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Abstract
A growing number of scientific publications is available to promote sustainable river management. However, these pub-
lications target researchers rather than water management professionals who are responsible for the implementation of 
management practices. To bridge this science-to-practice gap, we conceptualize and propose a series of steps to prepare 
effective storylines targeted at a practitioner audience. We developed this approach within a research program that supports 
integrated and collaborative river management. We prepared three storylines, each based on one scientific publication. The 
storylines combined text and interactive visuals using the ESRI StoryMaps tool to make them available online. Via focus 
groups with 44 participants from research and practice, we evaluated the perceived usefulness of and engagement with the 
content and design. We collected feedback from participants using a survey as well as via audio and screen recordings. Our 
findings show that we should narrow down the audience of the storylines by tailoring them to the needs of project managers 
rather than specialized advisors. Therefore, the content should offer more than a visual summary of the research by showing 
examples of the management application. A more engaging sequence with a clear protagonist is further required to better 
relate to the problem and the potential application. Although visuals and interactive elements were considered attractive, a 
multi-disciplinary editorial team is necessary to better complement the visuals’ design to the text. The level of detail of par-
ticipants’ feedback shows that involving project managers to co-create storylines can be an important step for improvement.

Keywords  Effectiveness evaluation · Environmental management · Narrative visualization · River research · Science 
communication · User-centered design

Introduction

Communicating scientific research on sustainability goes 
beyond informing and awareness raising (Newig et  al. 
2013). Its ultimate goal should be facilitating the discus-
sion and shared understanding of available knowledge to 
improve management practices (Lindenfeld et al. 2012). Sus-
tainability science often addresses this goal by facilitating 
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knowledge exchange between researchers and actors from 
multiple disciplines and backgrounds such as practitioners 
(i.e. project managers and advisors among other interested 
professionals) (Schneider and Buser 2018). One of the key 
challenges of science communication is to improve the 
accessibility of research to practice so that we can discuss 
the management problem with multiple actors and promote 
the contribution of research outputs (Djenontin and Meadow 
2018; Roux et al. 2006).

Despite the increasing number of (open access) scientific 
publications, accessibility is not only about the timely and 
online availability of these publications (Cvitanovic et al. 
2015). Accessibility also means tailoring available knowl-
edge into formats that practitioners can better engage with 
and that enables them to identify what is useful for their 
work (McInerny et al. 2014). Currently, two mismatches 
impede this second dimension of accessibility. First, the 
content and format of scientific publications do not align 
with a practitioners’ focus on the goals and implications for 
management (Cvitanovic et al. 2014). Researchers are often 
more concerned with developing new knowledge, tools, 
methods, or models to advance science rather than tailoring 
their results to a non-scientific audience (Borowski and Hare 
2007). In addition, the use of jargon often privileges those 
who are familiar with the specific terms and level of detail 
(Leggett and Finlay 2001). Second, management actors such 
as project managers and advisors have their own knowledge 
and expertise (Witting 2017). They have different sources 
of information and limited time to identify the usefulness 
of scientific knowledge (Cairney and Kwiatkowski 2017). 
Their perceptions of what is useful do not only rely on the 
relevance, credibility, and legitimacy of available knowledge 
(Cash et al 2003) but also on their management roles, inter-
ests, and beliefs (Lemos et al. 2012). Visuals and storytell-
ing (among other strategies) are a means for sustainability 
researchers to narrow this gap by supporting practitioners 
in increasing their understanding of, and their interest in, 
research outputs (Maher et al. 2018; Young et al. 2016).

Humans have used storytelling and visuals to convey 
information for millennia (Krzywinski and Cairo 2013). In 
the Internet era, researchers increasingly communicate their 
work by combining short texts with appealing and (interactive) 
visuals (Figueiras 2014). Attention to visual storytelling and 
data visualization is growing in environmental communica-
tion to, for example, represent changes over time and space to 
multiple audiences, such as management actors (Herring et al. 
2017; Stephens et al. 2014), students (Berendsen et al. 2018; 
Cope et al. 2018), and the public (Bednarek and Caple 2010; 
Cairo 2013). In turn science communication involves concep-
tual challenges to define the necessary approach for a given 
audience (Jones and Crow 2017). It further involves methodo-
logical challenges to evaluate its effectiveness for the intended 
purpose (Downs 2014). There are also ethical challenges for 

increasing understanding and interest while conveying accu-
rate and transparent information (McInerny et al. 2014). This 
is particularly important when addressing environmental prob-
lems that are contested and have multiple interpretations by the 
variety of actors involved (Brugnach et al. 2011). Data visuali-
zation in non-scientific contexts often employs user-centered 
and collaborative design approaches to meet the preferences of 
audience groups (Grainger et al. 2016). However, there is still 
a lack of empirical evaluations of the effectiveness of visual 
storylines to communicate scientific findings to practitioners 
working in funding agencies, governments, and consultancies 
(Kosara and Mackinlay 2013). Moreover, science communica-
tors and researchers working on sustainability issues need to 
be aware of the opportunities and challenges of implementing 
a given approach at the science-practice interface (Evans and 
Cvitanovic 2018).

Our objective here is to conceptualize a series of steps to 
prepare visual storylines and to evaluate the effectiveness of 
the storyline content and design. Following the exploratory 
study of Cortes Arevalo et al. (2019), we define storylines 
in this context as an online, visual, and scrollable overview 
of the contribution of research to practice. The storylines 
address a multi-disciplinary audience of project managers, 
advisors, and other interested professionals involved in the 
implementation of river management strategies. To inform 
our approach, we first identified principles of visual story-
telling from the literature and conceptualized the way it may 
influence the science-practice interface. Next, we applied 
this broader understanding to prepare three storylines and 
evaluated their perceived usefulness and engagement via 
focus groups to answer the following research questions:

1.	 How do participants perceive the usefulness of the sto-
rylines for communicating river research?

2.	 How do the specific content and design influence par-
ticipants’ engagement with the storylines (i.e. ease of 
understanding, attractiveness, and navigation)?

3.	 What can we learn from the content and type of feedback 
that participants provided?

Based on our findings, we identify key suggestions for 
improving the storyline content and design. Finally, we dis-
cuss the results and the limitations of our study while reflect-
ing on the process to prepare the storylines to inform future 
applications for the communication of sustainability science.

Visual storytelling at the science‑practice 
interface

Visual storytelling includes a single or a collection of 
visuals (i.e. images, visualizations, or any combination 
thereof) that are either part of a larger text or have little 
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or non-accompanying text (Figueiras 2014). Since there is 
no unique approach or definition, learning how to make an 
effective visual storyline is a process that implies a number 
of steps and choices for the content and design. In this sec-
tion, we inform our approach from the literature in science 
and environmental communication to identify key principles 
for preparing storylines at the science-practice interface:

Defining the audience and goal

The first key principle of storytelling is related to the 
intended audience and goals (Davidson 2017). In gen-
eral, three types of audiences can be identified: (i) a sci-
ence-informed audience who reads or actively seeks out 
for research or technical findings; (ii) a science-interested 
audience who is willing to invest some time in learning 
about research findings; and (iii) a residual not interested 
and not necessarily well-informed audience (Stewart and 
Nield 2013). With a focus on the knowledge exchange at the 
science-practice interface, we address a multi-disciplinary 
audience of both science-informed and interested profession-
als and further distinguish policy-makers from practitioners. 
Policy-makers typically develop or coordinate government 
strategies at an aggregated level such as national or regional 
(Borowski and Hare 2007). Within the practitioner audience, 
project managers implement these strategies and are part of 
decision-making processes at a more specific location or 
operational level (Roux et al. 2006). Advisors often provide 
input to the above processes with their specialized expertise 
(Witting 2017). Other interested professionals may provide 
direct input to decision-making processes and/or advise to 
specific stakeholder groups (Young et al. 2016). Given the 
diversity of actors and interpretations (Brugnach and Ingram 
2012), the ultimate goal of our storylines is to: (i) trigger the 
interest of viewers to later revisit the storyline; (ii) share it 
with others; or (iii) follow up by contacting the project team 
to discuss the applicability of research outputs.

Selecting the scientific content

When planning communication efforts at the science-
practice interface it is important to focus on the relevance, 
credibility, and legitimacy of the information presented 
(Cash et al. 2003). Heink et al. (2015) define relevance as 
the degree to which content fits the audiences’ expectations 
and consider their decision-making needs; credibility as 
the audiences’ perceptions about the trustworthiness of the 
source of information and the way it is presented; and legiti-
macy as the extent to which the information was produced 
and/or transmitted in a way that is open and observable by 
the intended audience. Witting (2017) further outlines that 
humans assess new information based on either their slow 
and analytical thinking or fast and intuitive thinking. Given 

their limited time, policy-makers (Cairney and Kwiatkowski 
2017) and also practitioners (Young et al. 2016) often rely 
on their fast and intuitive thinking. Therefore, they often pre-
fer information that is congruent with their own knowledge 
and experiences (Davidson 2017; Jones and Crow 2017). 
Visuals can help this fast-thinking by providing shortcuts 
to translate abstract concepts or terms that have different 
meanings across disciplines (Maher et al. 2018) and between 
scientific and non-scientific audiences (Venhuizen et al. 
2019). Moreover, story or narrative elements can help to 
process and make sense of new information by relating it to 
the specific context in which the story of the research took 
place (Downs 2014).

