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RESEARCH ARTICLE

Trusted storytellers as freshwater restoration knowledge
brokers: individual and collective voices can both be effective

Katharina Doehringa,b, Cathy Coleb,c, Paula Casanovasa, Roger Younga and
Nancy Longneckerb

aCawthron Institute, Nelson, New Zealand; bDepartment of Science Communication, University of Otago,
Dunedin, New Zealand; cCentre for Alternative Technology, Machynlleth, UK

ABSTRACT

Aotearoa New Zealand’s aquatic ecosystems are declining despite
widespread awareness of mitigation needs. This study employs
storytelling to address this issue, testing the role of the messenger
in encouraging freshwater restoration in rural catchment
communities. We quantified peer-to-peer knowledge exchange on
three cognitive processes (retention and extraction of information,
motivation to reproduce modelled restoration behaviour, and recall
of acquired information), using ArcGIS® ‘StoryMaps’. We created two
restoration stories; one told through the voice of a respected
catchment group member known for leadership, and one through
a collective catchment group voice. We surveyed freshwater
community members (N = 82) before and after reading the stories,
and one month later, and found that participants reading either
catchment restoration story (1) accepted both the catchment
collective and the respected individual member as a trusted source,
and could therefore relate to either, and (2) thought the story was
informative and contained new details, independent of the time
span land holders have been actively restoring. While our study
found no significant differences between individual or collective
storytellers, it confirms the value of trusted messengers as
restoration knowledge brokers in rural catchment communities, a
critical step in value-led freshwater restoration at large scales.
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Introduction

Globally, the restoration of freshwater ecosystems has become a large and growing chal-
lenge, mitigating against damaging human activities. Intensive agricultural practices
especially have resulted in water quality degradation (Mateo-Sagasta et al. 2017; UN
Water – WWAP 2022; NZ Ministry for the Environment and Stats NZ 2023). Restor-
ation, including similar concepts like river rehabilitation or mitigation can include phys-
ical measures (e.g. the re-establishment of natural flow regimes through expanding
floodplains, sustainable management of the land surrounding a waterway (Sayer et al.
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2018; Gann et al. 2019)) as well as social-ecological interventions (e.g. stakeholder par-
ticipation in decision-making (Reed 2008; Scott 2015; Newig et al. 2023)).

With regards to the latter, community-led freshwater collectives are a collaboration of
people who take ownership of a problem, jointly addressing the most pressing issues at
local scales. These collaborations build from existing connections between people who
share an attachment to the land and people in their catchment1, often because they
live close to the waterway of concern. Together they bring about on-the-ground
change by working collectively and sitting at the core of decision-making, a principle
commonly termed ‘grassroot’ community engagement (O’Meara et al. 2007; Ministry
of Agriculture and Forestry 2010). They foster governance and responsibilities grounded
in local culture and social and community values (Wakefield et al. 2006), generating posi-
tive social and environmental outcomes (Gunningham and Holley 2016; Bodin 2017;
Innes and Booher 2018). These groups are commonly supported by substantial invest-
ments by government, industry and philanthropic organisations (Shanahan et al. 2021).

Community-based catchment (or watershed) management is currently prevalent
around the globe (e.g. da Costa Silva 2011; Pumicestone Region Catchment Coordination
Association Inc 2017; Mekuriaw and Amsalu 2023). In Aotearoa New Zealand, for
example, the Southland region has established 35 community catchment groups since
2013, forming a network covering over 90% of the Southland region. Their vision is to
‘create a prosperous Southland, healthy people, healthy environment from the mountain
to the sea.’ (Thriving Southland 2023). These catchment groups achieve their goals by
supporting farmers to navigate regulation changes and future challenges such as
climate change and help them to get ahead of issues by participating in events and pro-
jects to develop localised responses that reflect their expertise and experience. In 2021/22
the Southland Region groups held 156 catchment meetings and events with 2,657 atten-
dees, receiving NZ$ 623,015 worth of funding that covered 41 projects (Thriving South-
land 2022). Similarly, a group of farmers and growers from the Taranaki Region came
together in 2020 as ‘Taranaki Catchment Communities’ to establish 15 catchment groups
under the region-wide umbrella organisation. Their collective aim is to ‘lead, engage and
mobilise Taranaki’s rural sector to ensure a more environmental, economic and socially sus-
tainable future’ (Taranaki Catchment Communities 2023). Within three years, the Taranaki
region has had 6000 volunteer hours committed to setting up the 15 groups and facilitated 60
events which have been attended by more than 500 farmers. This surge in community-led
freshwater restoration groups means that a large (and growing) proportion of rural citizens
now participate in freshwater ecosystem restoration activities in Aotearoa New Zealand
(Peters et al. 2015; Tadaki et al. 2020; McFarlane et al. 2021).

The value of stories for information exchange

Collaboration in freshwater restoration takes place at all scales, from small district to
large regional scales. As the scale increases, so does the complexity of restoration
decision-making due to the differences and heterogeneity in environmental, cultural
and social values, economies and politics (Kark et al. 2015). This complexity should
also be considered for cross-boundary knowledge exchange. In Aotearoa New
Zealand, many freshwater restoration groups have been restoring their catchments for
decades and have a wealth of knowledge about actions that have and haven’t worked.
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Exchanging restoration knowledge between catchment communities across boundaries
allows freshwater restoration communities to learn from each other about their restor-
ation experiences (Doehring et al. 2023), help prevent mistakes being repeated and
enable more impactful pro-environmental behaviour (Blackmore 2007; Armitage et al.
2008).

To encourage behaviour change, it is important to know which intervention strategies
are most effective and under which circumstances for particular groups of people. More
recently, the role of storytelling in freshwater management has been explored as a way to
contextualise various types of knowledge to support management processes through col-
laborative action (Stevens 2022), and for the sharing of restoration knowledge as a strat-
egy to maintain restoration momentum (Doehring et al. 2023).

