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automation of at least of some of their tasks, as long as support

opportunities to control and personalize this automation

remained. The feedback also revealed the potential value of

automation to discover and incorporate a wider range of expert

voices, depending on geographical location. The paper ends with

preliminary design implications for future semi-automation that

provides digitized support for science journalism tasks, then a

discussion of the paper’s wider research contributions.
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Introduction

Reporting about science faces multiple challenges in what many describe as a post-truth
environment (Davies 2017). Post-truth activities are defined as the public burial of objec-
tive facts by media content intended to appeal to emotion and personal belief (Kaiser
et al. 2014; Wardle 2020). These activities often focus on the credibility and reliability of
science when challenged by the dissemination of misinformation and unreliable material.
High-profile examples include different communications about the effectiveness or other-
wise of hydroxychloroquine to treat COVID-19. Post-truth activities have serious impli-
cations for how more effective science communication and journalism might take place
(Castell et al. 2014).

It is evident that a post-truth world requires robust science journalism. However,
overall numbers of science journalists have been falling (Guenther, Jenny Bischoff, and
Marzinkowski 2017; Rosen, Guenther, and Froehlich 2016; Schafer 2011), and science
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has long been reported to be a lower priority for most media compared to other subjects
such as politics (e.g., Schafer 2011). Resources with which to interrogate science policy,
challenge fake science, and reach audiences needing to be informed by science when
making democratic decisions (Davies 2009) have all been reduced (Goepfert 2007).
Although some argue that science coverage has had a higher media profile since the
late 1990s, and that science journalism has increased in proportion to coverage of
some other subjects (Schafer 2011; Schiinemann 2013), the COVID-19 pandemic high-
lighted frequent failures to counter misleading content, leading to renewed calls for
more trustworthy news on scientific matters (e.g., Lang and Drobac 2020).

One means of increasing trustworthy science journalism is for science journalists to
exploit new forms of digitized support. Digitized support for science journalism is
different to full automation of it. Digitization converts previously hard copy content
into digital formats to be processed by computers. Digitized support manipulates this
content to facilitate its use by humans during tasks. E.g., this support might guide a jour-
nalist to discover and contact scientists with expertise related to a new story. By contrast,
full automation manipulates the science digital content without human intervention. E.g.,
it might automatically generate text in the story based on the published work of a scien-
tist. In this paper, we investigated whether science journalists might use and perceive
value in new forms of digitized support that semi-automate some of their current and
future tasks.

Furthermore, previous research has revealed the presence of sizeable audience seg-
ments that are disengaged with or only moderately interested in science news. People
in these segments often form incorrect views about science from a growing multiplicity
of alternative and often unreliable sources (e.g., Besley 2018; Dawson 2018; Schéfer
et al. 2018). One of the reasons for this disengagement is that the reporting about
science lacks sufficient numbers of experts who are women and/or from diverse
ethnic backgrounds (e.g., Franks et al. 2019). We argue that digitized support for
science journalists has the potential to help them discover more diverse experts who
can engage with disengaged audience segments. However, the existing support—
both digital and otherwise—for journalists to connect more effectively with audiences
by including more diverse scientific voices has been limited. Therefore, in this paper, we
also investigated whether science journalists might potentially use digitized support
that semi-automates discovering and incorporating more diverse scientific voices in
their articles.

The remainder of the paper is in four parts. After defining science journalism and its
challenges, it identifies gaps in research to digitalize and support science journalism,
then it makes a simple case for design science research to innovate and develop new digi-
tized support that implements existing software algorithms. It then outlines a new proto-
type of digital support that semi-automated selected science journalist tasks including the
incorporation of more diverse scientific voices in stories. The paper then reports first feed-
back on this digital support by science journalists working in two different cultures—
Scandinavia and Southern Africa—to explore whether such support can be designed to
be usable and add value, and whether it might be acceptable to science journalists.
The paper ends with answering three exploratory research questions, a review of the
limitations of the reported design science, and outlines implications for new digital
support for science journalism.
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Science Communication, Journalism and Digital Support Tools

Science communication is defined as the organized, explicit and intended actions to com-
municate scientific knowledge, methodology, processes, or practices in settings where
non-scientists are a recognized part of the audience (Horst, Davies, and Irwin 2016). It
includes efforts to communicate the culture of science (Chimba and Kitzinger 2010),
enable laypeople and others with expertise outside of science to communicate about
science (Marsh 2018), challenge science (Dunwoody 2014; Goepfert, Bauer, and Bucchi
2007) and engage through new and emerging formats such as social media, science fes-
tivals and storytelling (Kaiser et al. 2014). Most communication of science does not flow
directly from scientists to the public. Instead, according to reported models (Secko,
Amend, and Friday 2013), it passes through communicators including journalists using
mainstream media channels—channels that remain important portals through which
science news is consumed and trusted (Angler 2017; Davies et al. 2021).

The arrival of new digital technologies means that these traditional forms of infor-
mation exchange with audiences have been challenged (Dunwoody 2014). In the world
of science, as elsewhere, social media technologies have opened up new channels by
which people receive news (e.g., Ginosar, Zimmerman, and Tal 2022). As a consequence,
post-truth groups such as Stop Mandatory Vaccination and agencies like the Heartland
Institute have used these direct means of communication to circumvent mainstream
media and share disinformation that contradicts scientific evidence and undermines
scientific process (Goldenberg 2012). To counter these challenges, we argue that journal-
ists need to evolve their practices to produce science journalism that communicates more
effectively, especially to more diverse audiences who might be vulnerable to inaccurate
information.

