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Abstract

This paper explores the significance of narrative in collaborative reasoning using a qualita-
tive case study of two teams of intelligence analysts who took part in an exercise using an
online collaborative platform. Digital ethnographic methods were used to analyze the chat
transcripts of analysts as they reasoned with evidence provided in a difficult, fictional intelli-
gence-type problem and produced a final intelligence report. These chat transcripts pro-
vided a powerful “microscope” into the reasoning processes and interactions involved in
complex, collaborative reasoning. We found that Individuals and teams used narrative to
solve the kinds of complex problems organizations and intelligence agencies face daily. We
observed that team members generated what we term “micro-narratives”, which provided a
means for testing, assessing and weighing alternative hypotheses through mental simula-
tion in the context of collaborative reasoning. The creation of micro-narratives assisted in
the teams’ reasoning with evidence, an integral part of collaborative reasoning and intelli-
gence analysis. Micro-narratives were combined into, and compared with, an ideal or ‘vir-
tual’ narrative which informed the judgements the team came to in their final intelligence
report. The case study developed in this paper provides evidence that narrative thought pro-
cesses play an important role in complex collaborative problem-solving, reasoning with evi-
dence and problem-solving. This is contrary to a widespread perception that narrative
thinking is fundamentally distinct from formal, logical reasoning.

Introduction

Decision-makers and analysts are often faced with complex, uncertain and rapidly evolving
problems and situations where data and information may be incomplete and where judge-
ments and decisions have serious, at times even life-and-death ramifications. These problems
and situations may, for example, relate to how best to organize emergency disaster relief after a
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major earthquake, and whether a given building houses a terror mastermind such as Osama
bin Laden.

There has been a widespread perception, following Jerome Bruner [1], that narrative think-
ing is fundamentally different to formal, logical and scientific thinking (e.g. Dahlstrom [2]).
Over the past few decades, research within fields ranging from jurisprudence and criminology
to human evolution has examined the role of narrative in thinking and reasoning [3-6].

We think that narrative reasoning plays a crucial and underappreciated role in complex
problem-solving. This includes the context of intelligence analysis. However, while Clark [7]
and Heuer and Pherson [8] discuss the role of narrative in producing scenarios for strategic
planning, and the National Academy of Sciences Decadal Survey highlights the importance to
intelligence analysts of narratives, in the press, social media and society there has been scant
attention to the role of narrative reasoning in intelligence analysis, despite Gregory Treverton’s
[9] suggestion that “. . .intelligence is ultimately about telling stories.”

One area of complex decision-making where the role of narrative reasoning has been exten-
sively analyzed is the area of jurisprudence [4, 10, 11]. According to the story model of jury
decision-making, story construction plays a critical role in the way jurors evaluate evidence
and make verdict decisions. We think that narrative reasoning and story construction is an
essential part of complex reasoning, problem-solving and knowledge-building, and this
beyond the context of the existing story model of jury decision-making.

In this paper we develop insights into the role of narrative in collaborative reasoning and
intelligence analysis through a case study in which two teams of analysts from an Australian
Commonwealth Government agency or department with intelligence functions worked on a
fictional but realistic intelligence-type problem using an online collaborative platform devel-
oped by the SWARM project at the University of Melbourne. The SWARM project aims to
develop fundamental advances in collaborative reasoning and knowledge-building as part of
the Crowdsourcing Evidence, Argumentation, Thinking and Evaluation (CREATE) program
launched by the U.S. Intelligence Advanced Research Projects Activity (IARPA) in 2016.

Online collaboration platforms such as SWARM provide opportunities for using collective
intelligence [12] to transform vast amounts of data and information into knowledge [13] and
to respond and coordinate responses to rapidly evolving situations such as by the U.S. Air
Force’s Crisis Action Team and the 2010 Haiti Earthquake [14]. Crucially, online collaborative
platforms provide new opportunities for understanding the processes involved in collaborative
learning, reasoning, problem-solving and knowledge-building [15, 16].

