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ARTICLE INFO ABSTRACT

Keywords: The data requirements of many socio-environmental system (SES) modelling studies have increased substantially
Wiki. ) in recent years. This has made the already challenging task of data compilation, retrieval, and sharing pro-
Pf‘rltmpa]t:’ry research gressively more difficult. Recognising the current lack of best practice for knowledge management in SES
Fieldwor modelling studies, we propose using SES wikis as a means of addressing these challenges. Wikis have attributes
Data management . s . .

Open data that make them well suited to complex knowledge management tasks and their hierarchical, interconnected,

Knowledge reuse

algorithmic logic closely fits with the logic needed in SES model design. In this article, we describe how wikis can

be used at each stage of the SES modelling cycle, and we discuss our experiences of putting the approach into
practice. We conclude that while SES wikis can be time consuming to initially develop, they have the potential to
significantly improve the quality, transparency, and efficiency of SES modelling projects.

1. Introduction

As the sophistication, ambition, and empirical verisimilitude of
socio-environmental system (SES) modelling studies has increased, their
data requirements have grown ever more onerous (Janssen and Ostrom,
2006; Laatabi et al., 2018; Polhill et al., 2016). SES models typically
encompass a wide variety of processes and entities, necessitating the
collection and integration of cross-disciplinary information (Janssen and
Ostrom, 2006; Linstadter et al., 2016; Ostrom, 2007; Smajgl et al., 2011;
Steger et al., 2021). Where modelling is bottom-up, as is the case with
agent-based modelling (ABM) (Polhill et al., 2019), this information will
usually need to be heavily disaggregated. Detailed knowledge of tem-
poral dynamics and spatial heterogeneity may also be needed (Smajgl
et al., 2011). Researchers who pursue a grounded theory or generative
modelling approach — where the aim is to derive possible explanatory
causal mechanisms endogenously rather than impose them (Epstein,
2006) — may additionally need to contend with high uncertainty around
what information they will ultimately require, forcing them to engage in

broad reaching, speculative data collection, until the form of their final
model becomes clear.

At present, no widely accepted best practice has been established for
knowledge management in SES modelling studies. Though science-wide
initiatives like The Turing Way have sought to nudge researchers towards
better research data management, most modellers currently appear to
employ ad hoc, informal means to manage their data and domain
knowledge. For example, in an ABM study, findings from individual data
gathering exercises (e.g., interviews, focus groups, household surveys)
might be analysed and stored separately, with synthesis occurring only
as the model is developed. It is also likely that many modellers draw on
tacit knowledge gleaned during fieldwork that is not written down or
otherwise recorded, in part because there are few tools suited to doc-
umenting disparate SES knowledge.

These practices are problematic. Most critically, they can make
ongoing assessment of data adequacy difficult during the data gathering
phase; they can make retrieving relevant knowledge unnecessarily
challenging during the modelling phase; they can make projects
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dependent on researcher recall; and fragmentation may increase the
chance of there being contradictory data, meaning that researchers lack
a “single source of truth” from which to work (Markus, 2001). Given that
researchers often move between projects, and other researchers may
wish to draw on existing data for their own work, storing data in a way
that makes it understandable independently of the original researcher
can be hugely important as White et al. (2013) have previously noted. A
dearth of knowledge sharing is also an issue in the SES modelling
community — which is at least partly attributable to the lack of suitable
formats for packaging and distributing mixed-methods SES knowledge.
Consequently, we feel that both researchers and the communities in
which they operate would benefit from improved knowledge manage-
ment practices.

While many proposals have been made for improving aspects of the
documentation process in social and ecological modelling studies, they
all have their limitations when it comes to addressing these knowledge
management challenges. The ODD protocol (Grimm et al., 2006, 2010,
2020) and the ODD + D protocol (Miiller et al., 2013) encourage re-
searchers to discuss their model’s empirical background and to provide
an overview of their input data. This is valuable, but in practice the
background that is set out is often highly summarised so only a fraction
of the case study knowledge is conveyed. Moreover, the protocols only
come into play during the modelling phase of projects, leaving the
challenges of the earlier phases unaddressed. The more recently pro-
posed ODD+2D protocol of Laatabi et al. (2018) asks researchers to
provide additional details of how data has been selected, processed, and
mapped to model agents and their environment, addressing some of the
gaps in the earlier ODD protocols. However, it is still not intended for
use in the pre-modelling phase of projects and the focus remains on
communicating the information that directly informed a model’s design,
rather than on aiding researchers in the core knowledge acquisition and
management process. The TRACE framework of Schmolke et al. (2010)
goes further than most modelling study documentation proposals in that
it calls on users to document the whole research cycle and is more
explicit in asking researchers to explain the rationale for modelling
decisions. Yet, while this encourages greater discussion of empirical
context and data matters, it is still not the same as a knowledge man-
agement system. It was also not purposefully designed for projects that
involve a significant amount of primary data collection, so it is not
especially attuned to the needs of such projects.

