Text modified to clarify. 
 
RC1.21 - Lines 375-378: Perhaps the authors could comment that the act of collaborating with different 
disciplines might make authors to GC more skilled in new areas and thus able to continue publishing their 
communication activities/studies with less assistance in the future? 
> Happy to add this comment. Added.  
 
RC1.22 - Line 389: "might not" instead of "cannot" as this will also depend on the effect size. 
> Indeed. Changed. 
 
RC1.23 - Lines 418-420: These appear to be primary sources of data, so should they not go on Line 400 along 
with the mention of graffiti walls (which included drawings as well as words)? 
> These are primary sources of data, and would be better mentioned before this last paragraph. They have 
been moved to the paragraph above - L400 was specifically focussed on pre- post- methods to evaluate an 
activity. 
 
RC1.24 - Line 418: Raising demographics here highlights the need to discuss demographic data, either as a 
primary or secondary data source (e.g. Archer, 2020, 2021). 
> Demographic data are certainly useful, but we prefer to avoid diving too deep into any particular type of 
data, and are not claiming to be listing types exhaustively, rather to be illustrating.  So, we have not added a 
specific discussion on demographic data. 
 



RC1.25 - Line 424: "the size and significance of any potential changes" in order to highlight that there may be 
no real changes from before to after as a result of robust statistical analysis? 
> Text modified. 
 
RC1.26 - Line 426: Perhaps add comments and likes alongside views for YouTube videos? 
> Text modified. 
 
RC1.27 - Line 432: Quantitative linguistics concerns empirical properties and laws of languages, whereas what 
the authors refer to here is quantifying qualitative data. 
> Text modified. 
 
RC1.28 - Figure 1: Panel a is somewhat misleading, since the collection of evaluative data requires prior-
planning and thus the research element cannot be wholly unconnected from the activity. I would suggest the 
authors modify to include some slight overlap to the activity and research. 
> For simplicity, we wish to illustrate end-member approaches to geoscience communication. So, whilst in 
practice we agree with the reviewer that research cannot be entirely decoupled from the activity, we have not 
included an overlap.  However, we have clarified that these are end-member viewpoints in the figure caption 
and main text. 
 
RC1.29 - Figure 2: The numbering does not start at the top left, which may be confusing for readers. I can see 
that this has been chosen to align with the arrows, however, if I understand correctly, the process is not a 
cycle thus such cyclical arrows are not warranted. I would suggest the authors use a simpler depiction either 
using typical flow chart style or even just a vertically numbered list. 
> Thank you for this comment. We have amended the figure, striving for a simpler depiction. Words have been 
reduced, and greyscale adopted (as experimentation with colour schemes showed this was clearer as well as 
being more accessible e.g. to colour blind readers), and attempting to better display the nuance in the 
relationship between the boxes (e.g. simpler arrows, bold outline to more strongly connect step (v) and the 
research box). 
> How best to depict the processes associated with the planning of a communication activity and the research 
inter-twined with it was a subject of intense and protracted debate amongst the GC editors co-authoring this 
paper. The elements colleagues wished to emphasise differed according to their background, and the 
conceptual simplification presented is synthesis and compromise. A few points relevant to the figure's design 
are outlined below. 

• A numbered list with 'Activity planning' as a pre-cursor step to the 'Research' steps was unacceptable 
to about half of co-authors.   

• A numbered list with 'Research' as a single step within the 'Activity planning' cycle was unacceptable 
to about half of co-authors.   

• Having two lists was strongly rejected by some as it did not highlight the inter-connected nature of 
'Research' and 'Activity'. 

• Necessary elements to communicate were felt to be     
o A clear recognition (without judgement of this) that authors likely come from a background in 

with 'Research' or 'Activity' are considered primary, or at least are the default conceptual 
frame of the author.  

o Inter-connectedness between 'Activity Planning' and 'Research', with (i) overlap (ii) two-way 
exchange. 

o Cyclicity, particularly in 'Activity Planning' (i.e. reflecting and reviewing leads to new or inspires 
new activities - explicitly highlighted in point vii). Research also often inspires future research. 
Ideally, the research process would loop around and feed back into the activity planning, so 
we feel a cyclic arrow is also justified here. 

o Parity between 'Activity' and 'Research' (i.e. neither should necessarily be seen as a sub-
activity of the other, and an approach by authors with an emphasis on either should be seen 
as valid). 

 
Technical corrections 



 
Line 56: "video games" (a space is missing) 
> Changed. Although online and magazine usage has changed, dictionaries keep two words. 
 
Line 277: "is a risk" 
> Changed. 
 
Line 355: "a simple survey" missing indefinite article  
> Changed. 
 
Line 359: "a direct feed" missing indefinite article  
> Changed. 
 
Line 419: "school children" space missing 
> In various dictionaries, 'schoolchildren' as a single word seems to be preferred. 
 
Line 437: "make" remove the s 
> Changed. 
 
Line 510 "recommended" add ed 
> Changed. 
 
  



RC2 - Louise Arnal  
 
This GC editorial builds on the first GC editorial by Illingworth et al. (2018), and provides a detailed route to 
publication aimed at geoscientists involved in geoscience communication activities. I found this editorial very 
insightful and a good balance between theory and illustrative examples of impactful GC publications. I wish I 
had read this editorial at the start of my SciComm/SciArt career during my PhD!  
> Thank you. 
 
Please find a few minor points below which will hopefully help improve this editorial for publication.  
 
RC2.1 - P3 L74-77: The phrasing of these sentences makes the two first items: "complying with funders' 
requirements" and "communicating with relevant stakeholders", almost secondary and readers might dismiss 
them. I would suggest rephrasing the sentences to highlight the importance of all of these three valid points, 
and explicitly linking to sections of the paper that describe these points in more details.  
> Point taken. The phraseology may not be as clear as it could be, and this could move beyond emphasis to 
make interpretation difficult for non-native speakers.  Rephrased. 
 
RC2.2 - P3 L76-77: I found reading this sentence about contributing to building a field of geoscience 
communication a little bit intimidating. The first thought I had was that as I didn't get any training as a 
geoscience communicator, am I still entitled to contributing to the field's literature? You tackle this point really 
well later in the paper when you talk about collaborating on geoscience communication activities and outputs, 
but I was wondering if it might be helpful to allude to this already now, for readers like me?  
> Altered text, adding " by which both new and experienced communicators contribute " to make it clear that 
all are entitled to contribute. 
 
RC2.3 - Section 3: Another approach I have seen many geoscientists follow is a mix of both approaches 
illustrated in Fig. 1, where the activity design is done following approach 1a, and later reframed to publish it 
following approach 1b. I was wondering if you could comment on this and whether it is desirable?  
> The main text and figure caption has been modified to explicitly state that these are end-member 
approaches.  This allows for your observation of a mixture of the two approaches. In any research post-hoc re-
casting for publication is not ideal, although we suspect from our own experiences it is quite common.   
 
RC2.4 - P5 L133-135: I suggest changing "useful" to "applicable" or "impactful". The outcomes might probably 
still be useful for a certain end, but it might be harder to draw any impact retrospectively.  
> Thank you for this comment.  We believe that 'potential less useful' allows for outcomes that might still be 
useful for some purposes.  
 
RC2.5  - P5 L152-154: Investigations of the dialogue and communication process is a great idea! Could you 
given an example or two of papers that do this well? A minor additional comment, I found this point slightly 
out of place here. Consider moving it (along with other recommendations) to a "further recommendations" 
section at the end of the paper if you think it would work well.  
> As pointed out by Reviewer 1, our phraseology inadvertently implied that there were no examples of this in 
GC. That would have been out of place. We have changed the phraseology to clarify that there are some 
examples of this in GC, but we might like to see them more frequently. This both provides examples, and 
justifies the current location of the lines. 
 