Identify the story parts or narrative elements

We understand storylines as the translation of a wider (sci-
entific) text into its core narrative elements that explain the 
benefits and limitations while at the same time illustrating 
the research context and the new knowledge with visuals 
(Cortes Arevalo et al. 2019). Based on policy narratives, 
Jones and Crow (2017) suggest preparing science stories 
by (i) defining the characters; (ii) providing a sequence of 
events that occur in the setting where there is a problem to 
solve; and, (iii) giving a moral or take-home message. In a 
similar vein, Murray and Sools (2015) define storyline parts 
(or narrative elements) of a text by distilling: (i) the agent 
or main character of the story which is not limited to the 
researcher but may include other actors; (ii) the purpose that 
is typically the desired goal of the main character; (iii) the 
acts or events happening or typically performed by the main 
character; (iv) the setting, i.e. the physical or emotional envi-
ronment where the events take place; (v) the problem which 
is typically a conflict to be solved; and vi) the means that 
are either hindering or helping to solve the problem. In the 
“Research setting and methods” section, we further explain 
how we used these elements to prepare our storylines.

Story visualization and presentation

The combination of visuals and story elements can drive 
user engagement via cognitive and affective involvement 
(Figueiras 2014). Referring to the visuals (and accompa-
nying text), the cognitive involvement or comprehension 
level is influenced by (i) elements that direct the visual 
attention; (ii) visual complexity; (iii) elements that help 
inference such as annotations; and (iv) tailoring to the audi-
ences’ expectations and previous knowledge (Harold et al. 
2016). Affective involvement refers to the emotionally 
appealing elements of visuals that not just call attention to 
them, but make them memorable while increasing compre-
hension (Altinay 2015). Similarly, story parts or narrative 
elements influence the affective and cognitive involvement 
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by sparking the interest of the audience in a way that they 
can identify, recall, remember, or contextualize the content 
(Negrete 2014). There are several strategies for the story 
visualization and layout design ranging between an author-
driven and viewer-driven interaction (Segel and Heer 2010). 
In our study, we used the layout design provided by the ESRI 
StoryMaps tool (ESRI 2018). It allows authors with limited 
programming skills to integrate text with interactive visu-
als that the viewer can scroll through for choosing the parts 
to further engage and interact with (Kallaher and Gamble 
2017).

User engagement and interaction

Engagement is a desired outcome that occurs through the 
viewer’s interaction with the (storyline) interface, texts, and 
visuals (Bahry and Masrek 2016). In this context, O’Brien 
and Toms (2008) refer to engagement as the affective, cogni-
tive, and behavioral connection that occurs in time when a 
viewer assesses the information presented and/or interacts 
with a website. In addition to the affective and cognitive 
connections (explained earlier), websites and interactive 
visualizations allow for behavioral interaction, ranging from 
(Boy et al. 2015): visual annotation (hovering of content 
as opposite to static labels), zooming (inspection to show 
the specifics), hyperlinking (connection to show related 
elements), filtering (queries to show content conditionally), 
discovery (exploration to show something else), and navi-
gation (buttons to show different sections). However, user 
engagement with the visuals (and accompanying text) does 
not necessarily increase with the number of available options 
as it depends on the audiences’ skills and the effort required 
for the user interaction (Harold et al. 2016).

Evaluation

In general, the effectiveness of communication efforts 
depends on the content, process, and outcome (Rohrmann 
1992). The content evaluation focuses on the perceived 
usefulness according to the audiences’ preferences. The 
process evaluation reflects on the way communication is 
prepared and key actors are involved. Outcome evaluation 
includes, for example, the user engagement with the con-
tent and design (Downs 2014). The choice in the effective-
ness evaluation depends on the specific goal and available 
resources (Hung and Parsons 2018). For example, Majooni 
et al. (2018) assessed the effects of infographic structure on 
ease of understanding using eye-tracking methods. Another 
purpose could be to evaluate the retention of content among 
university students using a quiz and self-reported ratings 
(Cope et al. 2018). For our study, we assess participants’ rat-
ings and user experiences regarding the perceived usefulness 

of and their engagement with the storyline while identifying 
the storyline elements during focus group sessions.

Research setting and methods

We prepared and evaluated storylines as part of the online 
communication strategy of RiverCare, a research program 
studying the effects of river interventions to support sus-
tainable management practices (Hulscher et  al. 2016). 
The program comprised eight project themes in which 20 
researchers worked together with representatives of gov-
ernment and private organizations. Depending on their 
project theme, researchers developed methods, models, or 
prototype tools to improve the fundamental understanding, 
monitoring, and integrated and collaborative management 
of river interventions. In this context, the storylines are an 
important component of the RiverCare website (www.river​
care.nl) with which we target a practitioner audience in the 
Netherlands and abroad. The website allows project manag-
ers, advisors, and other interested professionals to explore 
RiverCare knowledge and when desired give feedback about 
the possibilities for further development or application. The 
following subsections elaborate on our methods including 
the steps for the storyline preparation, the design of focus 
groups with representatives of the intended audience, and 
the data collection and analysis.

The steps to prepare the first storylines

The number of disciplines involved in RiverCare required 
an approach that was useful for researchers working in the 
wider domain of sustainability science. Figure 1 outlines the 
five steps for preparing the storylines of this study.

Prepare the concept

The editorial team for the storylines included the coordi-
nators of the RiverCare communication activities and the 
researchers whose work was presented (also co-authors in 
this study). We prepared three storylines, each focusing on 
one aspect and time scale of the studied river interventions. 
Each storyline was based on a scientific publication: one 
about public perceptions of river landscapes and manage-
ment (Verbrugge et al. 2017), one on side-channel develop-
ment (van Denderen et al. 2018), and one on the origin of 
stream bends (Candel et al. 2017).

Define the parts of the storyline

We used the storyline analysis of Murray and Sools (2015) 
to identify the story or narrative elements within the sci-
entific publications with the aim to best explain the new 

http://www.rivercare.nl
http://www.rivercare.nl
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findings, methods, or prototype tools. This approach (out-
lined in Fig. 2) includes typical questions that practition-
ers have when looking for new information. For example, it 
addresses both the benefits and limitations of the research, 
which was identified as an important requirement for the 
credibility of the storylines in our exploratory study (Cortes 
Arevalo et al. 2019). The central element in this scheme is 
the problem from which the setting, purpose, agent, acts/
events, and means/helpers depart.

Draft content

We further provided researchers with guidelines for drafting 
their storyline that included Fig. 2 and a storyline structure 
to fill in using the headers, text, and visuals. The content 
was narrated from the point of view of the researcher (we 
or us) and included active voice sentences (you) to invite 
the viewer to relate with the text and visuals. An example 
of such a sentence is as follows: “Imagine that you have 
just designed or implemented an engineering intervention 
in one of the busiest rivers in Europe, the Waal”. Every sto-
ryline ended with a take-home message and a call for action 
that invited the viewers to ask questions and read further 
information.

Iterate content and visuals

After completion of a first draft by the researchers, the text 
and the visuals were iterated with the coordinator of the 
RiverCare storylines (also first author of this study) who 
uploaded the content into the ESRI StoryMaps tool (ESRI 
2018). Visuals included photos to introduce the research 
context (Fig. 3a), timelines to illustrate the period in which 
the interventions took place (Fig. 3b), interactive maps to 
show the location or data collected, and hover over charts 
to interact with the location and example results (Fig. 3c).

Share and evaluate with representatives of the intended 
audience

In the final step, we shared the storylines with a purposive 
sample representing the varieties of organizations involved 
in RiverCare that may use the storylines for their own work. 
The aim of these focus groups was to better tailor the content 
and design for a practitioner audience. The next sections 
explain the focus group structure and evaluation procedures.

Focus groups

Four focus groups were held at partner organizations of the 
RiverCare program in the period between February and 
April 2018. Given the purposive sampling of our study 
(Morgan 2008), the participants in each focus group have 
a similar background, i.e. as researchers, advisors, project 
managers, or interested professionals. The purpose of the 
focus groups was to enable participants to interact with the 
storylines and self-report the perceived usefulness of, and 
their engagement with, the content and design. In addition, 
we recorded the screen interaction with the storyline and 
audio of the discussions during the focus groups.

The participants were invited by email via a contact per-
son at the host organization to join a session of about one-
hour and signed a consent agreement to allow the confiden-
tial use of data collected for this study. As preparation for 
the session, participants were asked to choose, explore and, 
if time was available, read one of the three storylines before-
hand. A total of 44 participants participated in the focus 
groups (Table 1). Participants were distributed among 18 
researchers attending the Netherlands Centre for River Stud-
ies conference (NCR), seven advisors from a consultancy 
(HKV), seven project managers at a regional division from 
the Ministry of Infrastructure and Water Management Rijk-
swaterstaat (RWS) and 12 professionals that joined the ses-
sion at the Institute for Water Education (IHE-Delft). Most 
of the participants had a background discipline related to 
hydraulic engineering or geomorphology. Thirteen partici-
pants had a broader background in environmental manage-
ment (half of which belonged to the IHE-group). Nineteen 
participants read the storyline beforehand. Most participants 
chose to interact with the storyline about public perceptions, 
followed by the one about side-channel development and 
stream bend formation.