Stories have been integral to human culture and are instrumental in our cognitive pro-
cesses of retention and extraction of information (e.g. Morris et al. 2019; Goyes 2022;
Robin et al. 2022). Stories allow us to effectively share knowledge and learning, engage
us by evoking emotion and compel us to think and behave differently (Dahlstrom
2014). Van Bavel et al. (2021) suggest that stories about personal experiences that are
shared in a genuine and caring manner are more digestible than argumentative or
generic commentary. And Negrete and Lartigue (2010) suggest that information con-
veyed in the form of stories is retained for longer periods than information presented
in a factual way, making stories an ‘important means for science communication to
transmit information in an accurate, memorable and enjoyable way’ (p. 104).

However, while information provision (in form of stories) is a critical component of
behaviour change, information is made meaningful only after it is placed within a certain
social network. If we then also believe this network (in our study restoration catchment
groups) to be trustworthy, an audience is likely to feel the same about knowledge that
comes from that social network (i.e. that knowledge is considered to be true) (Collins
1992; Jasanoff 1998). Essential here is the element of trust, a heuristic used to evaluate
information which is based, amongst other factors, on whether new information
comes from credible sources that are also trusted by peers (Lewandowsky et al. 2012).
For example, Brown and Roper (2017) showed that farmers are more likely to adopt
new practices and technologies when that demonstration was undertaken within
farmer networks, because these networks already provided that interpersonal trust. Simi-
larly, farmers did not tend to trust information that came from people with limited
farming experience (Mauro et al. 2009; Rust et al. 2020; Skaalsveen et al. 2020). So,
social similarity to an audience allows them to identify with the storyteller and is key
in building trust (Neef and Neubert 2011). Once an audience can identify with a story-
teller and content is understood, modelled behaviour (in our case the uptake of sustain-
able restoration actions and the act of sharing restoration knowledge) is more likely to be
adopted (Toolan 1988; Oatley 1999; Dahlstrom 2014; Sundin et al. 2018).

The potential of storytelling to trigger behaviour change has not been fully recognised
as an effective technique for engaging behaviour-changing pathways in the conservation
and restoration sectors. While researchers have started to address this knowledge gap
(e.g. Morris et al. 2019; Goyes 2022; Robin et al. 2022), evidence is lacking about the
part messengers (in our case storytellers) play as trusted role models. Our research
aims to bridge this knowledge gap. Specifically, we explore the role that an individual
or a collective storyteller voice may play in encouraging freshwater communities to
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increase on-land restoration actions. In this study, we used digital storytelling as a
medium for sharing freshwater restoration knowledge.

Digital stories as a medium for peer-to-peer restoration knowledge exchange

Online interactive communication tools to share information in the form of stories are
popular due to their ability to engage a wide range of audiences, their relative simplicity
for users, and their potential for wide reach over a short timespan (Cortes Arevalo et al.
2020). Restoration knowledge and advice networks are important components of rural
communities’ innovation systems (Fielke et al. 2020). Worldwide, land managers and
catchment groups build ‘digital relationships’ online with their peers, communicating
with each other and potentially forming communities of practice (Rust et al. 2022).
Peer-to-peer information exchange enables rural communities to engage and learn
from each other. Farmers, for example, often believe that information conveyed from
another farmer is more useful than from others, especially where this information has
demonstrated value and benefits to other farmers in their network (Blackstock et al.
2010). Rust et al. (2022), for example, documented farmers’ preference for learning
about restoration actions from other farmers through in-person events such as farm
visits. Further research confirms the critical role of peers as advisors and support,
suggesting successful sharing occurs when the farmer sharing the knowledge does not
have a conflicting agenda but has applied, practical experience relevant to the farmer
seeking information (Wood et al. 2014; McKitterick et al. 2019; Rust et al. 2022). This
means that farmers see themselves and other farmers as experts (Palmer et al. 2009),
acknowledging the many different sources from which knowledge is generated,
notably by the farming community themselves (Chambers et al. 1989).

Many catchment groups have active Facebook pages where they publish information
about freshwater restoration, publicise upcoming community engagements and link to
other restoration-related knowledge and/or activities (e.g. Brisbane Catchments
Network Australia 2023, 2200 followers; Friends of the River Roding 2023, UK, 2700
members; Pomahaka Catchment Project 2023, Aotearoa New Zealand, 1200 followers).
However, while digital storytelling is a popular tool amongst catchment groups to
share information, it is unclear whether this supports pro-environmental behaviour.
To fill this gap, we quantitatively tested the effect of recognised freshwater restoration
storytellers on information uptake, recall and motivation to restore. To do this we
used ArcGIS® ‘StoryMaps’ (esri; https://storymaps.arcgis.com/; accessed 18.05.2023) as
a digital storytelling medium to exchange restoration knowledge across restoration com-
munities in Aotearoa New Zealand. We created one story that was told by a catchment
group through a ‘collective voice’and one story that was told by an individual member or
‘influencer’. We tested these two storytelling methods in the context of Social Cognitive
Theory.

Social cognitive theory and pro-environmental behaviour change

Learning through modelling the behaviour of peers is a concept recognised as ‘obser-
vational learning’ in Bandura’s Social Cognitive Theory (Bandura 1989), the theoretical
framework used in our research. Observational learning postulates that learning can
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occur by observation and/or interaction with others in communities through the
process of behaviour modelling, rather than individual cognitive learning. In the
field of environmental management, it has been recognised that observational learning
can help avoid repetition of past management failures in complex social-ecological
systems (Blackmore 2007; Armitage et al. 2008). In rural catchment community
terms, this would be ‘looking over the fence to see what my neighbour has done’,
rather than solely ‘learning by doing’. The land holder over the fence then acts as a
‘model’ or an ‘influencer’, a critical source of learning within farming communities
(Burton 2004; Zeng et al. 2022).