RC2.6 - P7 L199-201: I found defining what success looks like a very hard task when writing my first SciArt 
project proposals, and very different to anything I had written in science before (especially as an early career 
scientist who had never written a grant application). In science, "success" is very abstract in that an 
experiment might be successful either if it fails or if it works as expected, because both outcomes are scientific 
findings in their own right. Could you maybe elaborate a bit more on this task and/or provide some useful 
literature/resources on the topic to guide readers?  
> Thank you. We have elaborated on this a little more, providing a reference to literature (a book) to provide 
further guidance for readers.  
 



Measuring success is largely based on two questions that you need to address at the start of any initiative: 
'what' are your aims and objectives, and 'who' is your audience (Illingworth and Allen, 2020). In answering 
these question an aim can is ‘what you want to achieve’, while an objective should be thought of as ‘the 
action(s) that you will take in order to realise an aim’. Each objective should be tied to a specific aim, and 
should also be SMART, i.e., Specific, Measurable, Achievable, Realistic, and Time-bound. Reflecting on the 
extent to which you have achieved these aims and objectives (ideally by using a reflective model; see 
Section 8.2) will help you to measure your success and also to better understand why certain aims and 
objectives were not met and what the result of this was for the initiative. 

 
RC2.7 - P7 L212: Maybe reiterate here that they can be quantitative or qualitative data and give a few quick 
examples?  
> Thank you for this suggestion. Reiterating certain aspects such as data being quantitative or qualitative, or 
giving examples would raise questions as to why these and not more or all aspects of data had been 
highlighted again. And, examples are given in Section 6 immediately below. So, we have not expanded 'Collect 
data'. 
 
RC2.8 - P14 L428: Could you please define here what "network analysis" means?  
> To remain concise, we refrain from adding descriptions of the methods noted.  Instead, we provide a citation 
so that the reader can investigate further if they wish. 
 
RC2.9 - P15 L469: I would add that these forms can usually be found directly via one's institute, for readers 
wondering where to find them.  
> Text modified. 
 
RC2.10 - Section 10: Here, you focus on GC publication as it is the target of this editorial. It might be worth 
noting here that widely accessible communication of research can also be achieved in different spaces using 
various formats to reach specific audiences, and that publishing in GC is the space and format you focus on 
here. E.g., Exhibition visitors who might not necessarily know about GC might find it interesting to find out 
about geoscientists' analysis of an exhibition via blog posts, a series of posts on social media, short videos, etc.  
> Thank you. We have added a sentence to reflect this further, onward communication. 
 
RC2.11 - Section 11: Are the points in this section in a specific order? I would swap some of them around (e.g., 
2 and 3 before 1), so this led me to wonder if these were in a particular order.  
> They are in partial order. Point 1 is first as this is our key desire for the reader to understand i.e. please plan 
(before doing something) if you want a smooth route to publication. Point 7 is at the end to fit with the paper's 
structure.  The rest a of somewhat equal importance, and can be seen as more or less important depending on 
the background of the geoscience communicator (specifically the co-authors). 
 
RC2.12 - Figure 3: Consider adding a legend of what the different dots are on this figure. What is the fourth 
dot?  
> We have changed the figure to remove the dots to avoid confusion. They were illustrative only because, as 
noted in the text, the positioning of the dot for any project is a subjective judgement of the investigators.  
 
*Technical corrections:  
- additional comma not needed before parenthesis is being closed. - brackets not needed around "Hut et al.". 
> Changed. 
 
- "to" can be removed. 
> Please clarify which line this is on. 
 
- "ed" missing at the end of "recommend".  
> Changed. 
 
 
 



  



CC1 - Rhian Salmon  
 
CC1.1 - This paper provides a useful encouragement for any prospective contributors to Geoscience 
Communication. It is primarily focused on the criteria and approaches that are likely to lead to successful 
publication in this journal. It does, however, seem to gloss-over what many would argue to be the hardest part 
of this kind of work, namely, analysing the data.  
> Thank you. We respond to your comment about analysing the data in CC1.3 below. 
 
CC1.2 - On page 7, a simple 6-point process is described. While I agree that it’s critical to define “what success 
looks like”, I would argue that analysis against this criteria alone will lead to an “evaluation” rather than a 
research paper. A research paper, more often than not, will have a deeper question beyond simple evaluation 
against a pre-defined success metric. Some explanation about the difference between these would be helpful.  
> We agree that 'what success looks like' is related to evaluation, and realise that the previous phraseology 
was overly focussed on 'evaluation'.  This we did not consciously intend, and used your words about a deeper 
question to modify point 1 of the list in order to clarify that is only one sort of research question out of a rich 
landscape of potential questions.  
 
CC1.3 - It was also surprising to me that no further padding was included around Step 5 “Analyse the data” 
(line 213). This is surely the hardest area for someone who has not been trained in these methodologies, and 
the part of the process where guidance and collaboration might be most helpful. The subsequent case studies 
provide excellent examples related to the level of specific expertise that might be required for this step, and 
section 8.2 expands on this a bit more, but it might be worth adding at least a sentence at this early stage 
indicating that this step requires particular research expertise and a substantial amount of work!  
> Two sentences added to emphasise these points. 
 
CC1.4 - Figure 2 provides an interesting approach to conceptualising the research planning framework, which I 
found helpful while reading the text. Two design suggestions related to this figure: 
- the grey box in the middle I think needs to be labelled (v) rather than (iv) with reference to the stages on the 
left hand side (purple); 
> Thank you. Yes. This has been changed.  
- I think it would be more compelling if the grey box ALSO correlated with the cycle on the right hand side 
(green). This could be achieved if the green cycle was a mirror-image to the purple one, ie, running 
anticlockwise, with both cycles overlapping and passing through the box in the middle named “plan and 
undertake research-informed communication”. Currently, it looks like that happens either before the research 
question is defined, or after the paper has been written.  
> Thank you. We agree that it would be good to make it appear that the grey box was integral to, or expands 
to become, the cycle on the right.  We have explored ways of doing this, including your suggestion. We have 
also tested different colours and found that displaying the figures in greyscale works very well. This will also 
aid readers with colour-blindness, and those who wish to print in black & white.  The proposed figure is now 
simplified, and includes a bold black outline to relate box (v) more obviously to the research process on the 
right without making it appear to be an element within in. 
 
CC1.5 - I was also surprised by the narrative related to how high or low stakes a particular initiative might 
carry. This appears initially at line 234, later at 349, and then is expanded in figure 3. While I appreciate that 
science communication research might require different amounts of rigour and depth depending on the 
outcome and impact, I think it is risky to infer that it’s ok if some (“low stakes”) science communication 
research might not need specific skillsets for their data analysis, and therefore might not “warrant wider 
interdisciplinary input”.  
> We quite firmly and explicitly suggest collaboration (e.g. L375 of reviewed text).  The point here is that 
mistakes will have fewer implications so may be a good entry point for new workers learning skills.  We feel 
that it is important that geoscientists do not need to necessarily feel they have to build a large team to do 
geoscience communication - or this starts to form a substantial barrier. 
 



CC1.6 - I’m not entirely convinced of the value of Figure 3 overall. In addition, the relevance of the placement 
of the various dots is not clear from either the caption or the text – if they refer to specific case studies 
discussed in the paper then they need to be appropriately labelled or identified.  
> To avoid confusion, we have amended the figure to remove the dots. 
 