On the SWARM platform, for example, the participants made extensive use of the in-built
chat function to discuss the problem they are working on. Because these chats are saved and
archived, we have access to the real-time discussion by the team members. This has given us a
“microscope” with which to view and analyze the collaborative reasoning process. In the exer-
cise, we observed that participating teams of intelligence analysts used stories to make judge-
ments based on a complex problem and uncertain information. Team members using the chat
function of the online SWARM platform generated numerous examples of “micro-narratives”,
corresponding to what Vlek et al [17] term ‘subscenarios’ or ‘substories’. As reasoning using
stories has been observed in other domains [4, 18], we believe that the phenomenon we have
observed on the SWARM platform is not limited to the SWARM or other collaborative plat-
forms—rather, the SWARM platform has enabled this process to be recorded and observed in
a new way, and has given us novel insights into the narrative reasoning process.

We observed in the chat transcripts that the analysts generated a multitude of micro-narra-
tives in their discussions of the evidence and their assessment of the problem characters’
involvement in terrorist activities. We infer that these micro-narratives analysts were telling
each other are verbal representations of stories about the evidence that the analysts were telling
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themselves in their own minds, as they imagined various alternative ‘hypotheses’ to explain the
evidence.

We thus follow Raymond Mar, Keith Oatley and others [19-22] in theorizing that narra-
tives are mental simulations that help people to understand the world and others. We infer
from our analysis of the chat transcripts that team members “ran” mental simulations to
test and evaluate many diverse, interacting and often competing micro-narratives that
were generated collaboratively with other team members using the chat function of
the SWARM platform. The analysts thus tested the plausibility of these micro-narratives
against each other, what they knew, and their best estimates (or guesses) for what they
didn’t know.

In a non-linear and iterative process, the analysts used the insights developed in the process
of generating and evaluating micro-narratives to develop a macro-level narrative. Micro-nar-
ratives contribute to this macro-level narrative but are also compared to it for fit, plausibility,
and so on. This macro-level narrative was never fully written down, but we inferred its exis-
tence from the chat transcripts and from the final reports, which contain elements of this
larger narrative. We refer to this macro-level narrative as ideal, in the sense that it existed
largely in the minds of the team members. We also refer to it as ‘virtual” in the sense that the
narratives were, in our view, mental simulations that helped the team members reason about
evidence in a complex problem.

Narrative is generally defined as a description of real or fictional events, situations, actions,
etc. in a time-sequence [23]. While it might seem that evidence is already naturally connected
by a narrative structure, this is not typically the case in jurisprudence [4] or in intelligence
analysis. Data and evidence are presented or available in an often disconnected and even frag-
mentary form. In the intelligence-type problems given to teams, evidence, intelligence and rel-
evant information to the problem took the form of statements summarizing interviews with
witnesses, as well as forensic lab reports and background reading material for understanding
the use of PCR in forensic investigations. Additionally, each team member naturally began the
exercise possessing their own background knowledge, assumptions and generalizations about
the world, much of which is tacit knowledge [24]. All these disparate sources of information
about the world and about the problem at hand must be brought together into a coherent
structure. We think that narrative offers a powerful and natural means of doing this, but
observed that connecting this information into a coherent plausible narrative or narratives
took considerable effort.

Materials and methods
The SWARM platform

SWARM is a cloud-based platform that allows teams to collaborate on a single, coherent, com-
prehensively reasoned and argued intelligence report. The SWARM project has conducted a
series of experiments and exercises in which teams use the SWARM platform to collaboratively
solve complex problems and produce collaboratively written reports which are the subject of
ongoing quantitative and qualitative analysis. One of our broad research goals is to understand
how teams reason and produce knowledge products in pursuit of the SWARM project’s over-
arching goal of producing fundamental improvements in collaborative reasoning and knowl-
edge-building in intelligence analysis [25, 26].

The SWARM platform is similar in some ways to familiar commercial products such
as Google Classroom, but also provides a ‘lens kit’ of logical lenses, or cognitive tools for think-
ing about and solving intelligence problems. These include Structured Analytic Techniques
(SATSs) such as link analysis, alternative hypotheses and the SWARM project’s own contending
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Problem Statement

Your task is to assess the evidence from the National
Gendarmerie, and for each of the four suspects (Suspects
A-D, codenamed “The Owner”, “The Courier”, “The Old
Friend”, and “The Customer” respectively), recommend
one of the actions listed below.

« Action 1: Complete a full biometric identity
file and recommend release. Leave decisions
concerning detention/release and any
logistics regarding further surveillance to the
National Gendarmerie.

Action 2: Recommend the release of the
suspect after completing a full biometric
identity file. Send a request for active signals
surveillance of the suspect to the SOCA/
Intelligence Directorate Command, but do not
request human intelligence assets for active
surveillance of the suspect.