During the focus groups, participants worked in pairs (14 
subgroups), trios (5 subgroups), and one participant worked 
individually. Most subgroups (16) had participants with the 
same background discipline whereas only four subgroups 
had mixed participants. Every session was moderated by the 
first author, who after a 10-min introduction asked partici-
pants to scan through their chosen storyline and carry out 
the following tasks:

Prepare concept

Define parts

Draft text and visuals

Review and iterate

Share and evaluate

Editorial 
team

Fig. 1   Steps to prepare the storylines
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1.	 Reflect upon their understanding of the storyline ele-
ments in subgroups by filling in the simplified form of 
Fig. 2 (see Appendix A, Fig. A1).

2.	 Join a general discussion to share and reflect upon their 
sub-group interaction with the storyline.

3.	 Fill in a survey (see Appendix A, Fig. A2) to rate the sto-
ryline usefulness, and to state their perceptions regard-
ing their engagement with the storyline.

Each focus group served as an intermediate evaluation 
to adjust the storyline design and to collect suggestions for 
improvement. To maintain the comparability between ses-
sions, adjustments to simplify the content and navigation of 
the storylines was kept to a minimum. For example, during 
the session with researchers, the storylines were embedded 
into the RiverCare site. Thereafter, participants had full-
screen interaction. We also revised the storyline content to 

Fig. 2   Storyline elements following the approach of Murray and Sools (2015)
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limit the amount of jargon and added a button with a drop-
down list of the storyline parts.

Data collection and analysis

We used a mixed-method approach for collecting data during 
the focus groups (see Table 2), including a survey distrib-
uted at the end of each session for measuring the perceived 
usefulness of, and user engagement with, the storylines. In 
addition, we used screen recordings of the user interaction 
and audio recordings of the (sub) group discussions to iden-
tify how the specific content (text and visuals) influenced 
user engagement. We triangulated data from three sources: 
(i) the audio transcriptions; (ii) the notes from the screen 
recordings; and (iii) participants’ suggestions to the storyline 
elements in the subgroup form and the open-ended survey 
question. The analysis allowed us to illustrate the quantita-
tive survey results and to identify suggestions for the sto-
ryline content and design.

Survey questions

The survey consisted of two main parts (see Appendix A, 
Fig. A2). Part 1 included statements to measure the per-
ceived usefulness of the storyline (i.e. whether the content 
and design meet users’ preferences and interests to use it as 
a communication tool). These statements were based on the 
criteria identified in the preliminary study of Cortes Arevalo 
et al. (2019). Answering categories for statements in Part 1 
included three options: yes, it is useful; no, it is not useful 
and not sure.

Part 2 of the survey included items for participants to rate 
their engagement, as well as an open-ended question to ask 
for additional feedback. To measure the level of engage-
ment, we used semantic differential scale items from the 
User Experience Questionnaire developed by Schrepp et al. 
(2017). This scale has 26 items of which all were included 
in the survey for the first focus group participants. Each item 
had a pair of terms with opposite meanings that participants 
could rate on a 7-point Likert scale. We included fewer items 
in the surveys for the subsequent focus groups to prevent 
survey fatigue due to lengthy questionnaires (see Table 2). 
The survey at the second focus group included five items 
(marked by an asterisk in Table 2), which we extended to 
a final selection of 10 items that better captures the ease of 
understanding, attractiveness and interest criteria.

We calculated the relative frequencies per focus group 
for the perceived usefulness response. For the engagement 
responses, we converted the collected ratings into a scale 
from − 3 to 3 to distinguish neutral from maximum and 
minimum ratings. Then, we calculated the minimum, maxi-
mum and average score per storyline and focus group.

Screen and audio recordings

For all focus groups, we made screen recordings to cap-
ture the user interactions with the storyline content. For 
the focus group with advisors, we took notes from the user 
interactions during the session given that no screen record-
ings were available. Audio recordings captured the subgroup 
discussions to reflect upon the storyline parts (Appendix A, 
Fig. A1) as well as the general discussion per focus group. 
Overall, this data complemented the responses to the survey 
for explaining participants’ preferences about the storyline 
content and design.

For the data analysis, we synchronized and re-watched the 
screen and audio recordings to take notes on the navigation 
preferences, usage of clickable elements, and participants’ 
comments. In addition, we transcribed the audio recordings 
for the same focus group parts in all sessions. We further 
coded the transcriptions to link them to the evaluation crite-
ria (i.e. perceived usefulness, ease of understanding, attrac-
tiveness and interest, or navigation preferences). The second 
author reviewed the coding scheme and made suggestions 
to merge or re-assign the codes. Using this final dataset, we 
counted the frequency of a given code for each focus group. 
We equally acknowledged the contribution of all comments 
regardless of how many times it was brought by the same 
sub-group. Thereby, we identified the recursive feedback 
across all focus groups.

Finally, we analyzed the type of feedback that partici-
pants provided. We first categorized the indirect feedback 
deduced from the screen recordings to as observational 
feedback. Thereafter, we categorized all participants’ com-
ments (depending on their level of detail) as either general, 
contributory or co-creational feedback (Sturm and Tscholl 
2019). We define general feedback as reactive comments that 
point to either positive or critical aspects without referring 
to a particular (storyline) part. Contributory feedback goes 
beyond general feedback by including examples of the use-
fulness of or engagement with specific parts of the storyline. 
Co-creational feedback further includes alternative options 
that participants provided to adjust the content and/or design 
of a storyline part.

Results

Here, we report on the participants’ perceptions of and sug-
gestions for improving storyline content and design accord-
ing to the usefulness and engagement criteria. In each sec-
tion, we first present the survey results and then further 
elaborate on our findings using the qualitative data (available 
in Appendix B). Finally, we reflect upon the type of feedback 
that participants provided according to the level of detail of 
their comments.
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Perceived usefulness

More than half of the research participants, advisors, and 
interested professionals were positive about the usefulness 
of the storylines as a tool to explain why the study was done 
and to give relevant examples (Fig. 4, questions a and b). 
These two questions were rated as useful by researchers 
(67% for both questions), advisors (57% for both questions), 
and interested professionals (67% and 58% respectively). 
Participants’ feedback, however, provided a more detailed 
picture of their views on the usefulness of the storylines. 
First of all, all focus groups commented on the importance 
of tailoring the content to a specific audience. Participants 
acknowledged that the storylines may make the research 
more accessible (HKV-GR2 and IHE-GR4). However, it 
was not clear if the storylines are meant for people who 
are interested or who are conducting research on this topic 
(IHE-GR1 and NCR-GR5). Therefore, “It would be better to 
make different storylines for different audiences. RWS would 
probably not be happy with a storyline like this” (NCR-GR 
7). The latter was indeed confirmed by the lower usefulness 
(43%) reported for the project managers (Fig. 4, questions 
a and b). Lower usefulness report was also found when the 
advisors (43%), project managers (43%), and interested pro-
fessionals (33%) evaluated the capability of the storylines 
to communicate the remaining challenges (Fig. 4, question 
c). Qualitative results confirmed these ratings for all focus 
groups except the one with advisors. Possibly because the 
challenges from the viewpoint of project managers and inter-
ested professionals are different than those from the advisors 
or researchers’ perspective.

Another often-mentioned suggestion was to better align the 
problem to both practice and the scope of the research. For 
example, the benefit of either the conceptual model presented 
in the stream bends storyline (HKV-GR3), the mathematical 
model to understand side channel development (IHE-GR2) 
or the mapping of various stakeholders’ perceptions (NCR-
GR4) became too abstract when the problem definition in the 
storyline included management aspects that were beyond the 
applicability of the results without explaining the connection 
(NCR-GR1 and 7, RWS-GR1 and 4). To strengthen this link, 
a recommendation from most focus groups was to give exam-
ples of the management application by for example show-
ing how the results are useful in addressing the problem of a 
specific case (RWS-GR4, NCR-GR1 and 7). The case can be 
imaginary (NCR-GR3). However, it should be clear which 
aspects can be generalized from the results (NCR-GR6) and 
which aspects still need to be considered when taking the 
research into practice (IHE-GR4 and RWS-GR1).

When asked about the perceived usefulness to trigger 
interests or preferences for communication, more than half 
of the advisors (71%), project managers (57%), and inter-
ested professionals (100%) had a positive inclination to read 
the publication (Fig. 5, question e). Interestingly, this per-
centage was lower for the researchers (39%) who are more 
familiar with reading scientific literature. Moreover, the 
majority of the project managers (86%) and the interested 
professionals (67%) reported a positive intention to contact 
the project team (Fig. 5, question d), while the advisors 
(43%) were less inclined to do so. Despite the intentions 
reported in the survey, feedback results (Appendix B) show 
that all focus groups considered important to refer in the 
storyline to the project team and the supporting publication.