CC1.7 - Finally, the paper provides a useful overview of the methods that have been used to date in GC 
articles. I wonder, however, if the purpose of this article is to encourage greater breadth in submissions. If so, 
it might be worth noting that there are several additional approaches, and types of data, that may be used for 
documenting and publishing communication work, such as think-pieces, auto-ethnographic works or 
explorations using art and other creative processes. It’s not clear from this paper if such articles would indeed 
be welcomed by GC – they certainly would present a different kind of “data” as that explored here. I would 
recommend making this clear either way (and , if not welcome, suggesting that such papers would be better 
suited to alternative journals focused on public engagement with science).  
> Thank you. This paper outlines how prospective authors might consider turning their science communication 
and public engagement activities into publishable research, presenting several examples of research methods 
that have done so successfully in Geoscience Communication. However, we acknowledge that there are many 
other research methods that researchers might wish to utilise, including (but not limited to) 
autoethnographies, walking interviews, and discourse analysis. Many of these research methods have a 
trusted provenance in other disciplines such as social sciences and pedagogy but might be alien to researchers 
who have initially trained in the geosciences. For those researchers who are keen to try out some of these 
methods for themselves, we encourage them to both collaborate with experts from these other disciplines and 
also to make use of the new GC Insight manuscript type, which has been specifically designed to present 
innovative and well-founded ideas related to geoscience communication, which have not yet been 
comprehensively explored, in a concise way. 
 
CC1.8 - Finally, it would be useful to also include a short section outlining the level of support that GC provides 
during the submission and review process. For example, is there a pre- submission “pitch” stage, do you offer 
suggestions for potential collaborators, what is the peer-review process, and what is your recommended 
approach to co-authorship. This things may differ from the main discipline in which the prospective authors or 
communicators are familiar with.  
> The support provided by GC is described in the first editorial https://gc.copernicus.org/articles/1/1/2018/ . It 
is ad hoc, based on conversations with the editorial team, rather than through a formalised process. It is 
therefore not something we can elaborate further on at this time. We will consider this further as an editorial 
team.  
 
Despite these comments, I think it's great that this paper has been drafted and hope it will encourage further 
publication on this field.  
> Thank you. 
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Abstract. If you are a geoscientist doing work to achieve impact outside academia or engaging different audiences with the 

geosciences, are you planning to make this publishable? If so, then plan. Such investigations into how people (academics, 15 

practitioners, other publics) respond to geoscience can use pragmatic, simple research methodologies accessible to the non-

specialist, or be more complex. To employ a medical analogy, first aid is useful and the best option in some scenarios but 

calling a medic (i.e. a collaborator with experience of geoscience communication or relevant research methods) provides the 

contextual knowledge to identify a condition and opens up a diverse, more powerful range of treatment options. Here, we 

expand upon the brief advice in the first editorial of Geoscience Communication (Illingworth et al., 2018), illustrating what 20 

constitutes robust and publishable work in this context, elucidating its key elements. Our aim is to help geoscience 

communicators plan a route to publication, and to illustrate how good engagement work that is already being done might be 

developed into publishable research.   

 

Short Summary: In this editorial we expand upon the brief advice in the first editorial of Geoscience Communication 25 

(Illingworth et al., 2018), illustrating what constitutes robust and publishable work for this journal, elucidating its key elements. 

Our aim is to help geoscience communicators plan a route to publication, and to illustrate how good engagement work that is 

already being done might be developed into publishable research.   

1 Introduction 

Scientists are increasingly encouraged to have 'impact', effecting real-world changes (e.g. Reed, 2018; Hillier et al., 2019b), 30 

which involves communication with non-academic audiences. This communication seeks to involve a range of audiences (e.g. 

industry leaders, policymakers, students, community groups, indigenous communities, individual citizens) through a variety 

Commented [JH1]: Modified after comment RC1.4 

Commented [JH2]: RC1.6 
It would be useful to mention social science and educational research, 
established fields that have a great amount of overlap with science 
communication and public/societal engagement, somewhere here 
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of activities (e.g. public events, co-writing for social or news media, art installations, classroom visits, workshops). While the 

interest in scientist-led engagement continues, there are many calls for a closer integration between science communication 

theory and practice (Salmon and Roop, 2019; e.g. Salmon et al., 2017), and scholars in the field of science communication 35 

have spent decades documenting and developing effective methods and practices (e.g. Cheng et al., 2008; Bucchi and Trench, 

2008). Similarly, many practitioners of geoscience engagement have lessons to share from their applied experiences.  

 

When Geoscience Communication (GC) first launched in 2018, the aims of the journal were (Illingworth et al., 2018) to:  

 40 

1. provide wider and more formal recognition for existing and future geoscience communication initiatives; and 

2. better formalise the discipline of geoscience communication.  

 

This formalization included a call for increasingly robust evaluation and assessment of geoscience communication efforts 

through the use of evaluation instruments and social science methods. In its three years, GC has published some excellent 45 

research articles, making progress on these aims. The current editors of GC, though, see the value of exploring the core aspects 

of what rigorous, evidenced-based geoscience communication research can look like.  

 

As an initial step to achieving the journal’s aim, the first editorial in Geoscience Communication (Illingworth et al., 2018) 

describes what the editorial team wish a paper to look like, in particular highlighting two requirements of good practice: 50 

 

1. all research articles should include qualitative and/or quantitative evidence, and not solely anecdotal reporting; and  

2. all research articles should include an explicitly marked section that considers the ethics of the investigation and 

should also demonstrate how the research has received ethical clearance from their research institute or professional 

body. 55 

 

This editorial expands upon these requirements to provide guidance on what constitutes robust and publishable peer-reviewed 

research in this journal. We use the term ‘geoscience communication’ to refer to the range of activities included in GC; these 

fall within a spectrum. At one end is activity-led work that might variously be known as education, outreach, communication, 

or engagement (e.g. science theatre as a medium for effective dialogue), and at the other end is curiosity-led research (e.g. how 60 

video games tangentially communicate geoscientific concepts) into how people engage with geoscience. The advice in this 

paper is based on the experience of the current editors, which includes geoscience research, knowledge exchange, science 

communication and public engagement with science, geoscience education, and the application of social science methods.  

 

Our target audience for this editorial is two-fold. First, we wish to encourage those who are already doing excellent geoscience 65 

communication work but are not publishing it. Second, we would like to support those with less experience who are eager to 
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publish what they have done or will do, but perhaps have not yet considered how to add the necessary rigour into their work. 

The desire is to convince the former that publication is worthwhile and cost-effective in terms of time as well as achievable, 

and to facilitate the latter in achieving the required quality of study.  

 70 

This article starts by making a case for publishing papers relating to geoscience communication work (Section 2). We then 

outline what makes a geoscience communication study publishable as a research article in a peer-reviewed journal (Section 3) 

and give a step-by-step guide to designing publishable investigations, including exemplar studies and a suggestion of when it 

might be best to reach out to more experienced colleagues (Sections 4-7). Finally, we cover ethics to demystify this requirement 

(Section 8), provide an introductory toolkit of research techniques (Section 9), and discuss how to make your article accessible 75 

(Section 10), before finishing with a basic framework for turning geoscience communication work into research articles 

suitable for publications in GC (Section 11). 

2 Why publish work on geoscience communication? 

Publishing work on geoscience communication has multi-faceted value, and not just as a journal output in addition to those 

reporting a project's underpinning geoscientific work. It is often needed to comply with a funder's requirements, and is in itself 80 

a means of communicating with relevant stakeholders (via stakeholders reading or co-writing an article). Publishing in a peer 

reviewed journal also has value in building a field of geoscience communication, a mechanism by which both new and 

experienced communicators contribute to increasing the quality and effectiveness of the communication.  

 

In recent years, it has become desirable, if not required, to incorporate a plan for engagement with non-academic audiences 85 

(e.g. practitioners, non-specialist citizens, other publics - see Illingworth (2020a)) into the design of scientific projects. 

Illustratively, there is demand from funding bodies in various countries (e.g. Australia, USA, UK) for a more effective dialogue 

to share science, leading to changes and benefits outside academia. Specifically, this demand involves the inclusion and 

rigorous assessment of activities relating to geoscience communication within competitive funding applications. 