This paper aims to help the SES modelling community address
knowledge management challenges by describing a systematic approach
for gathering, cataloguing, and sharing knowledge for use in SES
research, described here as the ‘wiki method’. It has the potential to
significantly improve the quality, transparency, and efficiency of SES
modelling projects, particularly those which involve integrating and
managing large volumes of quantitative and qualitative data. In Section
2, we explain the SES wiki concept, discuss the attributes of wikis, and
explain why they are a good match for the needs of SES modellers. In
Section 3, we share our experience of using the wiki method in the
development of an ABM of a Nepalese mountain community (Roxburgh,
2019; Roxburgh et al., 2021). In Section 4, we offer guidance as to how it
can be employed at various stages of the research process. And in Section
5, we critically reflect on its strengths and limitations, and discuss how it
can be employed most effectively by SES modellers.

2. Wikis and their relevance to SES research

A wiki is a publication format that facilitates collaborative docu-
mentation and knowledge management (Roxburgh et al., 2021). A
typical wiki consists of a set of webpages that can be edited by a user
community through a web-based interface (Baumeister et al., 2007).
Each page addresses a particular topic (Lange, 2007; Sauer et al., 2005;
Wagner, 2004). Pages can be added and edited overtime as users deem
fit. They can also cross-reference one another using hypertext, a feature
that promotes “meaningful topic associations” and reveals
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“dependencies among concepts” (Lange, 2007, p. 120).

Wikis have attributes that make them well suited to complex
knowledge management tasks. They are highly dynamic, allowing
content to be continually added and refined as understanding evolves
(Baumeister et al., 2007; Lange, 2007; Mietchen et al., 2011; Piccoli
et al., 2000). They are also suited to co-creation as little training is
required to partake in their development and software typically allows
for distributed editing. This means they can enable broad-based
participation and the harnessing of collective wisdom if managed with
care (Dai et al., 2013; Majchrzak et al., 2013; Sauer et al., 2005).
Furthermore, the hierarchical, interconnected nature of wikis closely fits
with the logic needed in SES model design. It reduces complex systems
to neat, digestible elements while not divorcing these elements from
context. The way topics are discussed in a modular fashion is in keeping
with how models tend to be structured, while the links make it easier to
see and follow the threads that link topics together. Through centralising
knowledge, wikis additionally make it easier to locate information when
it is required and to identify gaps in knowledge that need to be filled. By
encouraging knowledge to be made explicit, they also help in making it
researcher independent, facilitating collaborative work and knowledge
reuse. On top of this, as wiki software typically records edit histories,
they are suited for use in academic contexts as such tracking facilitates
transparent review (Mietchen et al., 2011, p. 55).

The attributes of wikis, and their alignment with the knowledge
management needs of SES modelling projects — particularly those that
involve primary data collection — are summarised in Table 1.

3. Our experience: the Nepal wiki

We originally developed the SES wiki approach in 2015 to aid in-
formation collection about a smallholder community in Nepal in which
we were conducting fieldwork. Our intention was to create a detailed
ABM of the village to examine the effects of various future stressor
scenarios. While we had identified climate change as our chief stressor of
interest, the aim of fieldwork was to identify intersecting stressors and
key social and environmental processes on the ground without preju-
dice. As such, the field investigations necessary were, by their nature,
uncertain. As it was unclear whether we would be able to return to the
field site after the initial data collection phase, we decided to take an all-
encompassing approach to data collection, gathering information on a
wide variety of potentially pertinent topics to hedge against the uncer-
tainty. The SES wiki approach was conceived as a means to manage this
multifarious yet interlinked information and to keep tabs on gaps in our
knowledge that still needed to be addressed. We also recognised the
potential for collaborative development that wikis offer meant we could
empower villagers to participate directly in the knowledge curation
process.

We began development of our wiki by mapping out a comprehensive
set of topics that required exploration to gain a holistic understanding of
the study site. Topics were identified by examining past ethnographic
literature on rural Nepal (Adhikari, 2000; Fricke, 1993; Miller, 1990;
Whelpton, 2005) and by drawing on our prior experiences in the region,
including a scoping trip to the field site. This allowed us to prepare a
tentative framework for the wiki before commencing the main phase of
data gathering. It was fully expected that some topics would fade in
importance while others would strengthen or be introduced as in-
vestigations deepened.

Two villagers from our field site were recruited to populate the wiki:
one male and one female, both 26 years old. A gender balanced team
was chosen due to the potential for knowledge and perceptual differ-
ences between men and women in the village (Momsen, 2006). As the
task required a week of work on the part of the recruits, and therefore a
significant opportunity cost in respect to paid labouring, those who
assisted us were provided with financial remuneration.

The two recruited villagers shared their knowledge of the wiki topics
with our Nepalese research assistant, who transcribed their responses
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Table 1
Features of wikis and their relevance to SES research.

Wiki feature Relevance to SES research

Centralised information repository:
Information is stored in a modular information.
system while maintaining linkages to Helpful for identifying knowledge
other elements and to higher-level gaps.
contexts. Makes knowledge researcher-
independent.
Modular fashion is similar to how SES
models are structured.
Clearly defined links make it easier to
identify and understand
interconnections between topics.
Wiki articles can be referenced in other
model documentation (e.g., ODD) and
project outputs.
Highly suited to iterative knowledge
acquisition.
Highly suited to handling non-linear,
evolving, complex and networked
information.
Can incorporate semantic
enhancements, like weblinks and
metadata.
Can incorporate different types of
media (e.g., pictures, maps, data
tables) as well as text.

Easy to locate and retrieve

Dynamism and flexibility:
Various forms of information can be
continuously updated, contextualised,
and refined as knowledge evolves.
Flexibility of form can accommodate a
wider range of culture-level
qualitative and structural data than
standard forms of data sharing.