Action 3: After completing a full biometric
identity file, release the suspect and request
active human surveillance of the suspect as
well as active signals surveillance.

Action 4: After completing a full biometric
identity file, request transfer of the suspect to
the Secure SOCA facility for interrogation
and processing.

.
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Problem Information

Background

As an Identity Intelligence (ID2) Officer serving with
Special Operations Command Asia (SOCA) and currently
stationed in Kalukistan, your role is liaising with and
providing training and assistance to the Central
Government's National Security Forces and the local
police (gendarmerie) in the Capital.

Kalukistan is a Central Asian country with vast mineral
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Fig 1. The Swarm platform. The workspace is divided into a problem pane (left), a work pane (middle)—where team
members draft their reports and post resources, and a chat pane (right).

https://doi.org/10.1371/journal.pone.0226981.9001

analyses, techniques for statistical thinking, and other tools for thinking to help users in their
reasoning and analysis. See Fig 1 for a sample image of the SWARM platform.

Participants

In January 2018, an Australian Commonwealth government agency or department with intel-
ligence functions opted to take part in a study facilitated by the SWARM project and carried
out on the SWARM platform. Participation was offered to intelligence analysts in the final
stages of their training. At the study’s commencement, 34 anonymous participants had con-
sented to take part. The 34 participants were divided into two independent teams of 17, code-
named “Purnululu” and “Kakadu” (SWARM teams are named after Australian place names).
The study received ethics approval from the University of Melbourne’s Faculty of Science
Human Ethics Advisory Group. All participants were over the age of 18, were given a plain
language statement and digitally signed an informed consent statement.

Materials

The “Kalukistan Problem”. In our case study, we presented the two participating teams
with a fictional but realistic intelligence-style problem akin to a problem that professional
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analysts might encounter. The problem was presented to the two teams on the SWARM plat-
form, a screenshot of which is included below. Each team collaborated on an analysis and on
writing a report addressing the intelligence-type problem.

The “Kalukistan Problem” is set in a hypothetical Central Asian country where conflict and
terrorism are rife. The teams assumed the role of an intelligence officer working for “SOCA”, a
Western intelligence agency which has recently issued a memorandum for its intelligence offi-
cers setting out constraints that the officer’s decisions must abide by. According to the problem
statement, an important aspect of the officer’s work is described as assessing when further
information might assist a given investigation, and how to prioritize that information-gather-
ing, which means taking into account the resources required to gather the information and
any other relevant constraints. Recently there has been a bombing which targeted Westerners
at the Ministry of Minerals and Mines headquarters, in connection with which four suspects
have been apprehended. The intelligence officer’s immediate task is to recommend, based on a
range of data provided, actions regarding continued detention and questioning or the release
and/or continued observation of each suspect.

The problem has two main parts. The first step is to clarify the decision-making procedure.
Given the possible actions available and a memorandum from SOCA concerning interrogation
and surveillance protocols, the officer must determine how exactly to judge what action is
appropriate in a given case. The second main part of the problem is to assess, for each suspect,
the likelihood of his or her involvement in terrorist activity, given the data currently in the offi-
cer’s possession. How does the officer do this rigorously and systematically, resulting in clear
and well-reasoned probability judgements? This is particularly challenging given that the evi-
dence is incomplete and inconclusive. This is deliberate, and the problem is designed such that
good analytical reasoning requires more than ad hoc consideration of the evidence and "gut
feel" analysis. Team members were required to collaborate to produce a final co-created report
on the SWARM platform with analysis of and reasoning about the provided data leading to
recommended actions for each of the four suspects.

Research approach

This case study is part of ongoing research carried out within the larger SWARM project. A
fundamental question driving this research is, how do individuals and teams reason in order
to come to a solution to an intelligence-type problem?

While this ongoing research is informed by digital ethnographic, or netnographic [27],
methodologies, and by Edwin Hutchins’ study of cognitive processes in real-world settings
[28-30], the case study in this paper is limited to a qualitative, thematic analysis [31, 32] of the
online chat transcripts and final reports generated on the SWARM platform in the aforemen-
tioned exercise run in 2018 with analysts from an Australian Commonwealth Government
agency or department with intelligence functions.