 90 

In the UK, 'impact' is the term used to describe the influence that underlying research has outside academia (Reed, 2018). The 

UK governmental funding body, UK Research & Innovation (UKRI; https://www.ukri.org, last access: 22 March 2021), 

defines impact as: 

 

“An effect on, change or benefit to the economy, society, culture, public policy or services, health, the environment or 95 

quality of life, beyond academia”.  
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This ranges from 'awareness raising' (e.g. through co-working with stakeholders) to policy changes (Reed, 2018). In 2020, for 

most UKRI grants, a separate 'Pathways to Impact' statement describing the approach that will be taken to deliver impact was 

discontinued, replaced by a requirement for this to be included within the main body of the application, indicative of a 100 

continued increase in the importance of impact. Indeed, one recent large funding scheme (the ‘Industrial Strategy Challenge 

Fund’ of GBP 4.7 billion) weights impact only slightly less than research excellence, and in another (the ‘Global Challenges 

Research Fund’ of GBP 1.5 billion) it is the main objective (UKRI, 2018, 2017). Similarly, in New Zealand, the ‘Unlocking 

Curious Minds Contestable Fund’, which offers up to $2 million of annual funding for STEM engagement projects (Curious 

Minds, 2019), requires funded projects to report on how they are measuring ‘the success’ of the project along with an 105 

‘assessment of what the project is achieving’ (Curious Minds, 2020).  The EU, in initiatives such as Horizon 2020, has 'impact' 

defined similarly to the UK, but with 'expected impacts' clearly defined in its calls for proposals and integrated as a core 

evaluation (EC, 2018; Reed, 2020). In the USA the National Science Foundation (NSF) includes the potential of the research 

to achieve societally relevant outcomes within its 'broader impacts' requirement (NSF, 2014). 

 110 

In many cases, therefore, geoscience communication efforts are already being rigorously designed and evaluated. But, at 

Geoscience Communication we believe that these efforts should be more than a box-ticking exercise to meet funders’ 

requirements. Publishing in a peer-reviewed journal undoubtedly involves significant additional work but, importantly, 

publication can lead to improved practice (i.e. the work being done better) by drawing upon past work as recorded, and ratified, 

in previous such journal articles. Now that we have argued that publication is desirable, we consider the characteristics that 115 

make it possible. 

3 What makes geoscience communication work publishable? 

Geoscience Communication (GC) is a journal that publishes peer-reviewed research. A geoscientist knows what is required to 

create publishable scientific research within their own core discipline. However, it may not be clear what is involved to do so 

for a communications activity. So, what makes geoscience work publishable in GC? Illingworth et al. (2018) put the advice 120 

very concisely: “All research articles should include qualitative and/or quantitative evidence, and not solely anecdotal 

reporting”.  Therefore, research in GC typically consists of the presentation of a research question or hypothesis and the testing 

of this (i.e. use of the scientific method).  

 

Figure 1 illustrates two extreme, end-member ways in which a geoscience communicator might involve research in their 125 

practice. In Fig. 1a, the communication activity is at the fore of the researcher’s mind and is subsequently analysed. Here, the 

research element of the work is overwhelmingly in post-activity evaluation. Alternatively - and preferably - the work is driven 

by a specific research question (maybe one that is also embedded in previously published work), and the activity forms part of 

answering that question (see Fig. 1b). Conceptually, the activity itself could be identical, it is the approach to the project that 
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differs. To link this with something familiar to many geoscientists, consider the approaches to improving a 12-week module 130 

for geoscience undergraduate students. Signoretta et al (2014) revamped a quantitative methods course in order to test the 

hypothesis that using visualizations (e.g. maps) would improve learner outcomes. Their approach was research-led (Fig. 1b); 

a particular activity (delivery of a module) needed improving, but driven by funding through the UK government, the aim was 

to garner widely applicable insights into how this sort of teaching might be improved across the UK. Specifically, the 

visualization hypothesis arose from the peer-reviewed pedagogical literature, and the activity of delivering the module was 135 

part of the research plan. Alternatively, they might have adopted an activity-led approach (Fig. 1a). If they had made the same 

changes based upon a personal view in isolation from an academic (i.e. pedagogical) framework, and then decided to evaluate 

the impact, the research question might have been paraphrased as ‘Did it work?’ with the research consisting of an evaluation. 

This is a valid approach, although it comes with a risk that the outcomes are potentially less useful than they might have been 

(e.g. if a similar piece of work already exists, or if it is difficult to implement the insights elsewhere if not grounded in a theory 140 

that others recognise).  

 

It is fundamental to note that even if the main interest of the author might be in the communication activity itself, what makes 

it publishable in a peer-reviewed journal such as GC is research that contains a novel insight. When planning publishable work, 

we encourage integration of research question development and activity planning into a single process, whichever of these is 145 

dominant within a project. To elaborate on what this means in practice, the next sections expand upon the development of a 

research-led approach. 

4 A spectrum of geoscience communication 

Publishable geoscience communication can be viewed as falling within a spectrum that is based upon the primary motivation 

of the lead author. At one end is activity-led work that might variously be known as education, outreach, communication, or 150 

engagement, and at the other end is curiosity-led research into how people engage with geoscience. This is illustrated by the 

banner at the top of Fig. 2; position on this spectrum reflects which parts of the planning process might be foremost in an 

author's mind.  

 

Of research articles published in GC since mid-2018, roughly half are activity-led, commonly framed as evaluations of a 155 

communications activity. Activities include an ephemeral sculpture (Lancaster, 2020), toolkits for science outreach (Locritani 

et al., 2020), serious games (Skinner, 2020), and ozone monitoring exercises for use in tertiary and higher education (Ramirez-

Gonzalez et al., 2020).  In addition to evaluations of how much more an audience understands (i.e. a 'deficit model') the GC 

editorial team would like to see a variety of investigations more often represented, such as of the dialogue and the 

communication process itself (e.g. Illingworth, 2017; Balmer, 2021) or the audiences actually reached by activities (e.g. 160 
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Archer, 2021). Often this sort of insight comes through in narrative or other more imaginative and interdisciplinary approaches 

to evaluation. 

 

The other half of GC papers are broadly curiosity-led research investigations into the processes and mechanisms at work in 

geoscience communication and how humans (academics, practitioners, other publics) engage with and engage in geoscience. 165 

This encompasses a wide spectrum of potential topics (see Illingworth et al., 2018). For example, Hillier et al (2019b) seek to 

understand what motivates academics to collaborate with, and thus communicate with, industry partners; Hut et al (2019) are 

curious as to whether geoscientists are better than the wider public at distinguishing real and computer generated landscapes; 

and Deves et al (2019) probe the biases in media coverage of seismic risks.   

 170 

Considering these papers in any detail, however, emphasises that our characterization in Fig. 1 is deliberately simplistic. The 

structure of projects and how a plan to publish geoscience communication work may be built into them is considered further 

below. 

5 Planning for publication 

The single planning framework in Fig. 2 is applicable wherever on the spectrum of motivation (Fig. 2 banner) authors identify 175 

their work to lie. GC recognises a variety in authors' perspectives, motivations, resources, and experience, and also that they 

may be (or have been) more or less cognizant of application and impact (left) or research (right). In practice this means that 

GC accepts papers that focus on one part, while encouraging fully integrated studies; an example of such a study is Archer et 

al (2021b), which assesses a geoscience communication initiative as an activity in itself but does this by using a robust 

evaluation set into an appropriate theoretical framework of how such initiatives are designed, so that portable lessons can be 180 

learnt and applied more widely and theory advanced.  

 

Existing resources, frameworks and tools can provide detailed guidance on planning your communication activities (Cooke et 

al., 2017; Illingworth, 2017; Salmon and Roop, 2019), but here we focus on the broad steps involved in designing geoscience 

communication efforts aligned with leading science communication practices and in a way that can facilitate the publication 185 

of these efforts. We pull out and emphasise the research process (right), not to separate it, but rather to provide a familiar point 

of reference for practicing geoscientists while noting some important additions (e.g. ethics). 