Ease of use: o Little training is required for users and
Wikis are designed to be quick and contributors.
easy to navigate and edit. e A web browser is sufficient to access

basic packages.

Ease of use facilitates equality of

opportunity to participate and can

partially mitigate power issues linked

to dominant knowledge (see Section

5.2).

Enables harnessing of collective

wisdom and broad-based

participation.

Easy to spot and resolve contradictions

while still in the field.

Verifiability standards can be

incorporated to reduce the likelihood

of problematic content arising (e.g., it

might be decided that only statements

that can realistically be verified by

another party can be included

(Wikipedia, 2020a)).

Transparency: Gives insight into the evolution of
Edit histories can be tracked and ideas.

Gives stable reference points despite

dynamic nature.

Facilitation of knowledge co-creation
and convergence:
Multiple users can contribute and
edit, and contradictory or disputed
information can be flagged and
reviewed.

earlier versions can be reviewed.

initially in Nepalese before subsequently translating them to English.
Each evening, the research team reviewed the articles, identifying issues
that merited further probing the next day. Much of the work was done in
a quiet café near the village to minimise the chance of interruption.
However, data collection also took place in the village as the recruits
consulted with other villagers to gather information about topics that
they were less sure about. Sometimes this was done with the research
assistant present, and sometimes they worked by themselves, bringing
their notes to the research assistant later in the day to be translated and
typed up. An example of one of the wiki topic pages is given Fig. 1.

As the recruited villagers populated the wiki articles, they were
encouraged to suggest other topics to add — something to which they
responded positively. This later proved valuable: the 26-year-old male
recruit, for example, proactively added details of the construction pro-
cess to the housing topic. As the April 25, 2015 earthquake razed the
houses within days of the initial fieldwork phase concluding, necessi-
tating a complete reconstruction, this became extremely pertinent as it
providing us with the parameters necessary to begin modelling the re-
covery process. The recruits were also asked to review the transcribed
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articles as the wiki developed to ensure they accurately reflected their
inputs.

The research team initially saw our role as simply to ensure as-broad-
as-possible coverage of topics and to ask probing questions where arti-
cles seemed underdeveloped or lacked clarity. Only occasionally did we
decide to remove content. For example, we deemed anecdotes about
individual relationships to fall outside the wikis remit. Although plenty
of the details in the wiki ultimately proved superfluous to our needs,
they aided in building a holistic picture of the case study site and in
creating a document that we recognised as being of potential value
beyond the immediate aims of our study.

We only began adding content to the wiki ourselves after the par-
ticipants had completed the bulk of it. Most of what we added was based
on insights gleaned through focus groups, household surveys, and pro-
cess tracing exercises that we conducted alongside wiki development,
but later we also added some information derived from the literature
which helped deepen understanding and set the village’s particularities
in the wider context. We sought to be sparing in the edits made so as to
retain the voice of the participants in the articles, though there were
some topics which needed substantial amounts of supplementary core
content, such as quantifying fertility and mortality. Understanding and
modelling such processes well necessitates data gathered at much larger
scales than our village offered and over a far longer time period than our
fieldwork allowed. We therefore drew heavily on third-party sources to
inform these elements of the wiki, with participant contributions taking
more of a secondary role. The final topic structure used in the Nepal field
site wiki is shown in Fig. 2.

When we came to do the modelling itself, finding the information of
interest was made straightforward by what essentially constituted a
master document. We were able to refer to the relevant pages in the wiki
while working on a sub-section of the model rather than constantly
needing to search through separate notes, data files, and transcripts. For
example, when parameterising costs, we could simply refer to the
expenditure section of the wiki and where further details were needed
(e.g., the date when marriage expenses are likely to be incurred within a
given year), we could follow links to the relevant topic directly from the
expenditures page. We rarely encountered knowledge gaps due to the
wiki’s comprehensive nature and were able to let the importance of
variables and processes ‘emerge’ from the bank of knowledge we had
gathered in something akin to a grounded theory approach. Potential
connections between topics were made apparent by the interconnected
nature of the wiki (e.g., how household structure influenced migration
decisions), which assisted us in thinking through the model logic.
Furthermore, as much of the information was written from the
perspective of research subjects, it provided valuable insights into
decision-making processes that we could draw on for the model. For
example, it detailed how youngsters go about deciding whether to
continue in education and which livelihoods they might pursue.

Confidentiality issues prevented us from openly publishing the wiki,
but we were able to summarise many of the wiki articles for inclusion in
our project outputs (e.g., Roxburgh, 2019). After having built a detailed
model of our mountain community for our original study and fulfilling
our original aims (Roxburgh et al., 2021), we realised there was infor-
mation in the wiki that would allow us to reconfigure the model so we
could explore new research questions without needing to return to the
study site. This led to us undertaking a study on seasonality in food
security — a topic we had not explicitly set out to study during the
original fieldwork. The wiki provided us with crucial parameters for
this, as well as valuable information about household food consumption
behaviour and how they manage food and financial stress — behaviours
we could recreate in a stylised way in the model.