Social Cognitive Theory provides a framework for understanding psycho-social mech-
anisms that influence human thought, and for predicting and changing human behaviour
(Bandura 1989). Story parts or narrative elements influence cognitive involvement by
sparking the interest of the audience in a way that they can identify, recall, remember,
and contextualise the content (Dahlstrom 2014). Providing information that resonates
with the audience is an important aspect of whether new information is used (Long-
necker 2016, 2023).

We hypothesised that audiences who received freshwater restoration knowledge
shared by an individual ‘model’, in our case a farmer called Mark on behalf of ‘his’ catch-
ment group, would pay greater attention to the information, remember more of the
information provided, and be more likely to restore in the future. In contrast, we pre-
dicted that audiences who received restoration knowledge from a catchment community
(i.e. a collective voice) would take up less information, recall fewer details and be less
motivated to restore their freshwaters. The following four cognitive processes were
used to test our hypotheses (Figure 1).

Retention and extraction of information | hypothesis 1
Attentional processes determine what people observe from modelling influences and
what information they retain and extract from what they notice (Bandura 1989). In

Figure 1. Four cognitive processes that impact restoration knowledge transfer and pro-environmental
behaviour change tested by applying Social Cognitive Theory.
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our case, the individual storyteller, Mark, is an influential model who shares his fresh-
water restoration knowledge in the form of a catchment story. We predicted that audi-
ences who observed Mark’s behaviour would be more likely to pay attention to his
behaviour and extract information from what they notice, in comparison to audiences
that read the story with a collective storytelling voice.

Motivation to reproduce modelled behaviour | hypothesis 2
For a modelled behaviour to be copied, the reader needs to be motivated. We tested this
with our second hypothesis whereby we asked about the audience’s inspiration in
response to the story (H2.1) and intention (H2.2) to restore and share knowledge. We
predicted that our audience’s inspiration and intention to restore would be influenced
by the credibility of the storyteller and his/their modelled restoration behaviour.

Reproduction | hypothesis 3
Reproduction of a modelled behaviour is a desired outcome that may occur after the
viewer’s interaction with the text, visuals, and interface of a story. Our third hypothesis
tested whether participants acted on their inspirations (H3.1) and intentions (H3.2) to
restore and share knowledge one month later.

Recall | hypothesis 4
Recall refers to the mental process of retrieval of information that was previously seen
or experienced. For learning to take place, it requires that the information that is pro-
cessed is committed to memory and can be recalled when needed. In our study, we
hypothesised that landholders who observed an individual’s catchment story could
better recall details presented in the story, compared to the same details presented in
the collective voice story.

The need for this research

As freshwater ecosystems deteriorate globally, guidance for on-land freshwater restor-
ation is widely available to counter these trends. However, the abundance of infor-
mation can lead to overload, complicating the distinction between valuable and
subpar content. According to Baumgart-Getz et al. (2012), quality information –

not quantity – drove successful adoption of agricultural best practices in the
United States. In Aotearoa New Zealand, rural land holders need to be able to
filter and prioritise any information that comes their way, too, making knowledge
exchange from trusted sources more important than ever. To enhance trust and
usability, information should be communicated in an understandable, relatable
manner (McKitterick et al. 2019) and we argue that catchment restoration stories
may be a suitable tool, minimising the risk of information overload and resulting
in meaningful information uptake.

In addition, Aotearoa New Zealand’s land holders have consistently faced demands to
comply with recently established freshwater management legislation as part of the
National Policy Statement for Freshwater Management 2020 (NZ Ministry for the
Environment 2020). This policy mandates completion of regional plan changes by
2025, listing 22 standards for which the primary mechanism to achieve improvement
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is individual farm plans. Not only do these plan alterations require land holders to under-
stand what changes they will have to implement to comply with the law, they also must
adapt land management practices within a relatively short timeframe. Restoration com-
munication through storytelling is likely to help with the effective implementation of
these required changes.

Materials and methods

Storymaps as a testing mechanism

To test the effects of storytelling on information extraction, recall and motivation to
restore and share knowledge, we created two stories. One story was told in a ‘col-
lective voice’ by a catchment group with no identified individual storyteller (referred
to as ‘Collective’s story’; https://arcg.is/GOC4D; accessed 2023 Sept 06). This story
described restoration efforts of the Rangitīkei Rivers Catchment Community, a
community-based freshwater restoration group in the North Island of Aotearoa
New Zealand (Rangitīkei Rivers Catchment Community 2023). The farmer-led
group was established in 2017 to encourage and facilitate farmers to work collec-
tively within their catchment to ‘set environmental standards that improve our
waterways, soils, and enhance biodiversity’. We used this group as a pilot to
quantify the effects of ‘collective learning’ using restoration storytelling. The
second story was told by an individual ‘influencer’ who is a known and respected
Rangitīkei Rivers Catchment Community member, Mark (referred to as ‘Mark’s
story’; https://arcg.is/0L8Lmj; accessed 2023 Sept 06). Both stories were co-designed
with the Rangitīkei Rivers Catchment Community to ensure authenticity of the
content and ‘voices’ used.