 

As you plan your paper for GC, consider the process shown in Fig. 2. At its core is a research process much like that which 

will be familiar to geoscientists in their scientific work (light grey), but the framing and purpose which surround and guide the 190 

research (dark grey) need a different sort of consideration. 
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In terms of framing or defining a geoscience communication activity, particularly at the activity-led end of the spectrum, when 

you plan your communication activity it is important to be clear about your aim and who your audience will be. Are you trying 

to encourage behaviour change? Raise awareness of a topic, issue or subject? Influence policy? Inspire more students to pursue 195 

careers in Science, Technology, Engineering and Math (STEM)? The answers to these questions should influence how you 

plan your activity, but also how you will gauge its impact and success. Measuring success is largely based on two questions 

that you need to address at the start of any initiative: 'what' are your aims and objectives, and 'who' is your audience (Illingworth 

and Allen, 2020). In answering these question an aim can is ‘what you want to achieve’, while an objective should be thought 

of as ‘the action(s) that you will take in order to realise an aim’. Each objective should be tied to a specific aim, and should 200 

also be SMART, i.e., Specific, Measurable, Achievable, Realistic, and Time-bound. Reflecting on the extent to which you 

have achieved these aims and objectives (ideally by using a reflective model; see Section 8.2) will help you to measure your 

success and also to better understand why certain aims and objectives were not met and what the result of this was for the 

initiative. Defining your audience is central for understanding how to shape your activities and messages and to identify if you 

need to find collaborators who can help in various ways (e.g. in project design, by being appropriate intermediaries) - and in 205 

some circumstances this is highly recommended (see Section 7).  

 

For the research element itself (light grey box in Fig. 2), as you plan your paper for GC, consider the following process. It is 

much like a research process that will be familiar to geoscientists in their scientific work. Be aware, however, that there are a 

couple of important points you may be unfamiliar with, particularly if it is not dominantly a curiosity-led investigation (e.g. 210 

with a more immediate eye on impact or behaviour change): 

 

1. Define your research question(s). For curiosity-led work (e.g. Hut et al., 2019) a testable hypothesis is the starting 

point but, more often than not, any work will benefit from a deeper question beyond simple evaluation. If you are 

planning to evaluate the impact or implementation of your activity you should first clearly define what ‘success’ looks 215 

like, i.e. what are you hoping to achieve? If you have carried out your activity already, then ensure you draft a clear 

research question before you continue with data collection and analysis. If possible, success metrics should be 

benchmarked against published data. In all cases we highly recommend that you draft the research question as you 

plan your geoscience communication activity. 

2. Identify appropriate methods to collect and analyse the data to answer the questions (Section 7 & 8). Here you 220 

need to test your geoscience communication-related hypothesis, or gauge how your activity has been successful. 

Illustratively, think about what data you need to evaluate your hypothesis. Alternatively, what sort of analysis, 

evaluation, or interrogation will you do to determine the effectiveness, or otherwise, of your project? 

3. Ethical approval (Section 9). This important element likely differs from the research processes that many 

geoscientists are used to. If your data-gathering methods involve interviewing or collecting data from human subjects, 225 
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be sure to obtain ethical approval before you start the data-gathering process (and follow required specified ethical 

practices throughout the research and writing process). 

4. Collect data. This will involve familiar issues (e.g. organisational, logistical). 

5. Analyse the data: As with any research, this is often time-consuming and challenging. The case studies (Section 6) 

illustrate types of analysis, and Section 8 gives a scattering of examples used in GC papers as pointers to the 230 

methodological skills that may be required.   

6. Write your paper (Section 10). Remember that the audience of GC spans many fields and disciplines. When writing 

your paper, please endeavour to write clearly and concisely, avoid jargon (see e.g. Venhuizen et al., 2019) and include 

critical structural elements you will be familiar with (e.g. introduction, methods, results, discussion, conclusions).  

 235 

The best geoscience communication efforts will be informed by research and will contribute to research. In the following 

section we give some examples of this. 

6 Three Case Studies 

To illuminate aspects of the process of creating a publishable piece of geoscience communication, and the framework in Figure 

2, three examples published in GC have been selected. Examples 1 and 2 illustrate the spectrum of authors' motivation, while 240 

the third exemplifies the potential benefits of reaching out to colleagues across disciplines for support and collaboration.  

6.1 Example 1 

Martin Archer and colleagues carried out an interesting exhibit about sonification at a Science Museum in London (Archer et 

al., 2021a). Their study finds itself securely in the activity-driven end of the project spectrum in Fig. 2. They planned and 

carried out a geoscience communication activity, and then evaluated its impact. The aim of the installation was to better 245 

communicate the dynamic and active nature of space by converting physical phenomena into sounds and allowing visitors to 

experience them by listening to them. Ultra-low frequency plasma waves due to the 'solar wind' are analogous to ordinary 

sound waves, and the authors presented measurements of these for visitors to hear (using headphones) at their installation. 

 

Archer is a qualified natural/space scientist and experienced science communicator, whilst the co-authors have varied scientific 250 

backgrounds (e.g. medical science) but are principally public engagement professionals/practitioners. The audience and 

research aims were important, but also carried a low enough risk of adverse consequences not to warrant wider interdisciplinary 

input (see Fig. 3). Here is an overview of what they did in relation to the step-by-step process above (see light grey box on Fig. 

2): 

  255 
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1. Define your research question(s): The authors’ overarching research question was whether their soundscape exhibit 

had had an impact on the people who attended - did it change their conceptions of space and language they used to 

describe it? They also had a secondary, technical objective to demonstrate some elements of novelty in the approach 

they implemented to evaluate the exhibit's impact.  

2. Identify appropriate methods to collect the data to answer the questions: Their soundscape exhibit was visited 260 

by (mainly) young families who were guided around while listening to the audial experiences of space. The authors 

chose to use ‘graffiti walls’ to collect data to answer their research questions. The novelty in this method arises from 

the use of graffiti walls both before and after visiting the exhibit in order to evaluate any change. The other novelty 

in their approach was their use of two complementary statistical methods to analyse the changes they observed on the 

graffiti walls. 265 

3. Ethical approval: The authors followed the Ethical Guidelines of the British Educational Research Association 

(BERA, 2018) and discussed ethical issues with the institutional funders and the Science Museum before the activity 

was run. Children only partook in the data collection if they were accompanied, and all data were anonymous. 

4. Collect data: All the data were collected during the four days the exhibit was open. In total, the graffiti walls before 

and after the soundscape had 535 and 446 responses respectively.   270 

5. Analyse the data: In order to identify any change in attitudes the authors needed to analyse and compare the data 

from the graffiti walls both before and after the soundscape. They chose two different techniques to do this. They 

firstly applied quantitative linguistics to analyse how the diversity of words used by the participants changed. They 

secondly used thematic analysis to find groups of words connected to broader themes. 

6. Write your paper: Archer and colleagues wrote up the paper with clear descriptions of all the above steps. It is a 275 

good example of how a well-designed science communication activity can be evaluated to show that it had a real 

impact on the audience that experienced it. 

6.2 Example 2 

An example of a 'curiosity-led' research paper is provided by Hut et al (2019). Here the authors of the study were inspired to 

investigate if geoscientific ‘experts’ were better at identifying unrealistic geological features in the videogames than ‘non-280 

experts’.  

 

The idea for the paper was originally conceived by Hut, Illingworth, and Skinner following discussions of the worldbuilding 

in the videogame The Legend of Zelda: Breath of the Wild. After discussing the approach that they wanted to adopt (a 

quantitative analysis that ranked participants’ confidence in identifying geological features that were either real or from a 285 

game) they decided that additional input from a statistical and digital visualisation expert would help in the data collection and 

analysis phase, and so they approached Albers at the start of the project to help co-design and deliver the study.  
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As a curiosity-led research paper, the focus in planning was not on an activity or audience represented by the dark grey box in 

the planning framework (Fig. 2). Here is an overview of what was done according to the step-by-step research process above 290 

(light grey box on Fig. 2): 

 

1. Define your research question: The overarching research question was centred on finding out if people without a 

background in the geosciences perceive landscapes from game worlds as more realistic compared to those with a 

background in the geosciences. In answering this question, the authors also wanted to investigate if wrongfully 295 

interpreting game world landscapes as real is a risk when aiming to tangentially communicate geoscientific principles 

through the use of videogames.  