4. Guide to using the wiki method

The SES wiki approach that we envisage interfaces with various
stages of the research and modelling process. This section offers
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Festivals

Their main festival is Lhosar but they celebrate Dashain and Tihar as well.
They represent themselves as Buddhist but they pray Hindi god and goddess
as well. They said that they celebrate Dashain and Tihar because everybody
in neighbouring village celebrates and whole country celebrates these
festivals [TM+ST, Chaitra 12].

Desai is the festival where a lot of animals get slaughtered and money is
spent on clothes for pretty much every member of the family. (Two buffalos
slaughtered and shared between whole village — everyone pays a chunk to
the owner — all gather to see the slaughter. If they don’t have enough buffalo
before hand they will buy a month before. Some slaughter chicken and goats
as well if the buffalo is small). Older people and younger people get new pair
of clothes only in festival season and in beginning of school season (school
dress) [ST, Chaitra 13]. For 15 days they don’t do any work other than
feeding themselves and their livestock — drink (home made) and gamble the
rest of the time. A swing is also built in public place) [TM, Chaitra 15].

25 chickens and two male buffalos (35,000 rps. together) got slaughtered for
the wedding. Spread over 2-3 days. Relatives come from far away so need
feeding too. 1000-1500 people come — almost all the neighbouring villages
come and need to be fed. The family of the groom feed them all. Have
massive pots and lots of fuel wood for the occasion — the CFC let the
equipment out for free. Rice, vegetable r1= 7 ==~ -+ ar and potato

- “=2ans and tomatos) r* harigkm’

Legend: [Author initials, Date]
Hyperlink

Fig. 1. An example of one of the wiki topic pages. Two individuals contributed, with their insights typed up and then translated by our Nepalese research assistant.

Note that the dates used are based on the Nepali calendar (Source: Authors).

guidance as to how it could be most effectively employed to add value at
each stage. Fig. 3 shows how the wiki approach can fit within the iter-
ative modelling cycle (as described by Railsback and Grimm, 2012) and
the modelling notebook and TRACE documentation approaches
(Schmolke et al., 2010).

Fig. 4 shows the recommended stages and processes of the wiki
approach, which are discussed in more detail in the following sections.
The recommendations assume the use of the wiki approach in a project
where primary fieldwork is being conducted as this is one of the situa-
tions where the wiki approach can provide the most value, therefore,
some recommendations may not be applicable where this is not the case.
We aim not to be overly prescriptive as the needs, preferences, and
constraints of research projects are varied (Miiller et al., 2014). We
welcome creative uses of the SES wiki concept, meaning that researchers
should not feel bound to this workflow or the subsequent guidance.

4.1. Preparing the wiki

4.1.1. Determine purpose and preliminary structure

When using the SES wiki approach, it is firstly important to reflect on
the purpose of the wiki to ensure that it is constructed and used effec-
tively. Project research questions, hypotheses, geographical scope,
scales of interest, and intended outputs will all have a bearing on sub-
sequent decisions about how to structure and populate the wiki, so it is
sensible to consider these matters early. For example, if there is a desire
to make fieldwork data available to other researchers, particular effort
should be made to make the wiki presentable and to ensure there is
sufficient clarity and detail for it to be of use beyond the initial study.
This needs forethought as it will be difficult to do retrospectively.

If researchers wish to embrace a grounded theory style approach to
development of the wiki, they need not pre-define topic pages at the
outset of data collection. However, drafting a provisional ‘skeleton’
structure can aid data collection planning and streamline the

documentation process. The project research questions, empirical
context, and modelling approach, along with Ostrom’s (2007) SES
analysis framework, can provide inspiration for this structure. We
recommend setting a low threshold for determining which topics merit
inclusion as their importance can be difficult to determine in advance.
For example, we assumed that cultural events and animal lactation cy-
cles would only be of minor relevance when we began our fieldwork, yet
they ultimately proved to be highly significant. Being relatively
comprehensive in the breadth of the wiki topics not only reduces the
likelihood of information being missed and additional fieldwork being
required, but also provides valuable broader context to the case study
site and increases the chance that the wiki is of practical use for other
research studies. It also allows scope for changing study direction or
extending models later to address additional questions. Topics can be
graded by perceived criticality and worked through in order of priority
to capture maximum useful information within the time allowed.

4.1.2. Select software

Before commencing fieldwork, it is important to select software in
which to create the wiki. There are two main options: (a) purpose-made
wiki software or (b) creating a quasi-wiki with word processor software.
Purpose-built wiki software offers valuable data management features
such as automated authorship tracking and version control. These fea-
tures allow the evolution of wikis to be recorded transparently and
protect against accidental deletion of knowledge when editing
(Majchrzak et al., 2013). Many also offer syncing to a cloud which
provides a simple and reliable back-up of field notes and can allow
multiple contributors to work simultaneously, which makes collabora-
tive development easier. Most wiki software is compatible with smart-
phones so equipment availability should rarely be a problem. Rather
than recommending a specific wiki software, we would point the reader
to the excellent list of options on (unsurprisingly) Wikipedia (2020b),
many of which are free and extensible. Downsides of wiki software are
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Fig. 2. Diagram showing the final Nepal wiki structure. Each node is a topic page in the field site wiki and contains hyperlinks to the other topic pages
(Source: Authors).
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Fig. 3. Overview of the SES wiki approach and interface with iterative modelling cycle and documentation processes (Source: Authors).
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Prepare the wiki
* Determine the purpose
* Decide on preliminary structure
* Select software

‘ Evaluate
knowledge

gaps

Assemble the wiki
» Add participant knowledge
« Integrate researcher understanding ‘
and information from other sources
« lteratively edit

Compile
‘ data

Utilise completed wiki
+ Reference for model design and
development
* Communicate model
» Address new research questions

Fig. 4. Recommended stages and processes of the SES wiki approach
(Source: Authors).

that it can be challenging to set up when used for the first time,
long-term data storage can be complicated by reliance on third party
software, there are data security and privacy issues to consider, and — in
many instances — software is not designed for offline use. With regard to
the later point, readers are directed to the distinction between wikis that
use local flat file versus SQL-enabled databases.