This section expands on the existing challenges facing journalism, to provide our
rationale for the design research that follows. These challenges include insufficient
numbers of trained science journalists, barriers to effective journalist-scientist communi-
cation, the lack of digital support for journalists to report science more effectively, and the
observed need for journalists to communicate science to more diverse audiences.

Resources for Science Journalism Are Lacking

Trained science journalists are relatively scarce in the journalism profession. From an esti-
mated 400,000 journalists in the European Union in 2018, only 2500 were represented by
the EU’s Science Journalists’ Association (Nanodiode 2022). Similar ratios can be found in
other regions. One consequence has been that non-science journalists are often required
to report on science-related topics, as demonstrated by the regular coverage of the
COVID-19 pandemic by journalists who previously specialized in politics, economics
and even sports. Unsurprisingly, most of these journalists, on their own, lack the aware-
ness, breadth and depth of scientific knowledge needed to research and communicate
most science stories effectively. It can be treated as one version of the knowledge-
deficit gap (Miller 1983) that sometimes exists between journalists and the scientific
knowledge that needs to be communicated.

One obvious way for journalists to fill this gap and acquire more relevant scientific
knowledge is to talk more with scientists. However, multiple barriers to this
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communication persist. Reasons for these barriers include the perceived roles of scientists
in science communication (e.g., Peters 2013), the need for scientist training to communi-
cate more effectively (e.g., Smith and Morgoch 2022) and the lack of time that journalists
have to engage with scientists in the hyper-competitive age of digitalized news pro-
duction (Maiden et al. 2020b. Indeed, the work of most non-science journalists continues
to be based more on the values of news rather than science. These values promote
working to short deadlines (e.g.,, Dunwoody 2014 Hansen 2009; Lehmkuhl and Peters
2016), more dramatic conclusions, positive results, bias and sensationalism (e.g., Davies
2009; Schéfer 2011; Schiinemann 2013), rather than understanding more complicated
science-related stories (Estelle Smith et al. 2020). Senior figures in science have spoken
about the paucity of effective reporting of science-related stories. E.g., the Head of UK
Research Councils drew attention to the way that science was reported when general
journalists are involved, and called for improvements (Castell et al. 2014). Rather than
seek to challenge these entrenched values but still provide an effective solution, this
paper argues that the smaller number of science journalists need to be more effective
and produce outputs more productively. New forms of bespoke digital support that
semi-automates science journalism tasks might increase this effectiveness and
productivity.

Existing Digital Support Does Not Address Specific Science Journalism
Challenges

Of course, the growing digitization of news production and consumption has already
enabled full automation of some journalism tasks (e.g., Thurman, Lewis, and Kunert
2019), including those specific to science journalism. Full automation has been applied
to, e.g., verify social media sources (e.g., Tolmie et al. 2017), detect deep-fakes (e.g., Soh-
rawardi et al. 2020), and algorithmic journalism to report more quantitative news such as
sport and finance (e.g., Linden 2018). Digital automation can also empower news consu-
mers, e.g., to personalize their consumption to specific sources and topics (e.g., Bodé
2019). However, by contrast, little dedicated automation of or digital support for
science journalism tasks has been reported. Exceptions include the digital tools that sum-
marize academic papers for non-scientific audiences (Tatalovic 2018) and automatically
read research articles, reports and book chapters to breaks them down into bite-sized
chunks for journalists to assess the relevance of quickly (Scholarcy 2022). Other science
journalism examples include content verification tools that check scientific facts. E.g., Sci-
Check is a feature of FactCheck.org focussing exclusively on false and misleading scientific
claims that are made by partisans to influence public policy (SciCheck 2022). However,
although useful, we argue that these tools on their own are unlikely to enable science
journalists to produce science stories more productively.

Nor has much digital support for science journalism tasks emerged from academic
research. One exception (Spangher et al. 2021) developed an ontological labelling
system for science journalists’ human sources based on each source’s affiliation and
role. Estelle Smith et al. (2018) reported different barriers to the current process of scien-
tific media production—Dbarriers that afford opportunities to innovate. Miscommunication
was discovered to occur at four stages (e.g., during interviews and due to media incen-
tives) in the production of science news (Smith et al. 2018). Furthermore, interviews
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with experienced science journalists and communicators about their challenges revealed
that many lacked the time and other resources to write about science-related topics, and
none expected more resources to be forthcoming in their organizations (Maiden et al.
2020b). This surprising paucity of research into digital support for science journalism
tasks led us to conclude that more design science research was needed, to inform the
design of new digital support for science journalism.