To tell the story in an interactive and engaging way, we used ArcGIS® StoryMaps
(ESRI 2023) which are a visual storytelling tool that offers a mixed media approach
combining different functionalities such as maps, videos, graphs, and text into a
simple online interface. On the tool, stories are set-up like a website, whereby users
scroll through the content, allowing them to engage and interact with the story (Kalla-
her and Gamble 2017) through navigating, zooming and hyperlinking, thereby being a
‘complete and promising means of communication’ (Oubennaceur et al. 2021, p. 2). By
using this tool, we were able to test two independent stories hosted on the same plat-
form using the same system, ensuring information shared on the platform was kept
secure and was accessible by our survey participants only. This allowed us to analyse
user-specific behaviour through Google Analytics. StoryMaps have become a well-
recognised tool for conveying environmental information in Aotearoa New Zealand
with a broad user-base including national government (e.g. NZ Ministry for the
Environment 2023), regional government (e.g. Northland Regional Council 2022),
community organisations (e.g. NZ Landcare Trust 2022) and catchment care groups
(e.g. Te Hoiere Project 2021) alike.

To enable qualitative and quantitative comparisons, the layout and content were
the same apart from a short additional introduction of Mark as the storyteller in
Mark’s story which increased the word count from 1057 (Collective’s story) to 1184
words (Mark’s story).
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Data collection

Survey design and set up
We used a web-based survey to collect our data designed and hosted through Qualtrics©
software (https://www.qualtrics.com). The survey questionnaire was workshopped and
pilot tested with representatives of Aotearoa New Zealand catchment groups with
whom we had existing relationships. It was refined based on their feedback to ensure
questions and terminology were clear. Pilot testing can help decrease question context
effects (Cobanoglu et al. 2001) and our pilot testing did so. This allowed us to
measure retention and recall of information, and motivation for restoration reliably
and validly, before using the questions in a real situation, as recommended by Etchegaray
and Fischer (2011).

The overall survey structure consisted of two separate surveys – the Intervention
Survey and the Follow-up Survey (Figure 2). The Intervention Survey consisted of
four parts: Part 1 which covered welcome pages and general introductory questions,
Part 2 which randomly assigned participants to one of the two storytelling methods (Col-
lective’s or Mark’s story) and Part 3 which quantified the effect of the storytelling
methods as part of the Intervention Survey. Participants who expressed interest in
being part of a Follow-up Survey (Part 4), provided their contact details at the end of
Part 3 and were contacted one month later. Without further reference to the story, the

Figure 2. Two surveys were conducted for data collection – the Intervention Survey (Parts 1–3) and
the Follow-up Survey (Part 4) which was sent to willing participants one month later.
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Follow-up Survey repeated the same questions as Part 3, to test for reproduction of the
modelled behaviour and recall of facts, and differed only in their reference to the story-
teller (Figure 2).

The survey consisted of a range of question formats, including open-ended (free-
form) questions (e.g. ‘What makes the story relatable to you?’), closed-ended nominal
questions (e.g. ‘What is your age?’), partially closed-ended questions (e.g. ‘other: please
specify’), ranking questions (e.g. ‘What actions have you most commonly done, in
terms of resources spent’), multiple choice questions (e.g. ‘What holds you back from
restoring your catchment?’), and Likert-scale slider questions allowing participants to
choose where to position the slider between 0 and 100 (e.g. ‘How much do you agree
with the following statements?’).

Our research was approved by the University of Otago’s Human Ethics Committee
(D20/037); it also adhered to Cawthron Institute’s research ethics protocol (CAW-
ETH-200804). Prior to the start of the survey, all participants were reminded that
their participation was voluntary with the option to pull out any time. Responses were
anonymous but, if participants chose to contribute to the Follow-up Survey (Part 4),
they had the option to provide their names and email address. Final responses were
anonymised prior to analysis.

Survey recruitment and implementation
Target audiences for our study were rural landholders of all types of land uses (e.g. dairy,
sheep, beef, forestry) across Aotearoa New Zealand. Because waterway degradation is
most widespread in rural areas in Aotearoa New Zealand (NZ Ministry for the Environ-
ment and Stats NZ 2023), we purposefully recruited communities that can bring about
the biggest change in pro-environmental behaviour in these areas. Survey participants
were recruited via mailing lists of catchment and/or community environment groups
in Aotearoa New Zealand. Access had been established through existing connections
and related research programmes. In addition, the New Zealand Ministry for Primary
Industries, the New Zealand National Science Challenge Our Land and Water, as well
as certain industry umbrella groups (i.e. NZ Farming, Silver Fern Farms) promoted
the survey on their social media platforms. A single email address per group was used,
where possible addressed to the lead coordinator or lead communication contact. A
reminder to non-respondents was sent out two weeks after the initial recruitment
email. To incentivise participation, we explained NZ$5 would be donated to the Rural
Support Trust (www.rural-support.org.nz) for each completed survey.

Analysis of survey results
For quantitative survey analysis, we used a generalised linear model approach to explore
if the responses to the survey were different between the Collective’s and Mark’s story
and among categories of the demographic variables (Dobson 1990). We fitted these
models using a binomial family for the error distribution. The responses to the survey
questions of interest were not categorised; the participants could choose any value
between 0 and 100 on a sliding-scale. This allowed us to investigate the responses in
more granularity and understand the variability across responses. Even though the
response variable for the survey was not based on a percentage or proportion, the data
distribution had the same properties (bounded between 0 and 100). We then computed
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the estimated marginal means for specified groups in the linear models and the contrasts
among them. Probability values were adjusted using the Tukey method for comparing a
family of estimates (Lenth 2023). All quantitative analyses were carried out using the stat-
istical computing software R v4.2.3 (R Core Team 2023). We used the tidyverse v2.0.0
(Wickham et al. 2019) metapackage for data manipulation and the emmeans package
for estimating marginal means (Lenth 2023).

Demographics data were summarised using descriptive statistics. For analysis of quali-
tative, open-ended survey responses, we thematically grouped responses and tested 20%
of them for inter-rater agreements with other researchers. The final agreement was
Cohen’s kappa of 0.904 with a percentage agreement of 99% which was considered
sufficient to validate the robustness of the coding manual (Lombard et al. 2002).