Where circumstances do not allow for use of purpose-made wiki
software, an offline quasi-wiki can be developed using word processing
software — an approach we used for our Nepal wiki. Relative to specialist
wiki software, this can be more labour-intensive as word processing
software is not designed with enduring change and authorship tracking
in mind (Perkel, 2016). Each contribution will need to be manually
tagged with an author ID and other relevant metadata, and copies will
need to be regularly saved as the wiki evolves. Although such an
approach requires diligence, word documents are relatively simple to
use, can still use hyperlinks to connect topic pages, and can be easily
saved as PDFs — advantageous for sharing and long-term archiving.
Note-taking software like OneNote and Notion represent another
potentially powerful alternative. A run-through of typical data in a
role-play of fieldwork during the software identification process is likely
to be helpful in discovering potential usability issues.

We recommend that wikis be set up ahead of fieldwork so that they
are ready to be used at the outset of data collection. Optionally, once the
provisional topic pages have been created, researchers can populate
them with their pre-fieldwork knowledge as well as identifying gaps in
knowledge. This can help provide context to what is subsequently seen
at field sites, aiding interpretation, allowing sanity tests, and flagging
matters that should be probed. This process may also reveal additional
topics that could be worth considering.

4.2. Assembling the wiki

4.2.1. Draw on participant knowledge

Wikis are designed to facilitate knowledge co-creation and therefore
are ideal for participatory research. Participants can be recruited to
write content and make edits themselves if they are literate, or the
process can be facilitated by members of the research team asking
questions and transcribing the responses. We recommend recruiting a
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diverse set of participants to maximise the perspectives and experiences
drawn upon, though actively seeking out eloquent participants is prag-
matic, given the nature of the task. Participants should be briefed on the
purpose of the wiki and the topic areas on which their inputs are sought
at the outset (Majchrzak et al., 2013), and appropriate consent should be
obtained before they commence work. Given the time-consuming,
multi-day nature of developing wikis, we also suggest that researchers
consider remunerating participants at a locally appropriate rate.

Some coaching from the research team may be needed at the outset,
with less guidance being required over time. Emphasising the desir-
ability of detailed, algorithmic explanations of processes and decision
making, and asking participants to provide numerical values where
possible, is important from a modelling perspective. Flagging choices
relating to the expenditure of time and resources whenever they arise
should be encouraged too. They should also be asked to clearly flag
uncertainty and variability to ensure researchers are mindful of this
during the modelling stages.

To fully exploit the benefits of the wiki approach, we recommend
encouraging participants to propose topics that they personally perceive
as important in relation to the overall research purpose. More generally,
we suggest that researchers make a concerted effort to create enabling
conditions for participants to feel empowered. This should help maxi-
mise the breadth and depth of information elicited and make the process
more fulfilling for participants.

Basic information on each of the participants and the circumstances
of their involvement (e.g., age, gender, time, date, and location) should
be recorded separately from the wiki (taking account of any local per-
sonal data protection requirements) and a means of tracking their in-
dividual contributions should be determined if this is not being logged
automatically by wiki software. For example, each author can be
assigned a unique code that can be appended to each of their
contributions.

We recommend initially compiling the wiki in the local language if
participants are literate. This allows them to write contributions and
interrogate content directly, strengthening their sense of ownership over
the process. The contents can be translated later if necessary. Where
researchers are not fluent in the local language, this may temporarily
compromise their capacity for oversight, so recruiting an able researcher
assistant or translator to mediate the process will be vital.

4.2.2. Integrate researcher understanding and information from other
sources

Researchers can also write content for the wiki, drawing on knowl-
edge that they have gleaned from literature, other research exercises,
informal discussions, and their own observations. Even knowledge that
would typically be held tacitly can be worth documenting as it helps
with recall and enables others to make sense of the information at a later
stage. That said, we recognise that there are practical limits to the
amount of knowledge that can be documented. That some knowledge
will remain tacit is unavoidable, but the wiki approach at least offers a
way to capture some knowledge that would otherwise only be held
tacitly, enabling it to be documented in a formal and transparent
manner. If researchers do engage in the authorship process, they should
cite the origin of the insights, ensure that their contributions can be
distinguished from those of other participants, and discuss any poten-
tially sensitive topics with appropriate caution. We also recommend
allowing participants the opportunity to critique these contributions,
which may require translating them. This can help validate researcher
interpretations and respects the spirit of co-creation that is central to the
wiki concept. Ideally, researchers will refrain from personally authoring
substantial amounts of content until participants have finished making
the bulk of their contributions so that participant voices are prioritised.