Existing Design Science Research for General-Purpose and Science Journalism

Most design science research has sought to inform digital support for general-purpose
journalism. E.g., it has sought to uncover the design implications for digital support for
discovering local news information sources (Garbett et al. 2014), for correcting news mis-
information using high-ranking crowd-sourced entries (Liaw et al. 2013), and for sourcing
user-generated content and interactively filtering and ranking this content based on
users’ example content (Wang and Diakopoulos 2021). More generally, ethnographic
studies of journalist practices have been used to determine the requirements for a new
prototype social media verification dashboard (Tolmie et al. 2017), and a research-
through-design study of uncivil commenting on online news was used to generate
designs that propose to support emotion regulation by facilitating self-reflection
(Kiskola et al. 2021). Of course, the COVID-19 pandemic raised the profile of science jour-
nalism. It increased, e.g., the computational support for science journalism using large
datasets, as sites such as the COVID-19 dashboard at John Hopkins University (John
Hopkins University’s Coronavirus Resource Center 2021) demonstrated. New tools also
emerged, e.g., new-data alerts spreadsheets shared between journalist teams in
different time zones to automate the generation of news about the pandemic
(Danzon-Chambaud 2021) and interactive visualizations to generate narrative maps to
support journalists to understand the wider COVID-19 news landscape (Norambuena,
Mitra, and North 2021). However, overall, this design science research has contributed
little directly to the design of digital support that could be applied, either directly or
indirectly, to science journalism tasks.

Diverse Science Journalism Audiences

Another documented challenge facing science journalism is its failure to engage with
some potential audiences, e.g. low-income minority ethnic backgrounds (Dawson
2018). Recent studies (e.g., Davidson and Greene 2021) have revealed that women con-
tinue to be quoted less often than men in high-profile journals, and that authors with
non-European names were less likely to be mentioned or quoted than comparable Euro-
pean-origin named authors (e.g., Peng, Teplitskiy, and Jurgens 2020). These biases can
reduce the number of scientific voices and role models for science audiences. Reported
interviews with experienced science journalists and communicators about their science
journalism challenges revealed difficulties in discovering diverse sources to provide the
content for their science journalism (Maiden et al. 2020b). The biases that might result
from such reporting can limit not only the reach of science reporting but also science
role models for people in under-represented communities. The reported failure to prior-
itize for science journalism (e.g., Schéfer 2011) is likely to exacerbate these biases, because
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science journalists have limited time and other resources to discover and incorporate
more diverse scientific voices.

Conclusions from Previous Research

Our review revealed that science journalism continues to face pressures. In spite of a step-
change increase in the volume of disseminated misinformation about, e.g., the climate
crisis or COVID-19 pandemic, the numbers of professional science journalists have not
risen, budgets for science journalism have not increased, and non-science journalists
often lack the knowledge and contacts needed to report science-related stories effec-
tively. In this paper, we argue that these constraints require the sector to explore alterna-
tive solutions. Digitized support has the potential to semi-automate some tasks in ways
that still enable science journalists to express their editorial voices (e.g., Lopez et al.
2022). However, little bespoke support is available for science journalists to use.

Therefore, this paper reports new design science research undertaken to prototype
then evaluate one form of new digitized support that science journalists could use
both to be more productive and to discover more diverse scientific voices—voices
sought by the public to communicate science (Nguyen and Mcllwaine 2011). However,
rather than use ethnographic techniques (e.g., Lopez et al. 2022) and qualitative research
interviews (e.g., Linden 2017) to collect data about current practices and attitudes, we
implemented a design science approach—one that designed then investigated an arte-
fact that interacted with a problem context to improve something in that context (Wier-
inga 2014). Design science provides tried-and-tested approaches for exploring
technological advances in different work contexts. Therefore, this paper reports how an
existing digital tool was extended to generation a new digital prototype used to
explore whether its support might have the potential to be usable by science journalists
and to add value to science journalism tasks. The design science approach was formative
rather than summative, and used the digital prototype as an artefact to probe journalist
responses to future possible digital tools. It sought to make science journalists aware of
semi-automation now possible through the emergence of new technologies, in a form
that was tailored to their work tasks.

Prototype Digitized Support for Science Journalism Tasks

This section reports two versions of one prototype that provided digital support for jour-
nalism. The first provided existing digitized support for general-purpose journalism that
was the baseline for the reported design science research. The second was an extension
to this prototype that provided digitized support for science journalism tasks.

The existing digitized support for general-purpose journalism tasks was delivered
using a tool was called JECT.Al. Two of this paper’s authors were directly responsible
for this tool’s design and implementation. JECT.Al was a research-based tool designed
to support general-purpose journalists using semi-automation that discovered new
content and angles for articles. As such it was an example of a computational news dis-
covery tool (Diakopoulos 2020). It automated some but not all journalism tasks that jour-
nalists might undertake when researching and writing new stories. The automated tasks
included the retrieval of related published news articles, the generation of possible new
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angles for stories, and the presentation of sources with which to explore each new angle.
To deliver this automation, JECT.Al integrated natural language processing, creative
search, and interactive guidance to discover information in published news stories and
support journalists to form new associations with it (Maiden et al. 2018, 2020a). The
tool had already been developed using design science techniques that had implemented,
evaluated and refined earlier versions of the tool in different newsroom contexts (Maiden
et al. 2020b). Like most forms of digitized support, it was designed to support specific
tasks. Other tasks, such as identifying a scientific consensus on a topic were not
supported.

Consider the following typical example of JECT.Al use by a general-purpose journalist.
The journalist was asked by their editor to produce an article that took an unusual angle
on a forthcoming G7 climate crisis event, to be published on the eve of the event. This
schedule gave the journalist some time to research the story and explore novel angles
for it, so she chose to use JECT.AL She could access it either via a web browser from a
bookmarked URL, as shown in Figure 1, or if she wrote her stories in Google Docs, she
can choose the JECT.Al sidebar that appears on the right side of the text editor. She
could then enter some terms that describe her current topic—G7 climate crisis—and
browse different interactive cards that present different content and angles generated
for those terms. JECT.Al enabled her to drill down into these content and angles and,
when needed, copy source URLs and angle ideas across into her Google Docs file, to
develop later.