Results

Survey responses and participant demographics

The Intervention Survey (Parts 1, 2 and 3; Figure 2) ran from 16 March 2023 to 7 June
2023 and received a total of 126 responses, 82 of which were fully completed and included
in the data analysis. For Mark’s story (n = 37), respondents took on average 17 min to
complete the survey, of which they spent on average 2 min and 45 s engaging with
Mark’s Story. For the Collective’s story (n = 45), participants took on average 19 min
to complete the survey of which they spent on average 3 min and 50 s engaging with
the Collective’s Story.

Survey responses were evenly distributed across Aotearoa New Zealand with 13 of the
country’s 16 regions represented. Most participants were in the Auckland (18%), Tasman
(16%) and Otago (16%) regions, with the least in the Wellington, Southland, Nelson and
Manawatū-Whanganui Regions (Table 1). The 55–64 years age group was most rep-
resented (26.8%), with the 34 year and under age group the least represented (9.8%;
Table 1). More than half of participants were sheep and beef farmers (61%), with the
second highest land use type being lifestyle2 farming (41.5%; Table 1).

All but one participant were actively restoring their land, with 37% of participants (n
= 30) having actively restored their land for more than 9 years. Sixty-five of the 82 par-
ticipants (79%) were a member of a catchment group, with almost a third of participants
(30.5%) having been part of a catchment group for less than three years. When asked to
rank land management actions based on the most resources (time and money) spent for
restoration on their land, 82% of participants indicated that they have spent most
resources on vegetation actions (e.g. planting of riparian zones, steep hill country plant-
ing), followed by stock exclusion and grazing actions (e.g. fencing of waterways; 26%)
and erosion control actions (e.g. cover crop after harvesting; sediment traps; afforesta-
tion; 20%) (Table 1).

Retention and extraction of information | hypothesis 1

Scores were consistently high for retention and extraction of information across both
storytellers (median score ≥ 80, Figure 3), indicating that participants substantially
enjoyed reading the stories. For both storytelling methods, most participants reported
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that they could relate to the restoration story (median score >80, n = 81, Figure 3A),
thought that both stories were trustworthy (median score >80, n = 72, Figure 3C),
thought the story contained interesting facts (median score >80, n = 82, Figure 3D),
learned something new (median score = 80, n = 81, Figure 3E), and liked reading the
story (median score ≥80, n = 81, Figure 3F). One participant scored consistently low
(<20) across all questions as shown by the outlier in Figures 3A, C, D, E and F. We

Table 1. Summary of participant’s demographics, land use type and restoration resources spent of
survey participants (N = 82) ranked from highest to lowest in each category.

Metric Category
Percent
(%) n

Age 55–64 26.9 22
> 65 24.4 20
45–54 23.2 19
35–44 15.9 13
Under 34 9.8 8

Geographical Region Auckland
Otago
Tasman
Canterbury
Waikato
Taranaki
Hawkes Bay
Northland
Bay of Plenty
Manawatu-Wanganui
Nelson
Southland
Wellington

18.3
15.9
15.9
14.6
7.3
6.1
4.9
4.9
2.4
2.4
2.4
2.4
2.4

15
13
13
12
6
5
4
4
2
2
2
2
2

Type of land use Sheep & Beef 61.0 50
Lifestyle 41.5 34
Dairy 26.8 22
Arable 20.7 17
Forestry 15.9 13
Horticulture 11.0 9
Deer 9.8 8
Other 26.8 22

Catchment group member Yes 79.3 65
No 19.5 16
NA 1.2 1

Time in catchment group <3 years 30.5 25
4–6 years 20.7 17
7–9 years 7.3 6
10–19 years 7.3 6
>20 years 6.1 5

NA 28.1 23
Actively restoring land to improve water quality Yes 98.8 81

No 1.2 1
Duration of actively restoring > 9 years 36.6 30

4 - 6 years 22.0 18
< 3 years 20.8 17
7 - 9 years 14.6 12
Other/ doesn’t apply 4.9 4

NA 1.2 1
Most resources spent (time and money), ranked from most resources to
least

Vegetation 81.7 67
Grazing/ Stock
exclusion

25.6 21

Erosion control 19.5 16
Nutrient management 15.9 13
Water management 6.1 5
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Figure 3. Cognitive process of ‘Retention and Extraction of restoration knowledge’ (response distri-
butions) for the stories told by either the Collective or Mark. The line inside the boxes represents
the median. The lower and upper hinges correspond to the 25th and 75th percentiles. The upper
whisker extends from the hinge to the largest value no further than 1.5 * distance between the
first and third quartiles (interquartile range (IQR)). The lower whisker extends from the hinge to
the smallest value at most 1.5 * IQR of the hinge. Dots beyond the end of the whiskers are considered
outliers, and triangles show all responses collected from the survey (sliding-scale 0–100).
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were unable to detect any statistical differences between storytelling methods for the cog-
nitive process of retention and extraction of information.

When asked to describe the stories using three words, participants used similar voca-
bulary for each story, using the same four most frequently mentioned words for both
stories (i.e. inspirational was mentioned 31 times out of 243 words for both storytelling
methods, informative was mentioned 16 times, community was mentioned 15 times and
interesting was mentioned 12 times). To understand overall perceptions participants had
of the stories, we categorised any words that contained emotional descriptions into posi-
tive and negative categories. Of the 243 words used to describe both stories, we could
attribute 86 words to an emotion (Figure 4). Of those 86 words, 62 were attributed to
positive emotions (e.g. visionary, motivating, insightful, fantastic) and 23 words to nega-
tive emotions (e.g. exaggerated, frustrating, idealistic, regressive, sad). This finding
concurs with participant’s responses that they learned something new (Figure 3E), that
the story contained interesting facts (Figure 3F), and that they liked reading the story
(Figure 3F).