In all focus groups, more than half of the participants 
were interested in sharing the storyline with colleagues 
(Fig. 5, question f), with the highest percentage for project 
managers (71%) and the lowest for advisors (57%). How-
ever, lower levels of interest were reported with regard to 
revisiting the storylines themselves, especially for research-
ers (22%) and project managers (14%) (Fig. 5, questions g). 
Finally, most of the advisors (100%) and project managers 

Fig. 3   Storyline layout including navigation elements such as the 
sidebar and various types of visual content such as a an introductory 
image of the stream bends storyline  (Candel 2018), b timelines and 
clickable words of the public perception storyline (Verbrugge 2018), 
and c example results with hover-on content of the side channel sto-
ryline  (van Denderen 2018). Visuals were mostly  prepared  from 
sources available via  the  Nationaal Park Drentsche Aa, Rijkswater-
staat, the related publications (Candel 2018; van Denderen 2018; Ver-
brugge 2018) and the RiverCare researchers

◂

Table 1   Distribution of participants per storyline and focus group session

a In brackets, we indicate the number of participants with a background in environmental management (EM)

Date of the session Participants’ numbera Read before 
hand

Storyline choice

Public per-
ception

Side channels Stream bends

Researchers (NCR) 09-02-2018 18 (3EM) 3 5 6 7
Advisors (HKV) 16-04-2018 7 (1EM) 3 3 2 2
Project managers (RWS) 23-04-2018 7 (2EM) 4 2 4 1
Interested professionals (IHE) 30-04-2018 12 (7EM) 9 6 4 2
Total 44 19 16 16 12
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(86%) were inclined to use the storyline to communicate 
their own work while this percentage was lower for research-
ers (44%) and interested professionals (50%) (Fig. 5, ques-
tion h). Feedback results explain these mixed preferences 
as participants expressed concern about the positive and 
critical aspects of using storylines for communication 
(RWS-GR2). On the one hand, they recognized that reading 
a storyline is more attractive than reading a full research 
article (RWS-GR1) or a technical report (HKV-GR3). They 
further acknowledged that storylines can be useful to pitch 
about their projects (IHE-GR1) or to use them for educa-
tion purposes (NCR-GR1). On the other hand, participants 
questioned the amount of time it takes to prepare a storyline 
(HKV) and given the number of technical details (IHE-GR2) 
they doubted if the storylines may help them in keeping the 
attention of interested viewers (IHE-GR1). Last but not 
least, the advisors and interested professionals mentioned 
that there should be a trigger to actively visit or share the 

storylines such as a notification email or a meeting to discuss 
their content with different kinds of professionals (HKV-
GR3 and IHE-GR5 and 6).

User engagement

This section presents the findings for user engagement and 
discusses how the specific storyline content and design 
influenced participants’ ratings for ease of understanding, 
ratings for attractiveness and interest, and their navigation 
preferences.

Ease of understanding

Notable differences between the three storylines were found 
in participants’ ratings for ease of understanding (Fig. 6). 
The storyline about public perceptions had the most posi-
tive ratings across all focus groups, despite being rated as 

Table 2   Overview of data collection methods and main variables per research question

a These questions were added after the focus group with researchers to specifically capture the preferences of advisors, project managers, and 
other interested professionals
b During the focus group with advisors, only five items were asked
c Screen recordings are available for all focus groups except the one with advisors

Research question Data collection method Variables

1) Perceived usefulness of the content and 
design as a whole

Survey statements about storylines usefulness 
to

a) Explain why the study was done
b) Give relevant examples
c) Identify remaining challengesa

Storyline usefulness to trigger the participants’ 
interest or preferences for communication by

d) Contacting the project teama

e) Reading the supporting publication
f) Sharing the storyline with colleagues
g) Revisiting the storyline afterward
h) Using the storyline as a communication 

method in their own project
2) Engagement with the storyline content and 

design
Survey statements about the ease of under-

standing
Not understandable—Understandable
Difficult to learn—Easy to learn
Complicated—Easyb

Confusing—Clearb

Inefficient—Efficient
Survey statements about the attractiveness and 

interest
Unattractive—Attractiveb

Cluttered—Organized
Not valuable—Valuableb

Not interesting—Interestingb

Obstructive—Supportive
Audio and screen recordingsc Notes about preferred navigation strategy 

(sidebar, scrolling or button)
Type of interactive elements that were (not) 

clicked
3) Suggestions for improvement and type of 

feedback
Audio and screen recordingsc Participants’ suggestions to the storyline ele-

ments in the subgroup form and the survey 
open-ended question

Sub-group and general discussion
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Fig. 4   Overview of participants’ 
responses to survey statements 
about the storylines’ usefulness 
to (a) explain why the study was 
done; (b) give relevant exam-
ples, and (c) identify remaining 
challenges. Note: *Research-
ers were not asked about the 
statement (c) due to our interest 
in practitioners’ responses. 
**One participant in the advi-
sors’ group did not answer this 
survey part

Fig. 5   Overview of participants’ 
responses for survey statements 
about storylines’ usefulness to 
trigger participants’ interest or 
preferences for: (d) contacting 
the project team*; (e) reading 
the supporting publication; 
(f) sharing the storyline with 
colleagues; (g) revisiting the 
storyline, and (h) using the 
storyline as a communication 
method in their own project. 
Note: *Researchers were not 
asked about the statement (d) 
due to our interest in practition-
ers’ responses. **One partici-
pant in the advisors’ group did 
not answer this survey part
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complicated and confusing by project managers and advi-
sors. Researchers who interacted with the stream bends and 
side channels storyline rated the former as less understand-
able (respectively minimum of − 2 and − 1) and more dif-
ficult to learn (respectively minimum of − 3 and 0). Finally, 
the ratings for efficiency had a large variability, especially 
for the side channels storyline (from − 3 to 2).

Looking for explanations in the feedback results (Appen-
dix B), we found that participants in all focus groups had 
difficulties in relating the content of the storyline to a spe-
cific problem or question. A specific comment for the sto-
ryline about public perceptions was the “mismatch between 
title and the content” (NCR-GR4), which was confusing 
and made it difficult for participants to understand the main 
message (RWS-GR3, HKV-GR2, and IHE-GR6). For the 
other storylines, recursive comments were about the unclear 
problem definition which was either not relevant for prac-
tice or did not match the scope of the research. All focus 
groups except the one with advisors pointed out that details 
about the methods and results were often overcomplicated 

or too abstract. For example, specific to the side channels 
storyline, “It was easy to understand at the beginning, when 
you go into the results, see figures and models it got a little 
more complicated because you thought that you did not need 
those” (IHE-GR3).

All focus groups further suggested giving an overview of 
what viewers will see and learn as early as possible to save 
their time and limit their effort. According to participants, 
one way of doing this is by having a “what to expect page” 
to introduce the purpose of the storyline (RWS-GR1), the 
content (HKV-GR3), and the take-home message (NCR-
GR3). To ease understanding, project managers further 
advised limiting the reference to (management) aspects that 
you will not elaborate or explain the connection. Moreover, 
researchers, advisors, and interested professionals suggested 
to reduce or explain technical terms.

Finally, feedback results from all focus groups also 
showed that visuals and interactive elements helped partici-
pants to understand the context. For example, visuals helped 

Fig. 6   Average ratings for the ease of understanding and efficiency items. The mean values were calculated according to the distribution of par-
ticipants per storyline and focus group session (Table 1). Note: Items with a circle (o) were not asked at the advisors’ focus group
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in getting a view of the location (HKV-GR2 and IHE-GR1). 
Interactive elements helped to contextualize the content with 
hovering options for reading details and hyperlinks in the 
text for showing the way in which an specific term was used 
(RWS-GR3 and HKV-GR3). However, participants from all 
focus groups also revisited the storyline parts several times 
to make connections between the content. Feedback from 
focus groups with researchers, project managers, and inter-
ested professionals suggests investing in the design of visu-
als so that they are consistent with the text and with each 
other. Visuals can, for example, better assist in the problem 
definition (NCR-GR2), show all relevant actors that par-
ticipated in the research (RWS-GR3), better point out the 
location of the study for someone who is not familiar with 
it (IHE-GR6), and limit the level of detail for the results or 
the remaining challenges so that they contribute to the take-
home message (IHE-GR1 and NCR-GR3).

Attractiveness and interest

The storylines received positive average ratings for scale 
items measuring attractiveness and interest in all focus 
groups (Fig. 7). An exception was the first focus group, in 
which research participants rated their experience with more 
neutral scores and more diverse ratings, particularly for the 
stream bends and side channels storylines. In addition, the 
ratings related to the organization of content were also vari-
able for most focus groups. The researchers’ lower ratings to 
variables for attractiveness and interest can be explained by 
the embedded storyline interface into the RiverCare website 
when their focus group took place. A full-screen interface 
was possible in the following three focus groups.

The feedback results from all focus groups confirmed 
that the attractiveness of visuals and interactive elements 
were the most supportive and valuable storyline element. 
Although some participants acknowledged the good bal-
ance between text and visuals, a recurrent comment across 
focus groups was to keep the content as concise as possible. 

Fig. 7   Average ratings for attractiveness, efficiency, support, and overall value. The mean values were calculated according to the distribution of 
participants per storyline and focus group session (Table 1). Note: Items with a circle (o) were not asked at the advisors’ focus group
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The latter explains the variable ratings about the organiza-
tion of content (Fig. 7). To improve the engagement with 
the content, a recommendation from the project managers 
and researchers was to reflect on the storyline goal to better 
engage with a project manager audience. All focus groups 
except the one with researchers suggested using a personal 
approach that viewers can relate to.