An example of this interactive digital support is depicted in Figure 1. The fictitious jour-
nalist has entered natural language terms describing the topic of interest (e.g., “G7 Climate

g Jectal G7 climate crisis
Time: month Order: Refevance

Bekngueiameel) O indidunl

JECT has discovered more than 301 related stories JECT.AI has identified interesting combinations of topics
to think about

182 of these are positive

Explore new angles that many wiite about Explore news angles that might involve James Hansen, National

Geographic Society, Salt Lake City, Wildfire and G7 climate
=D
angles that might invol h Kaufr

Explore new angles that some write about '
Institute of Technology, Utah, Fossil fuel and crisis.

nisrovermentlPane o it Chaoe oy
et o i) o) o @ I S —
-3

D O CD D

Explore news angles that might involve Robert Puentes, NASA, Great
Plains, Intergovernmental Panel on Climate Change and G7 climate.

A explore new angls that only afew write about oot Pueries
D D D e e
Gimate change migaion Y 0reaon Y Methone

Stop blaming yourself for the climate crisis Whatis the future for fossil fuel investments? The climate crisis could overwhelm subway systems
L] L] L]

With the IPCCSs latest re g that time is running out to avoid H Terrified passengers trapped in flooded subway cars in Zhengzhou,

Figure 1. Screengrab from the existing JECT.Al digitized prototype showing the generated landing
card (A), combinations card (B) and multiple article cards (C) generated for the topic term “G7
climate crisis”.
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Crisis") into the top search bar. In response, JECT.Al's algorithms automatically generated
guidance to augment the journalist’s thinking about the topic. The journalist was able to
direct this guidance using interactive features that controlled the strategies (e.g., evi-
dence-based or human angles), time periods (e.g., over the last month or year), and
types of information to manipulate (e.g., published news sources or scientific publications).
Each of these features was designed based on practices reported by experienced journal-
ists for discovering angles on stories. In response to the topic terms and feature settings,
the tool presented the results of its automation using different interactive cards, shown
(A) to (C) on Figure 1.

The landing card (A) presented possible new angles for stories generated by the tool’s
automation. It reported the total number of discovered articles out of a sample total,
those that were rated to have positive sentiment based on an automated sentiment
analysis of each story, and the angles covered in most discovered articles, some of
these articles, and a few of these articles. Each of these discovered angles was generated
using different frequency counts across the total number of discovered articles. E.g.,
angles covered by most angles had high counts and angles covered in only a few had
lower counts. By clicking on one of these angles, the tool presented more information
to support the journalist to discover new ideas for angles. The combinations card (B) pre-
sented different possible combinations of these same angles, and was generated in
response to the entered topic terms. Each of the individual article cards (C) presented
content from one automatically-discovered article including the title, publication, date,
summary text and 10 selected possible angles. Clicking on the title opened the original
article, at source, and clicking on each angle generated further interactive guidance for
the journalist to consider.

To undertake these more sophisticated and divergent creative searches, JECT.Al was
designed to pre-process selected information about each the news stories that it discov-
ered, and to store this information in what was called a creative news index. This index
was populated by indexing millions of verified news stories as possible starting points
for discovering new angles on stories from selected open RSS feeds and accessible news-
papers’ archives. At selected periods in each day, the tool automatically read each new
story in over 1200 RSS feeds, generated some index terms for it, and added these
terms for each of them to the index. These feeds pushed news content from over 400
different news titles, all selected by the JECT.Al editorial team. In March 2022, the index
stored semantic information from over 23 million news stories published over six years.
It was this indexed information that JECT.Al manipulated to automate the generation of
new angles and content for journalists.

How the New Prototype Discovered Scientific Content

To develop a new version of this prototype to automate science journalism tasks, the
existing JECT.Al tool was extended to index scientific papers that might support science
journalists in their work. As with the existing JECT.Al tool, the extension was designed
and implemented by two of this paper’s authors. And this time, our fictitious journalist
was asked to produce the article with both unusual angles and more diverse voices.
Again, the schedule gave the journalists time to explore novel angles and voices for it,
so she chose to use the extended version of JECT.Al. To support this science journalism
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task the creative news index was extended to include information about over 175,000
scientific articles and papers published in over 50 scientific titles. This technical extension
was designed to semi-automate at least four tasks that science journalists would other-
wise have undertaken themselves with existing digital tools that offered less support
specific to science journalism: (1) discovering news articles and scientific papers related
to their stories; (2) comparing discovered articles and papers to determine their relevance
to each other; (3) reading each article and paper to extract key themes and qualities such
as sentiment, and; (4) generating candidate angles for their story. Moreover, the extension
was implemented so that science journalists remained the dominant agents in the pro-
duction of science journalism, consistent with other recent studies revealing meta-
requirements on digital support for science journalism (Milosavljevi¢ and Vobi¢ 2019).