Motivation to reproduce modelled behaviour | hypothesis 2

All participants agreed that restoration knowledge sharing is important (i.e. median
score > 75, n = 82, Figure 5C), were inspired by the stories to restore in the future
(i.e. median score ≥ 75, n = 78; Figure 5E), and intended to engage in restoration
actions in the future (i.e. median score > 90, n = 80; Figure 5F). Still scoring
medium to high, participants somewhat intended to share the story (i.e. median
score > 40, n = 77, Figure 5D). They felt that the story had a small impact on
their intentions to restore (i.e. median score > 30, n = 44, Figure 5A). We were
unable to detect any statistical differences between the two storytelling methods

Figure 4.Word cloud showing all words used (N = 121) to describe the Collective’s and Mark’s stories.
The size of the text depicts their frequency, with larger words being mentioned more often. The colour
of the text indicates whether it describes a positive emotion (blue, n = 62), a negative emotion (black,
n = 23), or neutral/not applicable emotion (grey, n = 46).
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Figure 5. Cognitive process of ‘Motivation to reproduce modelled behaviour’ (response distributions)
for the stories told by either the Collective or Mark. The line inside the boxes represents the median.
The lower and upper hinges correspond to the 25th and 75th percentiles. The upper whisker extends
from the hinge to the largest value no further than 1.5 * distance between the first and third quartiles
(interquartile range (IQR)). The lower whisker extends from the hinge to the smallest value at most 1.5
* IQR of the hinge. Dots beyond the end of the whiskers are considered outliers, and triangles show all
responses collected from the survey (sliding-scale 0–100).
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when asked to what degree participants were motivated to reproduce modelled
behaviour by the storytellers.

Reproduction | hypothesis 3

We tested whether participant’s intentions and inspirations to restore their land and share
restoration knowledge held true to what they had indicated a month prior. Of the 82 par-
ticipants who had completed the first survey, almost half (48%, n = 39, 19 from the Col-
lective’s story and 20 from Mark’s story) agreed to be contacted for a follow-up survey
one month later.

Intention and inspiration to restore their land
There were no significant differences between the two storytelling methods, meaning that
our participant’s intention and inspiration to restore over a one-month period were
similar between storytellers.

When looking across both storytelling methods and across both intention and inspi-
ration, of the 39 people that filled in the Follow-up Survey, more participants reported
that they had engaged in restoration actions (n = 27, (Figures 6A and C)), than not
engaged in restoration actions (n = 12, Figures 6B and D) over the one-month period
between the two surveys. Even the three participants who read the Collective’s story
but were not inspired by the story (score <20) engaged in restoration actions one
month later (Figure 6C).

Of the twelve people who did not restore, the most stated reasons across both story-
telling methods were that one month between the questionnaires was too short a time-
frame to conduct any actions (six people), that autumn was the wrong season to do any
restoration actions (five people), and that they were too busy to restore (two people). Two
participants made the clear distinction that while they had been restoring over the last
month, they had not implemented any ‘new’ restoration actions. We were unable to
determine whether the participant’s restoration behaviour was a result of our stories,
or because they were already an actively restoring community, a limitation we will
further discuss below.

Intention and inspiration to share restoration knowledge and reach out to the
influencer.
We hypothesised that participants who read Mark’s story would be more likely to share

restoration knowledge one month later than participants that read the Collective’s story.
Of the 41 participants who took part in the Follow-up Survey, 33 (80%) reported that
they had shared restoration knowledge over the last month, with no significant difference
in responses between the two storytelling methods. This finding aligns with the responses
we collected for the Intervention Survey where participants had agreed that sharing
knowledge is important (score >60, Figure 7A). Only six participants (15%) reported
that they had not shared any restoration knowledge over the last month, and even
these had reported that sharing is important one month prior (Figure 7B).

Of the 33 participants who had shared restoration knowledge, 17 (52%) reported that
they had shared information with their wider (restoration) community, nine (27%) with
their catchment group, three (9%) with farmers and four (12%) with ‘others’
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Figure 6. Participants who intended to engage in restoration or were inspired by the story to restore one
month ago (y-axis) either restored over the last month (Yes, I restored) or didn’t restore over the last month
(No, I didn’t restore) compared across the two storytelling methods (x-axis; Collective story and Mark story).
The line inside the boxes represents the median. The lower and upper hinges correspond to the 25th and
75th percentiles. The upper whisker extends from the hinge to the largest value no further than 1.5 * dis-
tance between the first and third quartiles (interquartile range (IQR)). The lower whisker extends from the
hinge to the smallest value at most 1.5 * IQR of the hinge. Dots beyond the end of the whiskers are con-
sidered outliers, and triangles show all responses collected from the survey (sliding-scale 0–100).
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(e.g. business, clients, students). The six people that had not shared any restoration
knowledge (Figure 7B) said they did not do so because they were too busy (n = 2),
didn’t have the opportunity over the last month (n = 2), didn’t feel qualified enough to
share their knowledge (n = 1), or hadn’t associated with relevant people (n = 1).