Navigation preferences

We used screen recordings to learn more about the naviga-
tion preferences and user interaction as a proxy for behav-
ioral engagement. We found that scrolling was the most 
popular navigational option. However, alternative navigation 
options were also discovered. For example, the sidebar that 
is present on every page was more popular than the button 
at the bottom of every page with the dropdown list. Partici-
pants mostly interacted with this button list at the beginning 
because its content was visible whereas in other pages the 
list was hidden and the button went unnoticed or was not 
understood. We also noticed that interactive maps, click-
able words, and links to videos and publications were not 
necessarily explored. Their content was checked according 
to the level of participants’ interest and the availability of 
time during the focus groups. Sometimes interactive ele-
ments hid information when the possible interaction was 
not intuitive enough for participants to easily retrieve their 
location in the website or read the text in the hover-over 
icons. The latter was often unnoticed or skipped when the 
loading time of interactive visualizations in the ESRI Story-
Maps tool was too long. Finally, some participants recom-
mended to improve and even preferred, the readability in 
mobile devices.

Type of feedback from participants

When looking at the level of detail of participants’ feed-
back (Appendix B), we concluded that most comments were 
contributory (39%), general (31%), or observational (24%). 
Despite the small percentage (6%), there was also co-crea-
tional feedback, mainly from the project managers’ focus 
group (Fig. 8). Below are some examples of each feedback 
type:

•	 Observational feedback helped us to understand the 
navigational preferences and identify when viewers went 
back and forward between pages to reflect on how the 
visuals and the text complemented each other.

•	 General feedback defined the storyline goal as to “assist 
managers and policy-makers to relate with the outcome 
and usefulness of these studies” (NCR-GR2). As one 
message will not fit all audiences, project managers sug-
gested including examples on how (viewers) can use the 
information, how can it improve their work or project 
(RWS-GR2).

•	 Contributory feedback pointed out that disengagement 
occurs when the content is overcomplicated or abstract. 
Terms such as oblique aggradation are difficult to under-
stand: “I cannot make the link if it is useful for me. When 
it is too difficult, I am not eager to read it and make it my 
own and I will probably leave it” (NCR-GR2). Moreover, 
“The results are not clear in how fixed bends are formed. 
At least I don’t understand that part except that they say 
that peat does not erode”(IHE-GR1).

•	 Co-creational feedback helped us to reflect upon the 
actors in the storyline. Using a personal approach can 
help the viewer to relate to the definition of the problem 
and the protagonist. For example, “Maybe you should 

Fig. 8   Distribution of feedback 
type per focus group from a 
total of 190 comments (Appen-
dix B, Table B2)
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start with a map full of stakeholders. To know what are 
the impacts, for me. Click, I’m a fisherman, click, I see 
what happens (with the fishermen perceptions) before 
and after (the river intervention) (HKV-GR2).

Discussion

In this study, we conceptualized a series of steps to prepare 
visual storylines and evaluated the effectiveness of the con-
tent and design via focus groups. We discuss our findings 
in light of relevant literature from different disciplines (e.g. 
design and science communication) and further reflect on 
the steps to prepare the storylines (Fig. 1) for researchers and 
communicators who are interested in future applications.

Preparing the concept

Our findings of perceived usefulness (Fig. 4) confirm that 
for effective design and content we need to narrow down the 
audience from a science-informed to an interested audience 
yet with limited time to explore content. Participants specifi-
cally suggested targeting experiential (i.e. project managers) 
rather than specialized practitioners (i.e. advisors on a spe-
cific topic). This is in line with Grainger (2017), who found 
mixed results when tailoring an infographic for profession-
als and suggested dividing the audience according to their 
institutional roles. Moreover, when reflecting upon the goal 
of the storylines to trigger the interest of participants for 
sharing, revisiting and further using it as a communication 
tool, we concluded that the content should offer more than 
a visual summary of the research. It should better relate to 
project managers by showing examples of the management 
application. For the latter, our results about the type of feed-
back confirmed the need to involve the project managers 
earlier in the process as part of the editorial team to better 
align the problem to practice and the scope of the research. 
Although we informed our choices to prepare the storylines 
from the theory and preliminary research (Cortes Arevalo 
et al. 2019), co-designing (i.e. jointly preparing the applica-
tion example that will be featured in the storyline) with the 
intended audience has the potential to create a more useful 
and understandable content (Becsi et al. 2019).

Defining the storyline parts

When reflecting on the results about engagement, we found 
that participants’ comments were often about the storyline 
parts and the text rather than the visuals. This could be 
because in our storylines the visuals were meant to comple-
ment the text and not vice versa. Overall, we learned that 
defining the storyline parts required more than distilling the 
story elements from the research. Feedback results show 

that the guiding questions to prepare the storylines should 
better distinguish between the problem to practice and the 
scope of the research (Fig. 2). Moreover, visual storylines 
should not only introduce the story elements with (interac-
tive) visuals that for example represent the location or the 
actors involved (Stephens et al. 2014). The storylines should 
also have a story flow with an engaging sequence both with 
the visuals and the text. Although a temporal sequence is a 
well-appreciated feature of narrative visualizations (Figuei-
ras 2014), this is not necessarily the most appropriate for 
all types of research outputs (Kosara and Mackinlay 2013).

Based on our findings, in addition to the simplified ver-
sion of Fig. 2, we suggest defining the storyline parts by con-
sidering the following engaging sequence (see Fig. 9 adapted 
from ElShafie, 2018): (i) connecting with your audience, (ii) 
raising problem awareness, (iii) relating to a practitioner’s 
world, (iv) acknowledging remaining challenges for practice; 
and (v) giving a take-home message. Although this sequence 
is often used in science blogs (Mehlenbacher 2019), feed-
back results show that a focus on the management applica-
tion is also useful to increase the perceived usefulness of and 
engagement with our visual storylines.

Drafting the text and visuals

Our findings also indicated that effective content is depend-
ent on three main features. The first relates to creating and 
meeting the expectations of the audience. Previous studies 
posed that engagement typically starts by grabbing the view-
er’s attention and creating interest in the content (O’Brien 
and Toms 2008). Our results highlight a number of factors 
that can influence this in a positive and negative way. Even 
though our participants perceived the storylines as attractive 
due to the visuals and interactive elements, they also sug-
gested that the title, headers, and visuals need to be consist-
ent with the text and with each other. In addition, posing 
a question in the storyline title to interest viewers was not 
well-received by participants as they had difficulties find-
ing a specific answer. This is only recommended when the 
answer is covered into the content (see also Hartley 2012). 
If this is not the case, it is better to establish interest with a 
statement that foregrounds the main discovery or the take-
home message. In either case, these two aspects should be 
introduced on the first page to better guide viewers on what 
they will learn from the storyline.

The second relates to the engagement with the content 
(Fig. 9). Feedback from our participants indicated that, 
in this respect, they missed a clear definition of a pro-
tagonist both in the visuals and the text. Often (but not 
always) researchers are the protagonists of science stories 
(Green et al. 2018) and problems can be introduced from 
the researcher’s personal perspective by including aspects 
on how he/she became interested in the topic and why it is 
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important for practice (Padian 2018). Our storylines fea-
tured multiple actors such as the river, the researcher, or the 
stakeholders, yet without a clear protagonist. We conclude 
that what is most important is to draft the storyline from the 
perspective or experiences of a protagonist that is affected by 
a problem that project managers can relate to. The third one 
relates to the level of detail in our storylines. We intended to 
present multiple methods and applications of interest to the 
viewer. However, participants’ feedback showed that they 
often found the details on these pages overcomplicated or 
too abstract. Instead, they suggested clarifying how the find-
ings could improve the work of project managers and how 
they affect people and the environment. Infographics and 
interactive visuals can be of great help to achieve this, for 
example by comparing and correlating data or highlighting 
trends (Cairo 2013). This is particularly important when the 
contribution is difficult to grasp due to scale, complexity, or 
abstraction (McInerny et al. 2014). Moreover, project man-
agers, among other interested professionals in sustainable 
practices, cover a wide range of disciplines (Maher et al. 
2018). When specific terms are necessary, its meaning could 
be illustrated with icons, schemes, or visual examples (Ven-
huizen et al. 2019). In such cases, visuals should be referred 
to in the text or be accompanied by a short label to minimize 
misinterpretation (Harold et al. 2016).

Reviewing and iterating

Although interactive elements are attractive, we also 
acknowledge that storyline viewers often have limited time 
to explore content. As such, interactive elements should be 

as intuitive as possible and minimize distractions. Moreover, 
visuals showing results, either interactive or not, (Fig. 3c) 
should limit unnecessary details and better exemplify the 
contribution of the results. This reinforces the results of 
previous research who also found that combined texts and 
interactive visuals do not necessarily increase behavioral 
engagement (Boy et al. 2015) and understanding (Xexakis 
and Trutnevyte 2019). During our focus groups, participants 
scrolled throughout the storylines to identify the parts that 
they were interested in most and would not necessarily navi-
gate the content in a linear way. Similar to the findings of 
Majooni et al. (2018), revisiting different storyline parts can 
be either interpreted as difficulty in understanding or the 
process of making a connection between the previous and 
current storyline parts.