2. Identify appropriate methods to collect the data to answer the questions: In the initial scoping exercise for this 

study, it was decided that an initial quantitative-based approach would be appropriate to begin to answer the research 

question. It was also envisioned that this study might then lead to further qualitative research to help further unpick 300 

the findings of this study, i.e., that geoscientists are slightly better (with statistical significance) at differentiating real 

geological features from those in a game world.  

3. Ethical approval: This study was carried out according to the British Educational Research Association’s (BERA) 

ethical guidelines for educational research, with all of the data in this study fully anonymised. Furthermore, the survey 

clearly outlined the purpose of the study, the way in which the data would be used, and provided participants with the 305 

opportunity to withdraw from the research at any time.  

4. Collect data: The data was collected using a survey on Google Forms, through which participants were shown a 

series of images, some of which were real geophysical features and some of which were from a game world. The 

participants were asked to mark on an ordinal scale how confident they were in their identification, with the benefit 

of such ordinal scales being that they can incorporate more nuance than a simple dichotomy. The survey itself was 310 

advertised both in person at the European Geoscience Union (EGU) General Assembly 2018 in Vienna and via the 

Twitter accounts of the authors. While there are limitations to this approach, Côté and Darling (2018) have shown 

that this is an effective approach for reaching a diverse audience.  

5. Analyse data: The responses to the survey were analysed using a Student's t-test with Bonferroni correction to 

account for multiple testing. Furthermore, post hoc analyses showed no significant over-representation of gamers 315 

among geoscientists. The specific use of this analysis was discussed very early on in the design of the study, and the 

survey was designed with this in mind.  

6. Write paper: From the outset this study had been designed with publication in GC in mind, and so the authors were 

able to be guided throughout each of the preceding stages by the Editorial of Illingworth et al (2018). This helped to 

ensure that there was a well-designed ‘fit’, which in turn made preparation for publication more straight forward.  320 
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6.3 Example 3 

An example of a paper that is based on, and benefited from reaching out during project planning and by interdisciplinary 

collaboration is Hillier et al (2019b). The authors were motivated to understand exactly how an individual geoscientist’s 

workload (i.e. specified tasks) and incentive structures (i.e. assessment criteria) may act as a key barrier to university–business 

collaborations, with a focus on natural hazard risk modelling in the insurance sector.  325 

 

The work was originally conceived by Hillier with a simple, pragmatic aim of creating a ‘user guide’ to help initiate and 

nurture a long-term collaboration between an early- to mid-career environmental scientist and a practitioner in the insurance 

sector. Hillier, however, realised that this output could be more powerful and broadly applicable if grounded in a body of 

published theory and practice rather than a mainly anecdotal report of the views of his close contacts in the insurance sector. 330 

As primarily a geoscientist, Hillier sought initial advice on what might make the work publishable from the Geoscience 

Communications editorial team, then reached out across specialisms (knowledge exchange experts, social scientists, and 

insurance practitioners). What emerged is a robust mixed-methods piece of curiosity-led research. 

 

Here is an overview of what they did in relation to the step-by-step research process above (light grey box on Figure 2): 335 

  

1. Define your research question(s): The study was framed by two broad questions: what motivates academics to do 

specific work, and reciprocally, what might constrain them? Specifically, this work adds novel insight into why 

motivations arise and how exactly time constraints manifest themselves in behaviours in the presence of impact 

requirements. The constraint focussed upon was the time available in an academic geoscientist's working week as 340 

understood through their duties and responsibilities. The motivation focussed upon was the appraisal and promotion 

structure of universities and the importance of 'impact' (e.g. knowledge exchange or geoscience communication) 

within this.  

2. Identify appropriate methods to collect the data to answer the questions: A mixed-methods approach was used, 

based upon freely available textual data. Job specifications and promotion criteria from UK universities provided data 345 

on the tasks required, setting the time constraint, while promotion and therefore its requirements were presumed to 

be a motivation. To augment this, a workshop interpreting and collecting views on these data was conducted and, 

further opinions incorporated by co-writing the paper with 22 interested academics and practitioners. So, overall, the 

approach draws on ideas of reflexivity and action research. 

3. Ethical approval: The study was approved by Loughborough University's departmental ethics coordinator. All data 350 

were anonymous. 

4. Collect data: Textual data were collected during a desk-based analysis, supplemented by a workshop of 27 

participants and, in a novel twist, through comments during co-writing the paper with 22 interested co-authors.     
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5. Analyze the data: In order to identify key aspects of the data three relatively simple qualitative techniques were used: 

(i) word clouds, (ii) thematic analysis, and (iii) interpretation of participants' comments. No sophisticated methods 355 

were used to interpret comments if they were unclear, clarification was simply sought during the writing process (co-

authors) or semi-structured interviews (other participants). 

6. Write your paper: Hillier and colleagues wrote up the paper, and with a breadth of authors it was written to be 

intelligible to all of them – geoscientists, social scientists, and insurance practitioners.  

7 Reaching out & project planning 360 

Reaching out to science communication researchers or social scientists is a good way to engage in high-quality and publishable 

geoscience communication (Illingworth, 2017). As an example, Priestley et al (2019) analysed the content of reflective blogs 

and a series of surveys completed by learners engaged in an online course about Antarctic geology and history. The main 

engagement activity (the online course) was led by a science historian and a geologist, but co-authors with expertise in 

geoscience education and psychology were invited to do the thematic analysis and contribute to the publication. 365 

 

You can assess your need for involving outside expertise on a three-fold basis: your existing team's experience, the demands 

arising from the interdisciplinarity of the project, and the stakes (i.e. risk level associated with a mistake either in the project 

design or the miscommunication of any results). This is illustrated in Fig. 3 where we plot the interdisciplinarity of a project 

against the stakes at play. The placement of the different bands is arbitrary and can change with the experience you might have 370 

in interdisciplinarity or with working with particular topics or issues. Where one places a project on Fig. 3 will depend on 

one’s own values, experience, and skill sets.  

 

In the case of a simple survey, if you have never conducted one before then you will likely benefit from at least consulting 

with someone with survey design and ethics expertise. If you are an experienced geoscience communicator, and the nature of 375 

the research question is relatively simple (e.g. ‘Did it work?’), you might consider proceeding by yourself or with geoscience 

colleagues. However, for more interdisciplinary projects, i.e. those with a complex theoretical basis, or where the consequence 

of misinterpretation is high (e.g. where there is a direct feed into policy, or where there are focuses on important ethical or 

societal issues), you may need a collaborator with experience in social science methodologies and/or publishing in the field of 

science communication. Moving up the scales, it is critical you should seek interdisciplinary and even intercultural input if 380 

you wish to interact with vulnerable individuals (e.g. children) or groups from substantially different cultural backgrounds to 

your own, as outlined in the next section.  

 

In our first case study (Archer et al., 2021a), the communication activity had low stakes. On the other hand, the use of audial 

data and the audience of young families made the project rather interdisciplinary. However, the authors had experience in all 385 
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these fields, so a mark to represent the project might therefore be placed at the lower end of both axes on Fig. 3. For the second 

case study (Hut el al., 2019), the authors felt they needed input from a statistical and digital visualization specialist. The project 

also had low stakes but would likely appear higher on the interdisciplinary scale in Fig. 3. The final case study (Hillier et al, 

2019) had much higher stakes since it dealt with issues which were policy relevant. The subject spanned science and industry 

and the project used a range of research methods. So, the project could be placed quite high on both the stakes and 390 

interdisciplinary axes on Fig. 3, clearly indicating a benefit to collaborating with experts from other fields even though the 

lead author (Hillier) has worked both as an academic and in the insurance sector. 