Stage 1—Exploratory sense-making. The first stage of the process was to read the tran-
scripts and final reports in order to get a sense of how each team employed reasoning in order
to arrive at a solution. Authors 1 and 2 engaged in an initial round of exploratory coding. Dur-
ing this initial exploratory coding and sense-making exercise, author 6 identified that partici-
pants in the study were proposing short, fragmentary and conjectural stories—micro-
narratives—using the chat function. Subsequent thematic analysis suggested that the teams
then evaluated these micro-narratives by comparing them against other micro-narratives with
respect to the evidence and intelligence presented in the problem statement, and their relation-
ship to the events and evidence presented in the problem. Teams also evaluated and compared
the way micro-narratives could be combined and integrated together into a larger virtual
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narrative that they had started to develop in their minds. These virtual, or macro-narratives,
were never fully written down or recounted in full, but we could infer their existence from the
data in the chat transcripts and final reports. The approach we employed in this research was
iterative and recursive, and rather than provide a richly detailed description of the entire data
set, we chose to produce a detailed account of the theme ‘Micro-narratives’.

Stage 2—Exploratory coding of micro-narratives. Using the NVivo 12 software, Authors
1 and 2 then conducted a thematic coding [33] of these short stories that were being proposed
by participants in the chat transcripts; Author 1 coded the Kakadu team and Author 2 coded
Purnululu. Without a rigid definition of what a ‘micro-narrative’ is or how to reliably identify
micro-narratives, the best coding approach was to propose a definition wide enough in scope
to include all potential micro-narratives before refining it in view of the data. The definition
used—a sentence or passage of text, submitted by a member of the team, that describes an action
(s) or sequence of events— was informed by the exploratory sense-making stage of the process
and possesses an appropriate scope for capturing all—but not only—the text of interest:

The initial exploration of the transcripts suggested that the definition above needed refine-
ment, as it included passages regarding commentary, judgements about team tasks, and dis-
cussion of evidence. For example, the following chat is a commentary on the individual’s
progress and only tangentially related to the model of interest:

13:43 Kookaburra31: Started working on my initial thoughts, but mainly writing all of my info
gaps!

13:43 Quokka37: Yep—initial thoughts. Nothing crazy, quick for and against for each suspect
with some other thoughts.

13:44 Kangaroo24: Yea I'm just writing down some initial thoughts, thinking about hypotheses
and assumptions in particular before thoughts on suspects

Stage 3—Final thematic coding for micro-narratives and initial theorization. A new
definition was then proposed that worked to exclude the unwanted types of chat messages
described above:

We understand micro-narratives as short, often fragmentary descriptions of states of mind
(such as motiviations or intentions), actions, reactions, consequences, sequences or sets of
events that a person or persons (intelligence analysts in our study) use to reason with evi-
dence, make judgements and reach conclusions.

Authors 1, 2 and 3, using NVivo 12, independently undertook a round of thematic coding
of the two transcripts for micro-narratives. The goal was to compare each author’s results with
all the others’ to ensure that the definition was reliably identifying passages of text as micro-
narratives. In their coding of Purnululu, authors 1 and 3 scored an agreement of 89.06%
according to NVivo, and in their coding of Kakadu’s chat, authors 2 and 3 achieved an agree-
ment of 86.07%. These results confirm that the authors agree ~85-90% of the time on what
portions of the transcript could be appropriately labelled ‘micro-narratives’. This provides a
good level of confidence that the thematic coding was picking up a genuine phenomenon in
the text.

Stage 4—Further understanding and theorizing the role of micro-narratives. In the
final stage, we turned our attention to better understanding and attempting to theorize the
role of micro-narratives in the overall reasoning of the teams and how this came to be reflected
in the intelligence reports they were tasked with creating.
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Fig 2. A sample selection of the timeline visualization for team Purnululu.

https://doi.org/10.1371/journal.pone.0226981.9002

At the beginning of this stage, we had a preliminary model for thinking about how micro-
narratives were being used in the collaborative reasoning process, and how they were being
used to create the final intelligence reports. Author 3 conducted a further round of coding,
focusing on different modes of collaborative work—that is, conversation fulfilling different
roles within the team’s thinking and knowledge-product creation process—that occurred in
the chat transcript and were marked by shifts, or transitions, in its conversation, in order to
understand the overall structure of the reasoning process and the role micro-narratives play
within it.