How the New Prototype Discovered More Diverse Science Voices

In addition, to support science journalists to discover more diverse scientific voices, a new
interactive intelligence card and its related automation was designed and implemented.
Each card presented up to 20 people (typically journalists) who had published news
articles related to the science journalist’s topic, and up to another 20 people (typically
scientists) who had published relevant scientific papers and articles. Rather than list
these people according to relevance or number of publications, it recommended more
diverse voices by presenting lists computed to have an equal number of both male
and female first names and European and non-European surnames. It was assumed
that these lists would encourage and enable science journalists to overcome at least
some of the reported gender biases (e.g., Davidson and Greene 2021) and ethnicity
biases (e.g., Peng, Teplitskiy, and Jurgens 2020) in science journalism.

The intelligence card was implemented in the new version of the prototype next to the
revised landing card that presented the science angles and content, see Figure 2. It pre-
sented the two lists of names, plus a list of discovered Twitter accounts related to the
entered topic terms. If the science journalist clicked on one of these names, the card pre-
sented the title of one user or story that the named person has written, as also shown in
Figure 2. Furthermore, if the journalist clicked on the Explore More button, the prototype
launched Google web searches using the name if the person was a journalist, and Google
Scholar searches if the person was a scientist, to discover their publications and profile.

The card also offered features that allowed the science journalist to view different inter-
active visualizations about the ethnicities and gender of the discovered names. E.g.,
Figure 3 shows a pie chart visualization of the genders and ethnicities of the wider sets
of discovered journalists and scientists writing about the entered topic.

The names of the publishing journalists and scientists presented on the intelligence
card were computed using a new automated algorithm. Use of this algorithm was a delib-
erate decision to increase the tool’s level of digitized support, albeit of a task that too few
journalists were undertaking regularly. First of all, the new algorithm extracted the names
of journalists who had written the discovered news articles by identifying proper names
that explicitly designated the author(s) in an article. The result was an unordered set of
names composed of first name and surname. The names of scientific authors were
extracted from retrieved academic papers using SerpApi’s Google Scholar service
(SerpApi 2022), which used the query to search for scholarly literature and simply extracts
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Figure 2. The new prototype’s intelligence card, presented to the right of the landing card, and
showing pop-up information about one of the discovered scientists.

the authors on the top 20 academic papers. The result was also an unordered set of names
composed of first name and surname. A third service, called NamSor (Namsor 2022), then
attributed the probabilities of the gender and cultural origin of each name in each list
using a dataset of over 5million names. Finally, using the most probable gender and

JECT HAS DISCOVERED THE LIKELY ETHNICITY OF THE DISCOVERED JOUNALISTS &
SIENTISTS

Think about including voices from some of the under-represented countries or regions

— i —urmese

Figure 3. The new prototype’s intelligence card’s visualization features, revealing the different ethni-
cities of names of scientists writing on the entered topics.
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cultural origin of each name, the algorithm generated two lists, one of retrieved journal-
ists and one of retrieved scientific authors. Each list was composed of up to 20 different
names. Each list was intended to be composed of equal amounts of female and male first
names, and equal amounts of European and non- European surnames. It was these lists
that were presented on the card to support science journalists to find more diverse
voices for their stories.

The new card increased the digital support for at least three tasks that science journal-
ists otherwise often undertook without specialist support: (1) discovering journalists and
scientists who have published work related to their stories; (2) reviewing these journalists,
both individually and as a group, to filter them according to gender and ethnicity, and; (3)
discovering articles and papers written by these journalist and scientists related to their
stories. As with the original version of JECT.Al, the science journalists were expected to
remain the dominant agents in the production of the science journalism (Milosavljevi¢
and Vobic 2019).

Having designed the new prototype for use in the context of science journalism, we
then investigated how science journalists might interact in it to improve their completion
of identified science journalism tasks.

Feedback on the Prototype Digitized Support for Science Journalists

The new digitized prototype was made available for use by science journalists. In this
paper, we report feedback from more experienced science journalists working in two
different regions—Scandinavia and Southern Africa. We took a deliberate decision to
collect feedback from science journalists working in different contexts that might have
provided different perspectives on digital support and its role in this work. Due to the
paucity of time available to most science journalists (Maiden et al. 2018), we ran two work-
shops—the first with three science journalists working in Scandinavia and the second
with 11 science journalists in Southern Africa. These workshops, rather than a larger
number of interviews with individual journalists, offered both a more cost-effective and
valuable form of first engagement for the science journalists, who were able to share
and engage in constructive interactions with each other as well as the researchers.
Each workshop transcript was analyzed to investigate three exploratory research ques-
tions about the prototype’s automation and digitized support for science journalists
during the identified tasks:

RQ1: Is it acceptable to experienced science journalists?
RQ2: Does it have the potential to support experienced science journalists in their work?

RQ3: Does it have the potential to support these science journalists to discover more diverse
scientific voices?

Feedback from the Science Journalists Working in Scandinavia

First of all, three science journalists working in Norway, Sweden and Denmark, each with a
minimum of ten years of professional experience, participated in one online workshop to
explore and discuss the prototype’s digitized support for their work.
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Workshop Method

One of the authors ran the online workshop to present, demonstrate and elicit feedback
about the automation and the interactive cards. The workshop took place online using
Zoom, and lasted for 90 min. Several days before the workshop the science journalists
(respondents A, D and R) were emailed with the link to the prototype, asked to generate
user accounts and explore the tool in their work. During the workshop the author pre-
sented the prototype’s digitized support and demonstrated the landing, news and intelli-
gence cards using examples about Ukraine Chernobyl and Ukraine chemical weapons. The
audio transcript was analyzed for feedback about each presented card and the semi-auto-
mation of the tasks. A simple thematic analysis of the transcript revealed topics such as
reactions to automation, likes, dislikes and desired new features related to each card. In
this paper, we report selected participant comments on these themes related to the audi-
ence and intelligence cards.