We hypothesised that participants who read Mark’s story would be more likely to
share his story compared to participants who read the Collective’s story. Analysis
showed that storytellers had no significant influence on whether participants
shared a story, or not. Of the 41 participants that completed the Follow-up Survey,
30 (73%) reported that they had not shared their specific story over the last month,
even though the majority had (somewhat) agreed to do so one month previously
(median score > 50, Figure 8B). Of the eight participants who ended up sharing
the story, four (10%) reported that they ‘neither agreed nor disagreed’ to share the
story and four (10%) ‘somewhat agreed’ to share the story one month prior (Figure
8A). Six (75%) shared their specific story with the wider (restoration) community

Figure 7. Participants who intended to share restoration knowledge one month ago (y-axis) shared
knowledge over the last month (Yes, I shared knowledge), or didn’t share knowledge over the last
month (No, I didn’t share) for the two storytelling methods (Collective story and Mark story). The
line inside the boxes represents the median. The lower and upper hinges correspond to the 25th
and 75th percentiles. The upper whisker extends from the hinge to the largest value no further
than 1.5 * distance between the first and third quartiles (interquartile range (IQR)). The lower
whisker extends from the hinge to the smallest value at most 1.5 * IQR of the hinge. Dots beyond
the end of the whiskers are considered outliers, and triangles show all responses collected from
the first survey one month prior (sliding-scale 0–100).
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and two (25%) with their catchment group. Two participants that read Mark’s story
didn’t reply to the intention question in the first survey, however one of those two did
share the story. We did not perform a generalised linear model to test for the differ-
ences described above, because of the imbalance in the distribution of participants
between the storytelling methods (Figure 8). The four most stated reasons for not
sharing the story were that the participant’s community was already actively restoring
(n = 9, 23%), they forgot to share the story (n = 6, 15%), they ran out of time between
the Intervention Survey and the Follow-up Survey (n = 6, %15%), the story didn’t
contain anything new to share (n = 6, 15%), and there was a lack of relatable
content (n = 5, 13%).

We also hypothesised that participants who had read Mark’s story would be more
inspired to reach out to Mark, compared to those who read the Collective’s story. Our
results showed that none of the 41 participants in the Follow-up Survey had contacted
Mark or the catchment group over the last month, reasons why they did not reach out
are shown in Figure 9.

Figure 8. Participants’ intention to share the story one month ago (y-axis) and their behaviour one
month later (Yes, I shared the story/ No, I didn’t share the story) for the two storytelling methods (Col-
lective story and Mark story). The line inside the boxes represents the median. The lower and upper
hinges correspond to the 25th and 75th percentiles. The upper whisker extends from the hinge to the
largest value no further than 1.5 * distance between the first and third quartiles (interquartile range
(IQR)). The lower whisker extends from the hinge to the smallest value at most 1.5 * IQR of the hinge.
Dots beyond the end of the whiskers are considered outliers, and triangles show all responses col-
lected from the first survey one month prior (sliding-scale 0–100).
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Recall | hypothesis 4

Our stories described three ‘Challenges’ and three ‘Lessons Learnt’ that the Rangitīkei
Rivers Catchment Collective had experienced as part of their restoration journey. To
test for recall ability of these six details we hypothesised that participants who read
Mark’s story would have better recall than participants who read the Collective’s story.
In our survey, participants were given five possible answers, of which they were asked
to select the three that were mentioned in each part of the story. The ‘correct’ way to
answer the five questions was by selecting the three correct details, and not selecting
the two incorrect answers (i.e. ‘five right answers’).

Recall was not influenced by the storytellers, and there were no differences between
the storytelling methods on the number of right answers that the participants provided
one month after they read the stories. There were only two participants who scored five
by answering all questions correctly; both participants read the Collective’s story. Most
participants across both storytelling methods and both questions scored three out of
five correct answers, remembering at least one correct detail. More participants selected
four correct details for the ‘Challenges’ (44% for the Collective’s story and 35% for Mark’s
story) than for the ‘Lessons Learnt’ (10% for Mark’s story, and none for the Collective’s
story).

Effect of demographics on retention and extraction of information and
reproduction of modelled behaviour

While we did not find any significant differences between storytellers for any of the cog-
nitive processes, we wanted to explore whether certain demographics (i.e. region, land
use type, age, time in catchment group and duration of active restoring) may influence
how readers extract information and may become motivated to reproduce modelled

Figure 9. Six key reasons why participants did not contact their storytellers over a month-long period.
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behaviour. We only tested the regions that had the highest response rate (>10%; Auck-
land, Canterbury, Otago, Tasman (Table 1)), to avoid bias towards under-represented
regions. We hypothesised that sheep and beef farmers may relate better to Mark’s
story, because Mark himself is a sheep and beef farmer, however, we found no meaning-
ful and statistically significant differences for any of the demographic categories, or for
the cognitive processes tested.

Discussion

Our research aimed to explore how freshwater restoration storytellers influence the
sharing of restoration knowledge and motivate pro-environmental behaviour in rural
communities in Aotearoa New Zealand. We hypothesised that there would be significant
differences in cognitive processes in our participants depending on whether they read a
story told by a collective voice or an individual member from a catchment group, but we
found no quantitatively significant differences between the storytelling methods. None-
theless, interpretation of the combined dataset gave us two valuable insights into cogni-
tive and behavioural principles relevant to freshwater restoration storytelling.

Both individual and collective storytellers can be relatable and trustworthy
knowledge brokers

Firstly, we found that the role of a single freshwater restoration champion or influencer
was not as important for information processing in our audience as we hypothesised. Our
participants could relate the same way to both stories, independently of whether their
story was told by a collective or an individual. Comments provided by participants
showed that Mark, as the individual storyteller, was indeed influential and relatable
(e.g. ‘give him a medal’; ‘inspirational’), so this suggests that the content of the story out-
weighed the effect of storyteller on our participants cognitive processes. Each story
profiled collective restoration action, highlighting the community aspect of freshwater
restoration in catchment contexts. Making collective action the focal point of our
stories by lifting the collective efforts into the role of protagonist (rather than the
actual storyteller), allowed our readers to make contextual connections between them-
selves and the story content. Because the content of each story was the same, we
found no differences in any of the cognitive processing tested.

Our participants also considered the storytellers and the content of the stories as trust-
worthy, independently of whether the story was told by an individual or a collective.
Trust affects the reader’s belief in the information and their likelihood of pro-environ-
mental behaviour change (e.g. Blackstock et al. 2010; Small et al. 2016; Rust et al.
2022), an outcome desired in our study. Both of our storyteller voices were active fresh-
water restorers, suggesting that our audience was building on trust that already existed
between them and the storytellers, serving as a foundation for the acceptance of (new)
information (Zeng et al. 2022).