In our approach, a visual overview is necessary for every 
page so that the storyline readers can pleasantly scan through 
the headlines before more closely reading the text. Although 
there are standard visualization guidelines (e.g., “The Data 
Visualisation Catalogue,” 2018), researchers are often not 
familiar with design principles to carefully consider the 
intended goals and user interaction on the visual for every 
page (Grainger et al. 2016). Therefore, we should optimize 
the process of preparing the content and visuals as it is the 
most time-consuming step. Our experiences confirmed that 
the creative process of making a visual storyline requires a 
multi-disciplinary team with complementary expertise. It is 
important to balance between the level of detail, the appro-
priate reflection of the limitations, and the ability to convert 
information into visuals that are appealing, can be easily 
understood, and recalled (Cairo 2013). The content of the 
final storyline is, therefore, negotiated between the editorial 

Fig. 9   Storyline sequence to 
maximize engagement with 
a project manager audience ( 
adapted from ElShafie 2018)
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team as there might be some aspects that are important for 
the researcher that are not equally relevant for the designer 
or not clear enough for a representative of the project man-
ager audience.

Sharing and evaluating

When sharing and evaluating the storylines, we should note 
that project managers and other interested professionals 
require information that is relevant to their work rather than 
feeling like they are persuaded or emotionally manipulated 
in some way (Grainger 2017). Therefore, it is important to 
acknowledge that our ideas about what may be useful for 
practice are determined by our own frames and perspectives. 
As such, it is important to invite viewers to share their own 
perspective and/or to discuss the way that they may apply (or 
not) the new findings presented in the storyline. This could 
also be the starting point to discuss the storyline content 
with different kinds of professionals.

Specific to our study, our evaluation approach had some 
limitations that need to be considered when interpreting its 
findings:

•	 First, we engaged a sample of researchers and practition-
ers from a limited number of organizations related to 
river research and are located in the Netherlands. There-
fore, the quantitative results of the focus groups are not 
generalizable. However, the discussion on the qualitative 
results and the storyline steps inform choices about the 
content and design. Further studies are needed to test 
the proposed recommendations in future storylines with 
a wider group of interested participants from organiza-
tions abroad and/or dealing with other types of sustain-
ability problems. It is also worth to compare various 
types of visual storytelling approaches with other means 
for summarizing scientific information for practitioners. 
Thereby, we can better understand the ways and condi-
tions to use or combine communication efforts.

•	 Second, the best practice for data collection evolved over 
the span of the four focus groups with the aim of devel-
oping a survey instrument for future storyline evalua-
tions. The adjustments and survey results allowed us to 
identify the most appropriate and informative statements 
(i.e. ease of understanding, easy-to-follow sequence, clar-
ity of visuals, attractiveness, and value for sharing). In 
that, survey fatigue was kept to the minimum, while an 
open-ended question and the screen and audio recordings 
provided additional, valuable information to explain their 
preferences. Outcome evaluations could be extended to 
monitor the online access and increased use of the sto-
ryline by, for example, looking at the number of visi-

tors, online responses and contacts to the project team as 
well as the number of times that researchers and advisors 
use the storylines to introduce or discuss their work in 
follow-up meetings.

•	 Finally, despite the contribution of participants’ feed-
back, their involvement was limited to the evaluation 
step. Future research could explore the possibilities 
to involve project managers’ representatives earlier in 
the preparation process by for example inviting them 
to choose among available options for the content and 
design. It is also valuable to explore the benefits of 
shaping and reflecting upon the storyline content with 
management actors dealing with a management problem 
at a specific location to stimulate discussions about the 
potential application of the research.

Conclusion

Sustainability science is increasingly called upon to share 
and engage with practitioners and to build understanding 
across multiple disciplines and actors. To this end, we con-
ceptualized and tested a visual storytelling approach using 
three storylines intended for a practitioner audience. Over-
all, participants considered the storylines as attractive, sup-
portive and valuable to communicate scientific innovations 
to practice. However, their perceived usefulness can be 
improved by jointly preparing the storylines with representa-
tives of the intended audience and by considering a more 
engaging sequence that better outlines the problem statement 
and the potential applications. This study demonstrates that 
the same content will not fit all audiences. The storylines 
broaden access to scientific findings for project managers 
that are interested in more sustainable river management 
practices in the Netherlands and abroad. Thereby, research-
ers, advisors and other interested professionals can use them 
as a communication tool for their own projects. The content 
and design can further be improved with a multi-disciplinary 
editorial team with complementary expertise. In any case, 
this will require assistance and incentives from universities 
and funding organizations so that researchers invest their 
time and effort in science communication.

Acknowledgments  This research is part of the research program Riv-
erCare and is financed by NWO-TTW and the Ministry of Economic 
Affairs under grant number P12-14. Marcela Brugnach is further sup-
ported by the spanish government through María de Maeztu excellence 
accreditation 2018–2022 (Ref. MDM-2017–0714) of BC3. We greatly 
acknowledge the focus group participants and hosting organizations for 
their valuable input. We also thank RiverCare researchers, supervisory 
team members Fedor Baart and Mascha van der Voort as well as col-
laborators Emanuele Fantini and Roland Postma for their support to 
implement the findings of this study. Finally, we greatly appreciate the 
valuable comments of reviewers for improving this manuscript.



1030	 Sustainability Science (2020) 15:1013–1032

1 3

Data availability  Main data associated with this submission were pro-
vided as supplementary material. All focus group data and transcripts 
have restricted access in a research data repository to protect the con-
fidential use for this study.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.

References

Altinay ZM (2015) Communicating Sustainability with Visuals: issue 
perception and issue engagement (Ph.D. thesis). Louisiana State 
University and Agricultural and Mechanical College, Indianapo-
lis, Indiana.

Bahry, S.F.D., Masrek, M.N., 2016. Website credibility and user 
engagement: A theoretical integration. In: Presented at the 2016 
4th international conference on user science and engineering 
(i-USEr), IEEE, Melaka, Malaysia, pp 216–221. Doi: 10.1109/
IUSER.2016.7857963

Becsi B, Hohenwallner-Ries D, Grothmann T, Prutsch A, Huber T, 
Formayer H (2019) Towards better informed adaptation strategies: 
co-designing climate change impact maps for Austrian regions. 
Clim Change. https​://doi.org/10.1007/s1058​4-019-02602​-7

Bednarek M, Caple H (2010) Playing with environmental stories in the 
news—good or bad practice? Discourse Commun 4:5–31. https​://
doi.org/10.1177/17504​81309​35120​6

Berendsen M, Hamerlinck J, Webster G (2018) Digital story mapping 
to advance educational atlas design and enable student engage-
ment. ISPRS Int J Geo Inf 7:125. https​://doi.org/10.3390/ijgi7​
03012​5

Borowski I, Hare M (2007) Exploring the gap between water manag-
ers and researchers: difficulties of model-based tools to support 
practical water management. Water Resour Manag 21:1049–1074. 
https​://doi.org/10.1007/s1126​9-006-9098-z

Boy J, Detienne F, Fekete J-D (2015) Storytelling in information visu-
alizations: does it engage users to explore data? In: Proceedings 
33rd annual ACM conference on human factors in computing sys-
tems. ACM Press, Seoul, Republic of Korea, pp 1449–1458. Doi: 
10.1145/2702123.2702452

Brugnach M, Dewulf A, Henriksen HJ, van der Keur P (2011) More is 
not always better: coping with ambiguity in natural resources man-
agement. J Environ Manage 92:78–84. https​://doi.org/10.1016/j.
jenvm​an.2010.08.029

Brugnach M, Ingram H (2012) Ambiguity: the challenge of knowing 
and deciding together. Environ Sci Policy 15:60–71. https​://doi.
org/10.1016/j.envsc​i.2011.10.005

Cairney P, Kwiatkowski R (2017) How to communicate effectively 
with policymakers: combine insights from psychology and policy 
studies. Palgrave Commun. 3:37. https​://doi.org/10.1057/s4159​
9-017-0046-8

Cairo A (2013) The functional art an introduction to information graph-
ics and visualization. New Riders, Berkeley

Candel J (2018) How do bends form in peat-land streams? In: River-
Care. https​://kbase​.ncr-web.org/wp-conte​nt/story​line-app/index​
.html?appid​=90b25​38f50​64425​99de0​bb035​ed053​fd. Accessed 
16 Mar 2020

Candel JHJ, Makaske B, Storms JEA, Wallinga J (2017) Oblique aggra-
dation: a novel explanation for sinuosity of low-energy streams 
in peat-filled valley systems: oblique aggradation of low-energy 
peatland streams. Earth Surf Process Landf 42:2679–2696. https​
://doi.org/10.1002/esp.4100

Cash D, Clark WC, Alcock F, Dickson N, Eckley N, Jager J (2003) 
Salience, credibility, legitimacy, and boundaries: linking research, 
assessment and decision making. SSRN Electron J. https​://doi.
org/10.2139/ssrn.37228​0