 

Even if your project is considered to have relatively low stakes or not particularly interdisciplinary, you should still consider 

collaborating with others outside of your immediate field. Collaborations like these can sometimes be challenging, but they 395 

are almost always positive and educational for all involved. Specifically, the act of collaborating with different disciplines 

might make you more skilled in new areas and thus able to publish on communication activities with less assistance in the 

future. 

8 List of possible techniques 

An intention of GC is that all research articles should include qualitative and/or quantitative evidence, and not solely anecdotal 400 

reporting (Illingworth et al., 2018). Quantitative evaluation, such as answers on a 1-to-5 (i.e. Likert) scale in a questionnaire, 

are a readily understood and deployed tool (if there are enough people involved), but qualitative evaluation can also be very 

powerful. This section is intended as a gateway; an illustration of the range of the toolkit that exists for data collection and 

analysis, providing links to other literature where such methods have been used in relation to the geosciences.  

 405 

It is not easy to prescribe what a robust dataset looks like because, like in physical science, this depends on the quality of the 

data and nature of the research problem; there is a place for both qualitative and quantitative research methods which is largely 

dependent on the nature of the activity, as well as the theoretical perspectives of the researchers.  For example, quantitative 

evaluations are often suitable for evaluating certain activities as they can reach large numbers of participants quickly and 

easily. However, if there are too few participants (e.g., n=12), the observations might not be demonstrated to be statistically 410 

robust. However, in other instances, qualitative research is more appropriate (for example, asking participants to reflect on a 

longer-term intervention) and a sample of 12 substantive interviews could be an appropriate sample number. Often, a blend of 

methods yields more reliable results. 

8.1 Methods for data collection 

In order to establish which data collection tools geoscience communicators use in their published research, we have reviewed 415 

those that occur in the existing research articles  in GC. This exercise demonstrates that pre- and post- surveys to measure 
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change or assess participant perception before and after an intervention, communication, outreach, or educational activity were 

amongst the most popular methods used to collect data. Researchers used a range of question types to create these surveys, for 

example Likert scales (e.g. Hut et al., 2019); multiple choice (e.g. Noone et al., 2019) and in some cases, open-ended questions 

to capture the authenticity, richness, depth of response, honesty and candour of the respondent (e.g. Cohen et al., 2013, p. 225; 420 

Cumiskey et al., 2019). Yet beyond this, innovations such as pre- and post- graffiti walls (e.g. Archer et al., 2021a) were 

utilised where surveys (for example) were found not to be suitable for the activity.  

 

Perhaps the most familiar data collection tool used by geoscientists is that of field notes.  Typically, they are used to record 

observations as evidence to reflect upon with the purpose of achieving a greater understanding of a phenomenon.  Field notes 425 

and observations are also utilised by those within geoscience communication research (Illingworth et al., 2018) as a data 

collection tool.  Collections of case studies and vignettes (e.g. Van Loon et al., 2020) are also used to elicit data from 

participants in the research.  

 

Other familiar data collection tools such as interviews (e.g. Vicari et al., 2019; Budimir et al., 2020) and focus groups (e.g. 430 

Neumann et al., 2018) are used to elicit rich, qualitative data with interviews being more suitable for instances where individual, 

and more in-depth responses are required and focus groups typically preferable for discussions and gathering a range of 

viewpoints.  Depending on the demographic of participants, for example schoolchildren, it may be more appropriate to use 

methods such as storytelling (e.g. Davis, 2007; Lanza et al., 2014) or drawings (e.g. Özsoy, 2012). 

 435 

Authors within GC also used secondary or existing data sources of geoscience communication to conduct systematic reviews 

(e.g. Loroño-Leturiondo et al., 2019) or else used media reports (e.g. Vicari et al., 2019), social media (e.g. Lacassin et al., 

2020), and videogames (e.g. McGowan and Scarlett, 2020) and then went on to analyse data from these sources using new 

analytical approaches. Of course, depending on the requirements and nature of the research, sometimes, a mixed-methods 

approach is the most appropriate (e.g. Hillier et al. 2019).   440 

8.2 Methods for data analysis 

Similarly to data collection tools, the analytical techniques used by scholars of geoscience communication, are both 

quantitative and qualitative in approach. Statistical analyses of questionnaire data (e.g. Stephens et al., 2019; Casado et al., 

2020) are often used to quantify the size and significance of any changes, perhaps pre- and post- an event or intervention, in 

order to evaluate and quantify whether a communication activity was effective.  Statistical analysis can also be used as a tool 445 

to explore the analytics offered by social media channels (e.g. Knudsen and Bolsée, 2019; Skinner, 2020); for example, 

comments on or the number of views/likes of a communication on a YouTube channel could be considered to be a proxy for 

engagement.  Other quantitative approaches could include network analysis (e.g. Narock et al., 2019) from which complex 

patterns in data can emerge.   
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 450 

Textual analysis, in some format, is often the preferred method of qualitative analysis.  Whether through thematic analysis 

(e.g. Illingworth, 2020b), descriptive coding (e.g. Loroño-Leturiondo et al., 2019) or the analysis of text within secondary data 

(e.g. Lacassin et al., 2020), these approaches can offer insight and highlight patterns and themes within the written data.  

Illustratively, quantifying the number of times a theme is alluded to within the text, can be a useful method of pattern 

identification (e.g. Archer and DeWitt, 2021). Some authors have also used self-reflection of their public engagement 455 

initiatives (e.g. Beggan and Marple, 2018) to evaluate an event, outreach, or communication. For example, you might consider 

adopting a formal method of reflection (see e.g. Gibbs, 1988; Kolb, 2015) and use this to contextualise your own experiences 

with that of any feedback that was collated from other researchers and/or participants. Similarly, you might adopt an 

autoethnographic approach, such as that demonstrated by Reano (2020), in which they engaged in critical reflections of their 

own practice and lived experiences to reveal how indigenous research frameworks may enhance the geosciences in higher 460 

education. 

 

It is clear that, in the same way geoscience researchers make use of a wide range of data collection and analytical techniques, 

so to do geoscience communication researchers. The nature of the research will largely determine the methods and techniques 

that are most suitable and appropriate for your research, and should be chosen so as to be congruent with your research 465 

methodology.  

9 Ethics 

The first editorial in GC (Illingworth et al., 2018, p.4) highlights ethics as a requirement of good practice, stating:  

 

All research articles should include an explicitly marked section that considers the ethics of the investigation and 470 

should also demonstrate how the research has received ethical clearance from their research institute or professional 

body. 

 

When collecting data by talking to or eliciting information from ‘human subjects’, it is important to consider the ethics of the 

research and seek (sometimes required) ethical approval before starting data collection. Often a streamlined procedure is in 475 

place at research institutions, the key role of which is to ensure that participants are not being exposed to unnecessary risks as 

a result of participating in the research (Guillemin and Gillam, 2004). This is, consequently, a safety net protecting authors 

without them needing to be an expert in ethics. 

 

In Higher Education Institutions, a board or committee dealing with ethics should also exist. Its name will vary between 480 

institutions and countries, but its purpose is the same; to review your research proposal to ensure that you have considered and 
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suitably mitigated for a range of ethical scenarios that could arise as a result of your research. This ethics board may place 

conditions upon its approval, or reject your proposal if they feel it is too ethically challenging (Healey et al., 2013). If 

institutional approval is not possible, then the ethical guidelines for a country or governing body should be followed 

(Illingworth et al., 2018).  An example of this is the British Educational Research Association (BERA), which provides ethical 485 

guidelines for educational research (see e.g. Flewitt, 2005). 

 

Ethical guidelines in social science research are frequently adopted from the biomedical research community (Tiidenberg, 

2020) and typically focus on ensuring dignity, justice, and privacy for the research participants (Eynon et al., 2008; Pittaway 

et al., 2010) through the processes of “informed consent, confidentiality, and anonymity” (Tiidenberg, 2020: p6) to attempt to 490 

mitigate any potential harm to the participant as a result of partaking in the research. Though the suitability of this process for 

social science has drawn some criticism (e.g. Schrag, 2011; Tiidenberg, 2020) the approach is adopted in many countries 

across the world.  