4.2.3. Iteratively edit
As knowledge is added to the wiki, continuous editing will be
required to ensure that the contents are kept clear and coherent. The aim
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should be for each topic page to be written in a relatively parsimonious
fashion, so regular filtering and pruning is important (Markus, 2001). As
the topic articles are reviewed, content that is deemed to be below
standard (e.g., insufficiently informative, contradictory, or unclear)
should be flagged for attention should it not be possible to resolve
immediately (Mietchen et al., 2011). We envisage that researchers lead
the editing process, but participants can also assist. Empowering them to
do so will allow researcher contributions to be validated and help with
identifying any misinterpretations.

When contradictory or contested entries are identified, researchers
have several options open to them. They could consult the original
contributors, seek the views of additional parties, accept that there is
legitimate ambiguity, or act as an arbiter themselves if they believe they
have sufficient evidence to do so. Where views cannot be reconciled
among all parties, a note should be added stating this. As Fitzel (2021)
has argued, differences in knowledge need not always be viewed as
problematic from a research perspective. Modelling enables the impli-
cations of contrasting perspectives to be explored and this can lead to
valuable insights about systems that would not have been gleaned if
differences in knowledge were erased during data collection.

It may also be appropriate to restructure the wiki from time to time if
this improves flow (Majchrzak et al., 2013). Besides determining the
topics that merit inclusion, it is important to consider which merit a
standalone page. If a topic requires only a cursory mention, it is best to
incorporate it into a higher-level page that covers the topic and others
closely associated with it. For example, trees and wildlife might be best
discussed under the common heading of ecology, if they are not going to
be individually addressed in detail. These decisions can be reviewed as
fieldwork progresses and understanding develops.

All knowledge collection will involve some degree of classification
and associated decision making and filtering. In SES studies, this would
ideally be a collaborative process which balances and reflects on the
overlaps and differences between scientific-based and community-based
means of understanding the world. The latter may not map perfectly
onto formal scientific frameworks, but it is often in the mismatch be-
tween world views that the most crucial insights reside. It is therefore
important that the structuring is responsive to community input, and
that power structures do not compel a community to bend its worldview
to fit academic paradigms.

4.3. Developing the model

The process of compiling the wiki can often generate insights that
were not considered or anticipated during initial research design. It can
therefore be useful to pause and reflect on what has been learned before
commencing model development. The modular structure of the wiki can
potentially provide inspiration for the design of the model structure, and
links between topics in the wiki can help in identifying and under-
standing interconnections that merit consideration in the model design.

During model development, the wiki can act as a single common
reference point for those involved in designing the model. As informa-
tion is grouped in an intuitive, structured way, it should simplify the
process of locating details as they are required. Wikis and SES models
have a similar structural logic: they partially decompose systems, while
recognising that important linkages between components remain
(Ostrom, 2007; Wikipedia, 2016). Consequently, the knowledge con-
tained in SES wikis will often map neatly onto SES models. They are in
many respects proto-models in and of themselves — blueprints that can
guide design, strongly rooted in the empirical reality of field sites. Wikis
can also facilitate researchers who seek to take a pattern-oriented
modelling (POM) approach (Grimm et al., 1996). POM involves identi-
fying multiple SES features that can potentially be matched against
when calibrating models and testing different configurations (Grimm
et al., 2005), something that is not usually possible when data collection
is narrow in scope but may be possible with wide-ranging data contained
from an SES wiki. If sufficiently information rich, the wiki can
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furthermore be used by researchers to saturate themselves in the details
of a study site and to take something akin to a grounded theory approach
to the modelling process.

4.4. Communicating the model

The wiki, or extracts from it, can be published alongside model code
and descriptions to provide background as well as rationale for key
modelling decisions. However, before publishing either the wiki or ex-
tracts, it is important to consider whether participants could potentially
be identified from the detailed information contained. Unlike many in-
terviews, focus groups, or ethnographic studies, the information con-
tained in a wiki is intentionally wide ranging and comprehensive, which
increases the likelihood of participants’ anonymity being compromised
if viewed in its entirety, even if the wiki is written in a general, summary
tone. If intending to make the entire wiki publicly available alongside
the model, it is advisable to consider the anonymity of participants when
writing articles from the outset rather than trying to retrospectively
anonymise the entire wiki, as this could require a considerable amount
of work. For example, articles could be written in such a way as to
remove references to particulars and enumerate in ranges rather than
specific values to obscure the identities of specific settings or
individuals.

One flexible approach to managing anonymity when sharing the wiki
is to tag topic pages - or even sections within topic pages - with different
levels of shareability. Some topic pages may not contain any potentially
identifying or sensitive information and can be shared publicly without
issues, while others may need to be edited first. For certain topic pages, it
may be necessary to restrict their viewing to just within the research
team, or with other researchers subject to request. An alternative to
sharing the wiki itself is to include excerpts from, or summaries of, wiki
articles in other research outputs — a route that reduces dilemmas
around how to handle sensitive information and which will also make
the contents more practical for readers to digest.

Ideally, wikis or wiki extracts would be converted to a stable docu-
ment format and stored in a permanent archive so that their availability
will be assured in the long run (Perkel, 2016). For example, they could
be stored along with model code in the COMSES Net Computational
Model Library (https://www.comses.net/codebases/) (Rollins et al.,
2014). Aside from anonymisation and desensitisation, we suggest that
researchers not worry much about finessing the contents of the wiki
unless they have the time, resources, and desire to do so.