Cope MP, Mikhailova EA, Post CJ, Schlautman MA, Carbajales-Dale 
P (2018) Developing and evaluating an ESRI story map as an edu-
cational tool. Nat Sci Educ 47:180008. https​://doi.org/10.4195/
nse20​18.04.0008

Cortes Arevalo VJ, Verbrugge LNH, den Haan R-J, Baart F, van der 
Voort MC, Hulscher SJMH (2019) Users’ perspectives about the 
potential usefulness of online storylines to communicate river 
research to a multi-disciplinary audience. Environ Commun 
13(7):909–925. https​://doi.org/10.1080/17524​032.2018.15040​98

Cvitanovic C, Fulton CJ, Wilson SK, van Kerkhoff L, Cripps IL, 
Muthiga N (2014) Utility of primary scientific literature to envi-
ronmental managers: An international case study on coral-dom-
inated marine protected areas. Ocean Coast Manag 102:72–78. 
https​://doi.org/10.1016/j.oceco​aman.2014.09.003

Cvitanovic C, Hobday AJ, van Kerkhoff L, Wilson SK, Dobbs K, 
Marshall NA (2015) Improving knowledge exchange among sci-
entists and decision-makers to facilitate the adaptive governance 
of marine resources: A review of knowledge and research needs. 
Ocean Coast Manag 112:25–35. https​://doi.org/10.1016/j.oceco​
aman.2015.05.002

Davidson B (2017) Storytelling and evidence-based policy: lessons 
from the grey literature. Palgrave Commun 3:17093. https​://doi.
org/10.1057/palco​mms.2017.93

Djenontin INS, Meadow AM (2018) The art of co-production of 
knowledge in environmental sciences and management: lessons 
from international practice. Environ Manage 61:885–903. https​
://doi.org/10.1007/s0026​7-018-1028-3

Downs JS (2014) Prescriptive scientific narratives for communicat-
ing usable science. Proc Natl Acad Sci 111:13627–13633. https​
://doi.org/10.1073/pnas.13175​02111​

ESRI, 2018. The five principles of effective storytelling with Esri 
story maps [WWW Document]. https​://story​maps.arcgi​s.com/
en/five-princ​iples​/. Accessed 6.27.19.

Evans MC, Cvitanovic C (2018) An introduction to achieving policy 
impact for early career researchers. Palgrave Commun 4:88. 
https​://doi.org/10.1057/s4159​9-018-0144-2

Figueiras A (2014) How to tell stories using visualization. In: 18th 
international conference on information visualisation Paris, pp 
18–26. https​://doi.org/10.1109/iv.2014.78

Grainger S (2017) Tailoring visualisations for enhanced scientific 
engagement, collaboration, and knowledge exchange within 
multi-actor water resources governance (Ph.D.). Imperial Col-
lege London.

Grainger S, Mao F, Buytaert W (2016) Environmental data visuali-
sation for non-scientific contexts: Literature review and design 
framework. Environ Model Softw 85:299–318. https​://doi.
org/10.1016/j.envso​ft.2016.09.004

Green SJ, Grorud-Colvert K, Mannix H (2018) Uniting science 
and stories: perspectives on the value of storytelling for com-
municating science. FACETS. https​://doi.org/10.1139/facet​
s-2016-0079

Harold J, Lorenzoni I, Shipley TF, Coventry KR (2016) Cognitive 
and psychological science insights to improve climate change 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s10584-019-02602-7
https://doi.org/10.1177/1750481309351206
https://doi.org/10.1177/1750481309351206
https://doi.org/10.3390/ijgi7030125
https://doi.org/10.3390/ijgi7030125
https://doi.org/10.1007/s11269-006-9098-z
https://doi.org/10.1016/j.jenvman.2010.08.029
https://doi.org/10.1016/j.jenvman.2010.08.029
https://doi.org/10.1016/j.envsci.2011.10.005
https://doi.org/10.1016/j.envsci.2011.10.005
https://doi.org/10.1057/s41599-017-0046-8
https://doi.org/10.1057/s41599-017-0046-8
https://kbase.ncr-web.org/wp-content/storyline-app/index.html?appid=90b2538f506442599de0bb035ed053fd
https://kbase.ncr-web.org/wp-content/storyline-app/index.html?appid=90b2538f506442599de0bb035ed053fd
https://doi.org/10.1002/esp.4100
https://doi.org/10.1002/esp.4100
https://doi.org/10.2139/ssrn.372280
https://doi.org/10.2139/ssrn.372280
https://doi.org/10.4195/nse2018.04.0008
https://doi.org/10.4195/nse2018.04.0008
https://doi.org/10.1080/17524032.2018.1504098
https://doi.org/10.1016/j.ocecoaman.2014.09.003
https://doi.org/10.1016/j.ocecoaman.2015.05.002
https://doi.org/10.1016/j.ocecoaman.2015.05.002
https://doi.org/10.1057/palcomms.2017.93
https://doi.org/10.1057/palcomms.2017.93
https://doi.org/10.1007/s00267-018-1028-3
https://doi.org/10.1007/s00267-018-1028-3
https://doi.org/10.1073/pnas.1317502111
https://doi.org/10.1073/pnas.1317502111
https://storymaps.arcgis.com/en/five-principles/
https://storymaps.arcgis.com/en/five-principles/
https://doi.org/10.1057/s41599-018-0144-2
https://doi.org/10.1109/iv.2014.78
https://doi.org/10.1016/j.envsoft.2016.09.004
https://doi.org/10.1016/j.envsoft.2016.09.004
https://doi.org/10.1139/facets-2016-0079
https://doi.org/10.1139/facets-2016-0079


1031Sustainability Science (2020) 15:1013–1032	

1 3

data visualization. Nat Clim Change 6:1080–1089. https​://doi.
org/10.1038/nclim​ate31​62

Hartley J (2012) New ways of making academic articles easier to read. 
Int J Clin Health Psychol 12:143–160 (ISSN 1697-2600)

Heink U, Marquard E, Heubach K, Jax K, Kugel C, Neßhöver C, Neu-
mann RK, Paulsch A, Tilch S, Timaeus J, Vandewalle M (2015) 
Conceptualizing credibility, relevance and legitimacy for evalu-
ating the effectiveness of science–policy interfaces: challenges 
and opportunities. Sci Public Policy 42:676–689. https​://doi.
org/10.1093/scipo​l/scu08​2

Herring J, van Dyke MS, Cummins RG, Melton F (2017) Communicat-
ing local climate risks online through an interactive data visualiza-
tion. Environ Commun 11:90–105. https​://doi.org/10.1080/17524​
032.2016.11769​46

Hulscher SJMH, Schielen RMJ, Augustijn DCM (2016) RiverCare 
knowledge dissemination days October 31–November 2016. NCR 
Publication No. 40-2016. https​://ris.utwen​te.nl/ws/porta​lfile​s/
porta​l/18884​847 (ISSN 1568-234X)

Hung Y-H, Parsons P (2018) Affective engagement for communica-
tive visualization : quick and easy evaluation using survey instru-
ments. In: Presented at the conference: visualization for communi-
cation (VisComm): an IEEE VIS WorkshopAt: Berlin, Germany.

Jones M, Crow D (2017) How can we use the ‘science of stories’ to 
produce persuasive scientific stories? Palgrave Commun 3:53. 
https​://doi.org/10.1057/s4159​9-017-0047-7

Kallaher A, Gamble A (2017) GIS and the humanities: presenting a 
path to digital scholarship with the story map app. Coll Undergrad 
Libr 24:559–573. https​://doi.org/10.1080/10691​316.2017.13273​
86

Kosara R, Mackinlay J (2013) Storytelling: the next step for visualiza-
tion. Computer 46:44–50. https​://doi.org/10.1109/MC.2013.36

Krzywinski M, Cairo A (2013) Storytelling. Nat Methods 10:687–687. 
https​://doi.org/10.1038/nmeth​.2571

Leggett M, Finlay M (2001) Science, story, and image: a new approach 
to crossing the communication barrier posed by scientific Jargon. 
Public Underst Sci 10:157–171. https​://doi.org/10.3109/a0368​63

Lemos MC, Kirchhoff CJ, Ramprasad V (2012) Narrowing the climate 
information usability gap. Nat Clim Change 2:789–794. https​://
doi.org/10.1038/nclim​ate16​14

Lindenfeld LA, Hall DM, McGreavy B, Silka L, Hart D (2012) 
Creating a place for environmental communication research in 
sustainability science. Environ Commun 6:23–43. https​://doi.
org/10.1080/17524​032.2011.64070​2

Maher R, Maher M, McAlpine CA, Mann S, Seabrook L (2018) Over-
coming barriers to sustainability by combining conceptual, visual, 
and networking systems. Sustain Sci 13:1357–1373. https​://doi.
org/10.1007/s1162​5-018-0576-z

Majooni A, Masood M, Akhavan A (2018) An eye-tracking study on 
the effect of infographic structures on viewer’s comprehension and 
cognitive load. Inf Vis 17:257–266. https​://doi.org/10.1177/14738​
71617​70197​1

McInerny GJ, Chen M, Freeman R, Gavaghan D, Meyer M, Rowland 
F, Spiegelhalter DJ, Stefaner M, Tessarolo G, Hortal J (2014) 
Information visualisation for science and policy: engaging users 
and avoiding bias. Trends Ecol Evol 29:148–157. https​://doi.
org/10.1016/j.tree.2014.01.003

Mehlenbacher AR (2019) Science communication online: engaging 
experts and publics on the internet. The Ohio State University 
Press, Columbus, Doi: 10.26818/9780814213988

Morgan DL (2008) Focus Groups. In: Given L (ed) The SAGE ency-
clopedia of qualitative research methods. SAGE Publications, 
Thousand Oaks, pp 353–354

Murray, M., Sools, A., 2015. Chapter 9. Narrative research, in: qualita-
tive research in clinical and health psychology. Palgrave Macmil-
lan, London. pp 133–154.