 

In detail, researchers are usually required to complete an initial form (e.g. found via their institution) during the ethics approval 495 

process. This may prompt them to consider a range of risk factors and offer mitigation strategies, to ensure data will be held 

securely and to ensure confidentiality will be guaranteed for personal data (e.g. for participants from the EU GDPR regulations 

must be complied with).  Risk factors could include: 

 

• collecting data from participants under the age of 18; 500 

• psychological or emotional distress as a result of the questions being asked; 

• potential for disclosure of current, previous, or proposed antisocial or illegal acts of participants or their associates 

as a result of the questions being asked; 

• potential for discussion of personal/sensitive matters that could be harmful to themselves or others; and 

• cultural differences between the researcher and participant that may risk creating misunderstanding or causing 505 

offence. For example, it is important that researchers consult carefully with indigenous communities concerning 

the correct protocols and practices that should be observed during any research that involves them. 

 

Along with the ethics application, researchers are required to submit their data collection tools (e.g. questionnaire or interview 

questions), 'participation information sheets' (or equivalent) and consent forms for review.  Participation information sheets 510 

are required to provide potential participants information about why they have been contacted, what will happen if they take 

part, whether participation is voluntary, how long the survey/interview (for example) might take, if and how they can withdraw 

their data, the potential benefits and risks of taking part in the research, how their data will be stored, how confidentiality will 

be maintained, and what will happen to the data they have provided.  Essentially, this is to ensure they can make an informed 

decision about whether to participate in the research nor not, i.e. that ‘informed consent’ has been obtained by the researchers. 515 
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Typically, researchers are now also required to ensure that the data provided to them by participants will be stored securely 

i.e. using password protection, encrypted files, and/or locked filing cabinets.  New data protection rules, the General Data 

Protection Regulation (GDPR), were brought in during 2018 to protect the data of residents of the European Union countries; 

therefore if you are collecting personal data from residents of the EU, you must have a legal basis for doing so.  For research, 520 

the legal basis is ‘processing in the public interest’ and researchers must ensure a privacy notice about how the data will be 

gathered, stored, and reported is included at the start of the research, typically in the participant information sheet.  

 

Once potential participants have read the participant information sheet, they can then make an informed decision about whether 

to participate in the research or not. If they agree, participants are required to sign a consent form which asks them to confirm 525 

certain aspects before proceeding. Such a form might ask a participant the following questions: 

(i) that they have read the participation information sheet and had an opportunity to ask questions about the research; 

(ii) that they understand participation is voluntary; 

(iii) that their responses will be anonymous; and 

(iv) that they are willing for their interview to be recorded (if required by the researcher).   530 

 

To those unfamiliar with the ethical process, it can, at first, appear arduous.  However, it is a necessary process designed to 

reduce harm to your potential participants and to ensure you, as a researcher, have considered as many possibilities that could 

arise as possible. Guidance and templates are usually offered by the ethics board and rather than being a barrier or delay to the 

research, the boards should be viewed as supportive and facilitative to the research if ethically possible. As discussed in Section 535 

7, collaborating with others who are more experienced in these processes is also recommended.  

10 Widely accessible communication of your research 

After data collection and analysis to obtain results, it is time to communicate your research to a wider public of interested 

parties (e.g. industry, policymakers, researchers from other disciplines).  How to best communicate complex findings to the 

wider public sphere is a key challenge for scientists (e.g. Illingworth et al., 2018), and this is of particular interest to a journal 540 

of science communication like GC. Even to a highly educated and scientifically literate public (e.g. the reinsurance sector), 

the onus largely remains on you as the researcher to make your paper accessible. Success in this is highly dependent upon the 

language you use.  

 

There is an age-old debate on the use of plain language in scientific journals, with at least some consensus on the utility of 545 

plain language summaries to accompany papers (Bredbenner and Simon, 2019; Hauck, 2019). Even if occasional jargon is the 

only way you see to effectively communicate within your field of expertise, you should consider whether it can be eliminated 
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for a journal such as GC, where it is potentially problematic for the target audience. Like other similar journals, the word 

‘communication’ implies interdisciplinary research, including topics such as science engagement and dialogue, science policy, 

and education, with GC also including recent fields such as science-art collaborations. The readership of such a journal 550 

potentially includes a wide variety of backgrounds, who are unlikely to know each other's jargon. If the use of jargon is 

considered unavoidable, you could explain the terms in the text, but you should note that the presence of jargon (pejoratively 

'scientific language') has been shown to interfere with readers’ ability to fluently process scientific information, even when 

definitions of these terms are provided, which in turn affects their interest in and understanding of the science (Shulman et al., 

2020).  555 

 

The appropriate use of tables, figures, and video can also assist clear communication. Well-presented tables and figures can 

help summarize the salient points of your work, making them accessible to different types of users. This could range from 

annotated photographs (Fig. 1b of Lancaster, 2020) to the vast array of geovisualization techniques available including 

animations and interactive software tools for data exploration (e.g. Smith et al., 2013). Animation and cartoon summaries can 560 

also be used to good effect (Hillier et al., 2019c, a). GC also supports the use of graphical and video abstracts, which can be 

used to help reach a wider and more diverse audience. A journal article provides a respected basis for onward dissemination 

via blog posts, posts on social media and other channels.  

11 Take home messages 

Effective geoscience communication is a skill to be learnt, developed, and shared. To be able to improve it as a community, 565 

we need a way to share our experiences of effective and ineffective geoscience communication and one way to do this is 

through research and publications. We offer the following basic framework as a guide to creating research publications that 

can be published in GC: 

 

1. Develop your approach before acting. If you can name the tools or method(s) you intend to use for data collection 570 

and analysis then this is a good sign.   

2. Work out what you’re trying to achieve. 

3. Work out who is your audience is (i.e. who is experiencing or accessing the geoscience). 

4. Before doing any research make sure that you have ethical approval.  

5. By framing and testing a hypothesis, approach geoscience communication in the same way you would approach other 575 

geoscientific research! This is what makes work publishable. 

6. Ask for advice and support if you are unsure - whether from colleagues experienced in social science methods, your 

institutions (e.g. ethics board), or the editors of GC. 
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7. Use appropriate, jargon-free language, with a combination of tables, graphics, animations, and videos for clear 

communication. 580 

 

Good luck! And, if you wish to going further and deeper into the theory and practice of geoscience communication please note 

that much literature and many frameworks exist (e.g. Cooke et al., 2017; Illingworth, 2017; Salmon and Roop, 2019), which 

we do not attempt to detail here as this paper is meant as a gateway, and not a complete guide. 

 585 
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Figure 1: A conceptual model of two plausible, end-member approaches to research associated with geoscience communication 
activities. An integrated approach b) is encouraged, but not obligatory in Geoscience Communication, and we stress that evaluation 720 
of an activity is not the only type of research that is possible. 
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Figure 2: A planning framework for geoscience communication activities, emphasising the presence of the research that makes work 
publishable (light grey) within the wider planning framework that makes it useful and impactful. More or less time, weight, or 
emphasis may be placed on either side, depending upon the authors' resources and motivations, but an integrated approach is 725 
encouraged if possible in Geoscience Communication. [Section X] annotations in grey indicate relevant sections of this editorial 
(below). 
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Figure 3: A typology of project interdisciplinarity (i.e complexity) and stakes (i.e. risk) linked to a zonation of recommendations of 
when it might be necessary to engage with those outside your geoscience discipline (e.g. social scientists, artists, decision-makers, 730 
local communities and so on).  Stakes increasing up the y-axis refers to risk of the likelihood and magnitude of a consequence should 
some error be made increases upwards.  On the x-axis, interdisciplinarity increases to the right, and relates to the number of skill-
sets required for the project to be a success. The bands in the figure can move according to the researcher expertise in different 
disciplines or different issues. 
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