Workshop Findings

Two of the respondents, A and R, had reported using the digitized prototype prior to the
workshop, and their experiences were positive. Respondent R reported: “/ typed in some
keywords and got a few a few results and it looks, it looks nice, the interface was intuitive
and okay.”, and respondent A said: “So it’s really nice to follow and also is there, like so
what when it, so the Al technology is searching for relevant articles, like all around the Inter-
net, | guess.”

All three respondents talked about advantages of the landing card and its visualiza-
tions: “I think this is a nice tool, because it gives me a lot of source material, it has been
sorted for me, and in a very understandable and reasonable way and, if | can quickly go
to the different sources and have a look, | sort of get this overview™ (R), “I think | like it,
especially the concrete suggestions for other stories directly to the media, | think that's
and, of course, citizens on new angles” (P), and “I guess you can avoid a lot of biases due
to, you know, due to the charts, which is nice. You can also use it in you know you can
use it as a reference as well” (A). The respondents were also positive about the automation
underlying the revised landing card. Respondent R said: “In my view, it’s a search engine.
We do this, we use sort of Al all the time, using Google searches so | don't view it as funda-
mentally different” and “For some time, this is how we did this is how we work. I've been
working as a journalist for many years and we had this mechanical sort of a way to start
to dig into to a topic”. Respondent A made similar comments: “I'm not afraid of Al technol-
ogy ... You know people have different opinions on it. As R has already said we'’re already
dealing with Al on daily basis, and obviously this one seems very helpful”’. However, A
was still concerned about how other journalists might perceive the automation: “Maybe
a traditional journalist could argue that it kind of repressing the human-to-human view of
that article on that issue. But | don’t think personally needed”, and: “Obviously, like, if you
want to [write] more on-field articles, then the interviews ... this should be also included
and they say, | cannot do. But, as a research tool, it really is really helpful”.

Respondent R expressed a strong need for a more personalized version of digital
support: “Personalization. That’s top of my list. | can modify the source list and the
sources that you are looking into and that they can that they can keep some of that

[

result, it gives me in a personal bin on record”, “ ... if this tool could sort of learn what I'm
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looking for by my way of using it, and on and on that you're having a list option that it's more
tailored to how | feel about this topic”, and: “after working with a topic for some time, you
tend to want more personal views ... . So it might be that that after using this tool for a while
that would feel the same as on other than that ... but for the time being, being new to this. |
don’t | don't see that as a problem”. The other respondents supported this need for more
personalization of the prototype’s digitized support.

All three respondents also made positive comments about the prototype intelligence
card, e.g.: “I like it.” (R) and: “But you know yeah, the thing is, is can be hard, a lot of time
spent on finding sources that are willing and having the time to talk to you. When you have
experts are active on Twitter, usually there are some of the more easily accessible” (P). All
three reported that the problem that the card was designed to overcome—finding
science sources to include in stories—was a problem that they faced regularly in their
work.

However, respondent R also reported the need to record new angles and voices during
a session: “Can I sort of make my own little bin on top and drag interesting names, interesting
angles into a little bin and keep it keep it for later? ... The way | do this that | have my sources
in a number of tabs on top of my window, and | jumped from tab to tab ... . But if it could
have more not only one article or one source, but have a have a bunch of articles written by
an interesting person, for instance, or an angle that you have come up with sort of relatively a
hand it would be perfect would really like that.”. Respondent A supported R’s request: “if
you can save articles for later, or is there any option is. As you know that | can come back
to the article, and that would be nice”.

Feedback from the Science Journalists in Southern Africa

To provide an alternative geographical perspective on the prototype’s digitized support,
science journalists in Southern Africa participated in a second workshop that used a
similar method to the first.

Workshop Method

Two of the authors ran the second workshop. A total of 11 experienced science journalists
from South Africa participated—all but one was based in that country at the time. Most
were highly experienced science journalists, with longstanding backgrounds in the field
of science reporting. Again, the workshop took place online using Zoom, and lasted just
over 2 h. Several weeks before the workshop, each of the journalists was emailed with the
link to the prototype, asked the generate user accounts and explore the tool in their work.
Several reported having done so. During the workshop, one of the authors then pre-
sented the prototype and demonstrated the landing, intelligence and news card’s
support for their work using an example about deforestation in Africa. The workshop
audio transcript was then analyzed to uncover the same themes as in the first workshop.