Once an audience can identify with a storyteller and content is understood, modelled
behaviour (in our case the uptake of sustainable restoration actions and the act of sharing
restoration knowledge) is more likely to be adopted (Toolan 1988; Oatley 1999; Dahl-
strom 2014; Sundin et al. 2018). Our stories were true and depicted real-life experiences
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that were achieved and told by a community that lives and works around their river. In
our study, participants (many of whom were already active restorers) could relate to
different storytellers and found them inspirational independent of whether they are an
individual or a collective, as long as they’re a trusted voice.

Our findings underscore the importance of trust and relatability as a critical element
in freshwater restoration storytellers, especially in the agricultural context. Authenticity
and reliability of information sources play a crucial role to the effectiveness of communi-
cation efforts, and we suggest communicators and policy makers should be mindful of
the credibility of the messenger and the narratives they employ. Including this under-
standing in freshwater communication initiatives may have significant implications for
how, and by whom, restoration stories should be told and shared to maintain freshwater
restoration momentum over long periods of time. For future research, we suggest repeat-
ing a similar sample design, but testing stories that compare trusted with ‘less-trusted’
storytellers (e.g. local government) (Small et al. 2016). This will provide valuable insights
into how trust of information sources (or the lack thereof) may be a potential hurdle for
the diffusion of information. Additionally, we recommend focusing on non-restorers or
land managers who are not currently part of a catchment group. This will provide useful
insights into the role storytellers may have in motivating pro-environmental behaviour
change in a sample more representative of Aotearoa New Zealand’s non-restoration
population.

Catchment restoration stories provided new knowledge to short and long-term
restorers but did not increase recall

Secondly, most participants reported learning something new from the stories and
thought they contained interesting details. ‘Informative’ was the third and second most
frequently used word to describe the Collective’s and Mark’s story, respectively. Even
though most participants were already actively restoring for longer than four years,
the information shared in our restoration stories still provided new knowledge to an
experienced audience. This shows that restoration knowledge sharing is not only relevant
for communities that are just starting out on their restoration journey, but also for those,
who have been restoring for several years.

Research by Doehring et al. (2022) found that rural stakeholders in Aotearoa New
Zealand were willing to share restoration knowledge, and our current study was able
to demonstrate this in action. Eighty percent of our participants reported sharing
some form of restoration knowledge with others over the one-month period since
reading the story (e.g. sustainable land management practices, farm environment plan-
ning, nutrient and sediment interventions). Many factors influence whether an audience
engages with new information and whether they act on it (Longnecker 2016), a desired
outcome of freshwater restoration. Unfortunately, we did not probe survey participants
to clarify why they had shared restoration knowledge, what knowledge they considered
‘new’, and whether the act of sharing knowledge was specifically influenced by our
stories. So, we were unable to link any specific information provided in the story to
their statement, a limitation of our study which we suggest future studies could focus on.

We also quantified our participants’ ability to recall information by testing whether
they would correctly answer key details mentioned in the ‘Lessons Learnt’ and
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‘Challenges’ sections of the story. Of the 41 participants, only two were able to recall all
correct ‘Challenge’ details one month later (none remembered the ‘Lessons Learnt’), sub-
stantially less than we had hypothesised. Recall is commonly triggered through emotions,
such as empathy, sympathy, surprise, curiosity and suspense (Keen 2006), so by including
content that may arouse a positive emotional response (i.e. Lessons Learnt) or a negative
emotional response (i.e. Challenges), we anticipated more participants would answer cor-
rectly. In hindsight, we suggest that the lack of recall may be because both sections were
written as factual, bullet-points, rather than as narratives, failing to trigger emotional
responses in our audience. Research suggests that negative information more effectively
triggers recall than neutral information (Adolphs 2000; Hamann 2001). Although low in
number, the information correctly recalled in our study were details that were mentioned
as part of the ‘Challenges’, potentially indicating that details arousing negative emotions
may have been better recalled. While we did not test for any emotional arousal to our
stories, more positive words were used to describe the stories than negative words,
suggesting that our audiences felt positively inspired after reading our stories. While
inspiration may not increase recall of facts, including positive and negative emotions
in restoration knowledge exchange plays a critical role in motivating long-term restor-
ation (Doehring et al. 2023).

Conclusions

The poor health of Aotearoa New Zealand’s rivers, lakes and wetlands severely impacts the
wellbeing of Aotearoa New Zealanders. Given the complexity of this problem, exploring
innovative tools to transfer evidence more effectively to multiple audiences (e.g. decision-
makers, land managers, catchment communities) is critical. We acknowledge that observa-
tional learning in the form of storytelling is not a silver-bullet for addressing freshwater
health decline, however, it serves as a valuable addition to the toolbox of methods for trans-
ferring knowledge of freshwater restoration. Globally, the principle of collectivism is
increasingly recognised in policy, with Aotearoa New Zealand being no different as demon-
strated by the ongoing rise of rural communities of action across the country. But for col-
lective action to be meaningful, a shared understanding is required to tackle the ongoing
freshwater health crisis. We argue that freshwater restoration storytelling can be a suitable
tool to create this shared understanding, enabling knowledge exchange between groups who
implement freshwater restoration in situ through trusted voices, regardless of whether it is
done through a collective voice or an individual respected storyteller.

Notes

1. A catchment (also commonly referred to as watershed) is defined as the natural drainage
area of rainwater where it gets collected and transported from the source to the sea.

2. Type of smallholding or small farm (<4 ha) run as a hobby, not as a commercial enterprise.
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