4.5. Extending the model and reusing knowledge

The knowledge contained in SES wikis could be of value to studies
other than those that originally prompted their creation (Easterbrook,
2014; White et al., 2013). Wikis could be used to adapt models to
address additional research questions, or to contribute to wholly
different studies. For any of this to occur, firstly, the writing must be
unambiguous, allowing future selves and other researchers to make
sense of it without revisiting field sites. Secondly, the content must be
sufficiently broad and comprehensive to allow new questions to be
addressed. Finally, wikis need to be made accessible and other re-
searchers need to be aware of their existence (Van Tuyl and Whitmire,
2016). Where wikis (or extracts of wikis) are suitable for public sharing,
it is preferable to store them in topically appropriate public archives, as
discussed in Section 4.4, accompanied by detailed descriptions of their
contents and generous reuse licenses (Janssen, 2017; White et al., 2013).

5. Discussion

We have proposed wikis as an approach for managing case study
knowledge for SES modelling projects, presented our Nepal field site
wiki as an example of the approach in action, and offered guidance as to
how they could be most effectively built and employed. In this section,
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we critically evaluate the opportunities and challenges of the wiki
approach as they apply across the phases of empirically driven model-
based research outlined in Fig. 3. We draw on our own experience of
using it to construct an ABM of a mountain community to show how the
SES wiki approach can be both practical and effective in the appropriate
context but also to demonstrate the real-world difficulties of imple-
mentation. We focus on four main issues: the time demands required to
produce a wiki, how participants can be empowered in the process of
creating a wiki, what software to use, and considerations around sharing
an SES wiki.

5.1. Time demands

Time demands are often cited as a reason why the ODD protocol and
TRACE framework are not utilised more frequently (Grimm et al., 2014;
Miiller et al., 2013). SES wikis are also time consuming, both for par-
ticipants and researchers. However, a substantial upside of the wiki
approach is that it improves modelling efficiency. Assuming that con-
flicts and inconsistencies in the wiki were resolved during the data
collection, the knowledge contained should already be coherent by the
time modelling begins, allowing researchers to focus on modelling
judgements rather than knowledge reconciliation. In contrast, where the
wiki approach is not used and where conflicting information has not
been addressed in the field, the modelling process is complicated by the
need to select between sources or determine compromise solutions —
something that can greatly hinder progress. Wikis also make it less likely
that knowledge gaps will be encountered during modelling, reducing the
potential need for costly additional data collection later. Furthermore,
SES wikis can help with issues of institutional memory in the case of
projects where there is staff turnover or if the person developing the
model is different from the fieldwork researchers. Indeed, wikis are
often used in the corporate world for such purposes (Ashkenas, 2013).
They offer a ready means for third parties to absorb and make sense of
study site knowledge, reducing the need for time consuming briefings
and exchanges.

Adapting existing models to address new research questions is an
efficient way to conduct science (Laatabi et al., 2018, para. 1.2). How-
ever, code is rarely reused at present as there is often insufficient
knowledge about a case study site to reconfigure the model in an
empirically supported fashion (Janssen, 2017; Janssen et al., 2020;
Miiller et al., 2014). By providing knowledge on a near-comprehensive
range of topics, wikis can facilitate the retrospective adaptation of
empirically grounded SES models, obviating the need for fresh fieldwork
and greatly improving the resource efficiency of the SES modelling field.
This increases the value derived from the generosity of research par-
ticipants and accelerates the pace of disciplinary progress (Cragin et al.,
2010; Janssen, 2017; Martone, 2014). However, there are risks in trying
to make wikis exhaustive in an effort to maximise potential research
openings. Compiling information without limits can be a substantial
time sink and realistically there are limits to the number of research
questions that any given case study will productively lend itself to. It is
also difficult to anticipate the information needs of yet-to-be fleshed out
research ideas. However comprehensive researchers try to be, there will
be topics that are missed that will impose constraints on future research.
When we extended our model to address questions around food security,
for example, we recognised there were gaps in our knowledge that we
would have to fill using information from secondary source.

5.2. Empowering participants

Increasing research subject agency is often spoken of as a desirable
objective in SES modelling studies (e.g., Becu et al., 2006; Naivinit et al.,
2010; Steger et al., 2021), yet the options for doing this remain limited
(Voinov and Bousquet, 2010). The wiki development process can facil-
itate direct authorship and scrutiny of SES knowledge by research sub-
jects, imbuing participants with substantial agency and fostering a sense
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of research ownership among study communities. This can redress some
of the power imbalances inherent in fieldwork, increase the likelihood of
recommendations being heeded, and lessen the likelihood that impor-
tant aspects of the field site are overlooked by researchers (Darroch and
Giles, 2014; Pain and Kindon, 2007; Schensul et al., 2015; Voinov and
Bousquet, 2010). For agent-based modellers in particular, the opportu-
nity to view a SES through the eyes of real-world agents is immensely
valuable as it offers direct insights into agent decision making and
behaviour, facilitating their recreation in code.