Negrete A (2014) The science of telling stories evaluating science com-
munication via narratives RIRC method. J Media Commun Stud 
24:98–110

Newig J, Schulz D, Fischer D, Hetze K, Laws N, Lüdecke G, Rieck-
mann M (2013) Communication regarding sustainability: concep-
tual perspectives and exploration of societal subsystems. Sustain-
ability 5:2976–2990. https​://doi.org/10.3390/su507​2976

O’Brien HL, Toms EG (2008) What is user engagement? A concep-
tual framework for defining user engagement with technology. 
J Am Soc Inf Sci Technol 59:938–955. https​://doi.org/10.1002/
asi.20801​

Padian K (2018) Narrative and “anti-narrative” in science: how sci-
entists tell stories, and don’t. Integr Comp Biol. https​://doi.
org/10.1093/icb/icy03​8

Rohrmann B (1992) The evaluation of risk communication effec-
tiveness. Acta Psychol (Amst) 81:169–192. https​://doi.
org/10.1016/0001-6918(92)90004​-W

Roux DJ, Rogers KH, Biggs HC, Ashton PJ, Sergeant A (2006) Bridg-
ing the science–management divide: moving from unidirectional 
knowledge transfer to knowledge interfacing and sharing. Ecol 
Soc 11(1):4. http://www.ecolo​gyand​socie​ty.org/vol11​/iss1/art4/

Schneider F, Buser T (2018) Promising degrees of stakeholder interac-
tion in research for sustainable development. Sustain Sci 13:129–
142. https​://doi.org/10.1007/s1162​5-017-0507-4

Schrepp M, Hinderks A, Thomaschewski J (2017) Design and evalu-
ation of a short version of the user experience questionnaire 
(UEQ-S). Int J Interact Multimed Artif Intell 4:103. https​://doi.
org/10.9781/ijima​i.2017.09.001

Segel E, Heer J (2010) Narrative visualization: telling stories with 
data. IEEE Trans Vis Comput Graph 16:1139–1148. https​://doi.
org/10.1109/TVCG.2010.179

Stephens SH, DeLorme DE, Hagen SC (2014) An analysis of the nar-
rative-building features of interactive sea level rise viewers. Sci 
Commun 36:675–705

Stewart IS, Nield T (2013) Earth stories: context and narrative in the 
communication of popular geoscience. Proc Geol Assoc Geocon-
servation Sci Soc 124:699–712. https​://doi.org/10.1016/j.pgeol​
a.2012.08.008

Sturm U, Tscholl M (2019) The role of digital user feedback in a user-
centred development process in citizen science. J Sci Commun 
18(01):A03. https​://doi.org/10.22323​/2.18010​203

The Data Visualisation Catalogue [WWW Document], 2018. https​://
datav​izcat​alogu​e.com/. Accessed 10.18.18.

van Denderen P (2018) How do side channels develop? In: River-
Care. https​://kbase​.ncr-web.org/wp-conte​nt/story​line-app/index​
.html?appid​=be640​8b2aa​304dd​7948c​f0874​54e64​92. Accessed 
16 Mar 2020

van Denderen RP, Schielen RMJ, Blom A, Hulscher SJMH, Kleinhans 
MG (2018) Morphodynamic assessment of side channel systems 
using a simple one-dimensional bifurcation model and a com-
parison with aerial images. Earth Surf Process Landf. 1169–1182. 
Doi: 10.1002/esp.4267

Venhuizen GJ, Hut R, Albers C, Stoof CR, Smeets I (2019) Flooded 
by jargon: how the interpretation of water-related terms differs 
between hydrology experts and the general audience. Hydrol Earth 
Syst Sci 23:393–403. https​://doi.org/10.5194/hess-23-393-2019

Verbrugge L (2018) How to take public perceptions into account? 
In: RiverCare. https​://kbase​.ncr-web.org/wp-conte​nt/story​line-
app/index​.html?appid​=3108a​53b5f​0147f​b90e7​cb3c8​6b98c​17. 
Accessed 16 Mar 2020

Verbrugge LNH, Ganzevoort W, Fliervoet JM, Panten K, van den Born 
RJG (2017) Implementing participatory monitoring in river man-
agement: the role of stakeholders’ perspectives and incentives. J 
Environ Manage. https​://doi.org/10.1016/j.jenvm​an.2016.11.035

https://doi.org/10.1038/nclimate3162
https://doi.org/10.1038/nclimate3162
https://doi.org/10.1093/scipol/scu082
https://doi.org/10.1093/scipol/scu082
https://doi.org/10.1080/17524032.2016.1176946
https://doi.org/10.1080/17524032.2016.1176946
https://ris.utwente.nl/ws/portalfiles/portal/18884847
https://ris.utwente.nl/ws/portalfiles/portal/18884847
https://doi.org/10.1057/s41599-017-0047-7
https://doi.org/10.1080/10691316.2017.1327386
https://doi.org/10.1080/10691316.2017.1327386
https://doi.org/10.1109/MC.2013.36
https://doi.org/10.1038/nmeth.2571
https://doi.org/10.3109/a036863
https://doi.org/10.1038/nclimate1614
https://doi.org/10.1038/nclimate1614
https://doi.org/10.1080/17524032.2011.640702
https://doi.org/10.1080/17524032.2011.640702
https://doi.org/10.1007/s11625-018-0576-z
https://doi.org/10.1007/s11625-018-0576-z
https://doi.org/10.1177/1473871617701971
https://doi.org/10.1177/1473871617701971
https://doi.org/10.1016/j.tree.2014.01.003
https://doi.org/10.1016/j.tree.2014.01.003
https://doi.org/10.3390/su5072976
https://doi.org/10.1002/asi.20801
https://doi.org/10.1002/asi.20801
https://doi.org/10.1093/icb/icy038
https://doi.org/10.1093/icb/icy038
https://doi.org/10.1016/0001-6918(92)90004-W
https://doi.org/10.1016/0001-6918(92)90004-W
http://www.ecologyandsociety.org/vol11/iss1/art4/
https://doi.org/10.1007/s11625-017-0507-4
https://doi.org/10.9781/ijimai.2017.09.001
https://doi.org/10.9781/ijimai.2017.09.001
https://doi.org/10.1109/TVCG.2010.179
https://doi.org/10.1109/TVCG.2010.179
https://doi.org/10.1016/j.pgeola.2012.08.008
https://doi.org/10.1016/j.pgeola.2012.08.008
https://doi.org/10.22323/2.18010203
https://datavizcatalogue.com/
https://datavizcatalogue.com/
https://kbase.ncr-web.org/wp-content/storyline-app/index.html?appid=be6408b2aa304dd7948cf087454e6492
https://kbase.ncr-web.org/wp-content/storyline-app/index.html?appid=be6408b2aa304dd7948cf087454e6492
https://doi.org/10.5194/hess-23-393-2019
https://kbase.ncr-web.org/wp-content/storyline-app/index.html?appid=3108a53b5f0147fb90e7cb3c86b98c17
https://kbase.ncr-web.org/wp-content/storyline-app/index.html?appid=3108a53b5f0147fb90e7cb3c86b98c17
https://doi.org/10.1016/j.jenvman.2016.11.035


1032	 Sustainability Science (2020) 15:1013–1032

1 3

Witting A (2017) Insights from ‘policy learning’ on how to enhance the 
use of evidence by policymakers. Palgrave Commun 3:49. https​://
doi.org/10.1057/s4159​9-017-0052-x

Xexakis G, Trutnevyte E (2019) Are interactive web-tools for environ-
mental scenario visualization worth the effort? An experimen-
tal study on the Swiss electricity supply scenarios 2035. Envi-
ron Model Softw 119:124–134. https​://doi.org/10.1016/j.envso​
ft.2019.05.014

Young N, Nguyen VM, Corriveau M, Cooke SJ, Hinch SG (2016) 
Knowledge users’ perspectives and advice on how to improve 

knowledge exchange and mobilization in the case of a co-managed 
fishery. Environ Sci Policy 66:170–178. https​://doi.org/10.1016/j.
envsc​i.2016.09.002

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1057/s41599-017-0052-x
https://doi.org/10.1057/s41599-017-0052-x
https://doi.org/10.1016/j.envsoft.2019.05.014
https://doi.org/10.1016/j.envsoft.2019.05.014
https://doi.org/10.1016/j.envsci.2016.09.002
https://doi.org/10.1016/j.envsci.2016.09.002