Workshop Findings

Again, none of the journalists raised concerns about the task automation behind the pro-
totype’s cards. Several asked questions about tool’s algorithms, e.g., the input news
sources that it manipulated and comparisons to use of search engines in Google and
Google Scholar, to understand better the nature of the automation.
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Unlike in the first workshop, the demonstration of the intelligence card resulted in con-
siderable interest and feedback. Many of the journalists recognized the science journalism
challenge that the card had originally been designed to solve. However, from their per-
spectives in Southern Africa, several reported that many of the scientists who were avail-
able to connect with using existing journal publications and tools such as Google Scholar
were too European-centric. E.g., respondent M reported: “One of the things that | find frus-
trating, and I'm sure other people do to is, when you go looking for African science about an
African subject, you're constantly getting shunted back to the mainstream establishment ...
the global north publications, and the global north sciences. ... [But] there is a hell of a lot
science done on African soil, and | think that it is important that we highlight that".
Indeed, this European-centric focus was recognized to create a degree of misinformation
about available scientists. E.g., respondent A stated: “We all think that there is a dearth of
African scientists. And actually, that’s not true, it's just that they've not been brought into the
fold. They’ve not been seen as a priority. And, in fact, just to underscore what everyone has
been saying, that, you know, when | just think about South African countries and South
African scientists, it is incredible the amount of knowledge that is here, and the amount of
work that is being done”. These challenges were revealed to be general ones, impacting
science journalists from other regions—e.g., respondent M said: “And I'm fairly sure
from discussions I've had that people such as science journalists in South America, and in
places like Malaysia, would agree, that you would like something that enabled them to
say, specifically, I'm looking for people in my area”. The authors concluded that these
experienced science journalists, as a group, recognized the need for the intelligence
card, although the algorithms generating its content needed to be extended and refined.

Most of the science journalists reported that the card’s information about discovered
scientists and Twitter feeds was more valuable than the information about journalists
reporting on similar topics. Respondent A said: “Just to say, | think that Twitter connections
are great. | think that’s excellent.”, and: “There is an incredible need for journalists on the
ground in these other countries that are looking to connect with scientists on the continent.”.
Likewise, respondent M stated “I don’t only want people from the global north, | want
people from Africa talking about deforestation in Africa. So that | get to look at papers
that are not all written by African scientists, but there are African scientists in that paper,
as authors, that we can then get hold of. It is much better to be talking to people from
your own area, and continent. It is also one of the reasons that African science does not
get highlighted.”. Other journalists broadened this need to science journalists from
other regions, e.g., from respondent S: “I don’t see why that’s just for African journalists. |
think that, if people are going to be writing about the topic of African continent and
African countries, European writers should be speaking to African scientists, should be speak-
ing to people on the ground. Because that makes journalism better. Their journalism is poorer
for only seeing people who are only in their context, and science only done by people in their
context. In fact, that is the great benefits that this could have”. Respondent S finished by
saying that the prototype was: “a discovery tool of non-European scientists and journalists.”
The authors identified this concluding remark as broadening the required remit of the
intelligence card, by perceiving its value for non-European science journalists to
connect with local scientists.

Given this feedback, it was not surprising that some of the journalists argued that the
card’s current automation and interactive features needed to be extended. One of these
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extensions was to discover and present journalist based not only on their name but also
their location. Respondent A summarized this emerging need: “I think that location is really
important ... so scientists gathered in Kemri, e.g., in Kenya, or UCT in Cape Town, or the
various institutes, | think it’s really important” The workshop participants also discussed
different scenarios that future versions of the card should support. One was to discover
scientists who are originally from Africa but now working for institutions beyond the con-
tinent on local topics. Another was to discover non-African scientists who are now
working at African institutions on local topics. As part of the discussion, it was recognized
that new automated algorithms would be needed to combine the probabilities of names
from different origins with institutions in similar or different regions.

Finally, the feedback also revealed existing challenges when connecting with discov-
ered scientists. E.g., respondent A said: “It is because | think that is about ‘connecting’. So
it is that thing about connections to people in the same area, or across borders and so on.
You know, for me, to try and get hold of a scientist in the United States is an incredibly frus-
trating process. | think that it has also got something to do with ease-of-connection.
Especially for young journalists” Several respondents argued that “Google Scholars is a
good page to land on.”, but then identified the need for more information to connect jour-
nalists to scientists more easily.

Conclusions, Design Implications and Discussion

The applied and design research reported in this paper has revealed that the existing digi-
tized support for science journalists is surprisingly limited (e.g., Smith et al. 2018, 2020;
Tatalovic 2018). In response, new design science research was undertaken that semi-auto-
mated some science journalism tasks so that science journalists might work and discover
more diverse scientific voices efficiently and effectively. This design science approach,
which developed digitized prototypes for science journalists using existing algorithms
such as NamSor (NamSor 2022) from beyond journalism research provided a valuable
probe with which to contextualize and explore possible new forms of digitized
support. These forms offered different capabilities to the existing digital automation avail-
able to support journalists (e.g., Sohrawardi et al. 2020; Tolmie et al. 2017) and tools sup-
porting journalists to undertake science journalism tasks such as Scholarcy and
FactCheck.org. In spite of a literature review, the authors were unaware of any other
digital tools that support journalists either to discover new angles on stories or more
diverse voices for these stories.