While the benefits of co-production approaches are substantial, we
also experienced some challenges which demonstrate the need for
careful selection and guidance of participants, careful expectation
management, and strong people skills. For example, we found it difficult
to find participants who had sufficient free time to take part - particu-
larly for older generations, as they tended to have more work commit-
ments. It was also sometimes difficult to elicit information in a suitable
format for the wiki, as some villagers at the field site in Nepal, partic-
ularly those with very little formal education, tended to address topics in
narrative form which was difficult to package into thematic pages.
Difficulties were also encountered with acquiring information at the
desired level of detail and progressing through themes at a productive
rate. Literacy, however, was not a barrier as we were able to take
dictation where required, allowing us to avoid excluding the older, less
literate generations.

The differing willingness and capacity of people to engage can be
problematic from a representation perspective as literacy levels and
communication styles can be closely linked with ethnicity, caste, sex,
age, and socio-economic backgrounds (Laws et al., 2013). One way of
dealing with this, which our participants proposed, is to allow them to
engage with other community members when they encounter gaps in
their own knowledge. Sensitive oversight is required to ensure that those
recruited to complete the wiki are not (advertently or inadvertently)
providing biased information or failing to include differing viewpoints
and opinions. As participants will have access to content written by
others, it is also critical that the sensitivity of information in the wiki be
monitored to avoid privacy violations or other potential harms (Dam-
ianakis and Woodford, 2012). Researchers must also be aware of the risk
of social biases, culturally and politically motivated edits, and peer
pressure influencing the development of the wiki, especially in relation
to sensitive topics. Enforcing some degree of verifiability standards will
be particularly critical wherever there is elevated risk of such influences.

5.3. Wiki software

There are a number of practical issues with wiki software that will
complicate the development of SES wikis in certain contexts. In our case,
we encountered significant challenges with internet connectivity and
power availability during fieldwork (Roxburgh, 2019; Roxburgh et al.,
2021). Mobile internet connections were unreliable, and we were
frequently unable to recharge phones and laptops due to power outages.
This made conventional web-based wiki software impractical to use.
Word processing software proved to be an adequate substitute once we
figured out procedures for authorship and edit tracking, but it did de-
mand fastidiousness to keep on top of this tracking and we did not al-
ways get it right. Purpose designed wiki software offers automated
tracking which relieves this burden and reduces the likelihood of errors.
This is something we view as a substantial strength in light of our ex-
periences, but it is more complicated to initially setup.

The power outages occasionally prevented us from running elec-
tronic devices — a hindrance regardless of the approach used. We over-
came this by compiling notes on paper and then typing them up once
power was available again. This worked reasonably when the outages
were limited to a few hours, but we suspect longer periods without
power would have proved seriously problematic as we found it was
valuable to be able to refer back to existing content as we worked. Po-
tential users should take these issues into consideration when deciding
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how to proceed.
5.4. Sharing wikis

The breadth and comprehensiveness of wikis make them powerful
research tools but can also - in certain situations — limit the extent to
which they can be published and shared. For example, our wiki
described the lives and livelihoods of a Nepalese mountain community
in minute detail. While extracts of the Nepal wiki could be shared
without issue, to publish it in its entirety could potentially provide
enough information to identify the village and its members. This is
something we could not risk from an ethics standpoint. In other cases,
the risks to anonymity may be less; it will depend on the idiosyncrasies
of the field site, the kinds of data collected, and how they are recorded in
the wiki. This presents something of dilemma. On the one hand, the
detailed nature of SES wikis could make them valuable knowledge re-
sources if shared. On the other hand, their detailed nature means great
caution needs to be taken to ensure they cannot be misused, and that the
anonymity of participants is respected. Starting from the principle that
we should, as a research community, aspire to share data to the greatest
extent possible (McNutt, 2014; Schofield et al., 2009), we suggest users
publish a carefully edited version of their wikis, leaving in as much in-
formation as possible, while addressing possible issues around ano-
nymity and noting the nature of any details that have been removed.
Should other researchers wish to access the redacted data, further dis-
cussion can be had around how that might be done in an ethically sound
way.

6. Conclusion

Collaborative ethnography has significant advantages. As well as
respecting communities, welcoming and supporting their agency,
collaborative work is more likely to build a fuller understanding of
community dynamics; is likely to bring a richer understanding and
commitment to research within the communities with less experience of
science; and represents an opportunity for two-way flow and stimulation
of community enhancing ideas. Nevertheless, collaboration brings issues
with it of knowledge management, with older techniques of compli-
cated, scientist-and-hypothesis driven, field logging failing to provide
accessible or suitably structured toolsets and therefore to maximise
knowledge elicitation. In this paper, we have suggested wikis provide a
more suitable mechanism for data collation, structuring, and under-
standing. In particular, they may aid in the process of structuring and
mapping the understanding of systems such as to make the production of
disaggregate social, environmental, and economic models more robust
and complete. We have additionally reflected on our use of such tech-
niques when engaged in fieldwork and subsequently modelling a rural
highland community in Nepal.

Wikis are not, by any means, a full solution to the issues of collab-
orative data acquisition. There are a number of facets of human
communication and lived experience they can represent only imper-
fectly: purposeful ambiguity in relationships; the strength of connections
between concepts; spatial links and dynamic changes, for example.
Nevertheless, they represent a considerable step forward as a knowledge
representation system for field studies, not only in terms of the collab-
orative collation of data, but also through their opening up of the
collaborative structuring of knowledge and the subsequent analysis and
use of those structures. As such, we would hope that this paper goes
some way to encouraging field scientists, especially those collecting data
for disaggregate modelling, to utilise wikis in field practice.
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