The results from a first investigation into how 14 experienced science journalists might
interact in with a new prototype enabled us to draft tentative first answers to the three
research questions:

RQ1: The prototype’s semi-automation that supported the identified science journalism tasks
was acceptable to the experienced science journalists;

RQ2: This semi-automation had the potential to support the experienced science journalists
in their work;

RQ3: The digitized prototype that offered this semi-automation had the potential to support
science journalists to discover diverse scientific voices, although interestingly, the roles of the
semi-automation varied by journalist locations.
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We were initially surprised by the extent to which the prototype digital support was
reported to be acceptable to the science journalists. Some of them reported already
using tools such as Google, Google Translate and Nero Al, and the workshops revealed
that the prototype had the potential to assist science journalists with limited support,
time and resources (Guenther et al. 2017; Rosen, Guenther, and Froehlich 2016; Schéfer
2011). That said, as reported in Linden (2017), journalists have shown surprisingly
strong capacities for adapting to and mitigating new technologies, and the science jour-
nalist responses to the digitized prototype might another example of this. One possible
reason for this was that the semi-automation of selected tasks had been designed to
allow science journalists to retain control over the outcomes produced by it, consistent
with principles outlined in (Milosavljevi¢ and Vobi¢ 2019). Beyond journalism, Shneider-
man (2020) reported that effective human-centred artificial intelligence should provide
users with high levels of control alongside high levels of automation. Our digitized pro-
totype’s design was consistent with these principles, as it excluded algorithms that auto-
mated writing or could be perceived as robot journalism (e.g., Linden 2018). The research
also revealed how new forms of digital support can contribute to increased audience
engagement (e.g., Besley 2018; Dawson 2018; Schafer et al. 2018) by discovering scientists
better placed to engage with different science journalism audiences.

Furthermore, beyond these initial findings, the authors sought to understand whether
the prototype’s digitized support might have been consistent with established values of
science in science journalism—uvalues such as objectivity, honesty, openness, accountabil-
ity, fairness and stewardship. The authors reflected on the reported findings and judged
that future regular prototype use has the potential to contribute to fairness, by reinforcing
a system in which trust among the parties and in science can be maintained through
easier access to these people. Furthermore, this use also had the potential to contribute
to stewarding the dynamics of relationships between different people in research, by sur-
facing then supporting the management of more diverse networks that science journal-
ists need to maintain. The use might also contribute to greater openness, access and
transparency by presenting more information relevant to scientific decisions or
conclusions.

Threats to Validity

The reported design science research is preliminary, and there are clear threats to the val-
idity of the conclusions drawn from it. E.g., the semi-automation of the selected science
journalism tasks was coded in a single prototype, so our conclusions are limited to that
prototype’s design and implementation. Only some science journalism tasks were sup-
ported, so our conclusions cannot be extended to other tasks such as networking or inter-
viewing scientists about their research. Moreover, most of the workshop feedback was
collected from a self-selecting group of science journalists—ones more experienced
and willing to provide feedback on digital support. Feedback from less-experienced
science journalists and those perhaps more resistant to automation is also needed to
broaden our results and validate our conclusions. Most importantly, the workshop
format did not collect data about first-hand tool use—data that is more likely to reveal
possible limitations of digital support for science journalism tasks in work contexts.
Instead, this research sought to elicit first evidence for the designed semi-automation
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prior to running longer-term studies of its use by science journalists that are planned, to
understand the strengths, the weaknesses and the emergent outcomes of it.

Design Implications for Future Versions of the Prototype

The design science research also revealed new requirements for the digitized prototype—
to allow science journalists to customize both these sources and the semi-automation
used to discover angles and voices, and enable them to save discovered content,
angles and voices. In simple terms, these requirements revealed that the prototype was
expected to support the contextual model of science journalism (Secko, Amend, and
Friday 2013) and inform communities and individuals about science as it relates to par-
ticular contexts. Furthermore, to overcome the perceived bias towards the “global
north”, the prototype will also need to be extended to discover scientists with local ethni-
cities working in local institutions. This could be achieved by, e.g., linking users to one or
more regions for which the card can discover information about. The current automated
algorithms can be refined to discover information specific to regions and countries, using
NamSor’s (Namsor 2022) fine-grained name ethnicities (e.g., South African, Cameroonian,
Burkina Faso) within predefined UN regions such as Southern Africa and Western Africa.
Moreover, the algorithms can link author addresses to these regions, as well as extract
email addresses and university webpage URL of the discovered scientists, to support
quicker connections.

Towards a Better Understanding of Science Journalism Diversity

Finally, whilst the journalists in Scandinavia recognized the need to connect more with
experts who are women and/or from diverse ethnic backgrounds (Franks et al. 2019),
the journalists in Southern Africa reported an important “global north” bias based on
the algorithm’s crude distinction between scientists with European and non-European
names. Other definitions of diversity were reported that recognized factors such as scien-
tist background, education and work location. As we report, our automated algorithms
can be adapted, but first new research will be needed to capture how science journalists
in different geographical and cultural contexts define voices that are diverse and/or
engage with local audiences. Although some research has reported science journalism
challenges in the “global south” (including dependencies on foreign sources) (Nguyen
and Tran 2019) and the potential for automation to serve science journalism in Africa
(Tatalovic 2018), it does not define types of diverse or more engaging audiences. The
new research will intersect with themes of indigenous journalism. Whilst gender differ-
ences in the required appearance of news anchors on-air have been reported (Newton
and Steiner 2019), indigenous journalists have reported difficulties when working in main-
stream outlets that have erased and misrepresented indigenous voices, communities and
concerns (e.g., Callison and Young 2020). New definitions of diversity need to include indi-
genous scientists and journalists. Therefore, in the next phase of this research we will also
exploit online questionnaires as well as workshops with science journalists globally to
define voices that are perceived as diverse and/or engaging with local audiences,
before designing more advanced algorithms to semi-automate as part of the prototype'’s
digitized support.
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