However, we soon realized that the thematic coding done within NVivo could provide only
a partial view of the ways in which micro-narratives operate within the broader structure of
each team’s process due to the nature of its coding, which records information as individual
and separate instances. To complete this picture, Author 3 coded and developed timelines, rep-
resenting the full two-day period of the chats, creating an account of the process undertaken
by groups and how different ways of interacting and thinking collaboratively were used by
teams to ultimately create their knowledge product, including key moments and particularly
notable elements or features of their interactions. See Fig 2 for a partial visualization of one of
these timelines for team Purnululu. In conjunction with the coding done in NVivo, these time-
lines of the ways in which each team undertook completing its task enabled us also to more
fully understand and represent the role micro-narratives played in their collaborative reason-
ing, as well as to understand other matters, such as the use of the SWARM platform’s lens kit
tool, which is part of an ongoing research effort.

Simultaneously, we conducted a further series of meetings and discussions to clarify our
model of micro-narratives and their role in the collaborative reasoning and knowledge pro-
duction process in view of the various levels of coding and reflection we had undertaken to
date, carefully comparing these with the emerging findings from the timeline coding and visu-
alization process.
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Findings
Micro-narratives

We observed that team members used plausible but incomplete stories, or micro-narratives,
and compared the coherence, relevance and verisimilitude [1] of these as a means of informal
hypothesis testing with regard to the evidence and intelligence they were given as part of the
problem statement. These micro-narratives were weighed against each other, real world
knowledge, and a virtual or ideal macro-level narrative which the team was constructing in
order to understand and reason with the evidence presented in the problem.

This process can be clearly observed in the online chats, which provided the one “plenary”
forum frequented by nearly all team members. These chat records provide a unique window
into the manner in which narrative thought processes are contributing to the team’s reasoning
and the attendant process of knowledge creation, a process that might otherwise be largely
opaque beyond the team’s own report and any inferences that could be drawn from it.

We observed that often a very brief comment by an individual, or a conversational
exchange between multiple team members, included multiple scenarios—some explicit and
some implicit. Further, of those stated explicitly, some were only narrated in a fragmentary or
disjointed manner. Participants used these micro-narratives to reason with evidence “on the
fly”, allowing them to rapidly create and compare competing micro-narratives as possible
best-fit solutions to various aspects of the problem or target of analysis, and in particular to
cope with uncertainty and reason probabilistically about the micro-narratives.

In assessing the likelihood of the various suspects’ involvement in terrorist activity, partici-
pants were provided with a number of fictional intelligence sources. These included a labora-
tory report concerning the presence of the suspect’s DNA on a number of items: a computer
keyboard, a mobile telephone and a soldering iron. Crucially, they were also presented with a
summary of the forensic DNA techniques involved, and with potential issues with very small
samples of DNA which have been “magnified” using PCR technology, a method that takes
very small samples of DNA and replicates them thousands of times. Recent studies have
shown that due to the small size of the samples, DNA can be transferred through interpersonal
contact, potentially falsely placing someone at a location they have not visited. For example,
following a handshake between two people, a person touching a knife may in some instances
place the other’s DNA on that knife [34, 35]. The information about secondary DNA transfer
was “hidden” within the larger discussion of forensic DNA techniques.

The possibility of secondary DNA transfer was a crucial one, and was designed to introduce
uncertainty to the evaluation of evidence. In the problem statement, two of the suspects, the
owner of the Telecom Shop (“The Owner”) in whose basement a bomb-making workshop was
found, and an old friend of his (“The Old Friend”), had had dinner together the night prior to
the raid on the shop. Both suspects stated that they shared a hookah pipe during that evening,
increasing the odds of secondary DNA transfer between the two, as both may have repeatedly
handled the same object over an extended period of time.

Both teams used micro-narratives in chats to assess and weigh a number of potential
options that might explain the presence of the DNA on the items found, and the implications
for how likely it was that either suspect was involved in terrorist activity.

For example, in the following two-minute chat exchange, Team Purnululu identifies a
micro-narrative—DNA transfer occurred between individuals during a shared meal with a
hookah pipe—and rapidly weighs this for verisimilitude and likelihood. The exchange of DNA
by two individuals through sharing a hookah pipe would give a plausible explanation for the
presence of the Old Friend’s DNA on an object (the soldering iron) in the bomb-making work-
shop discovered in the Telecom Shop’s basement. The team quickly also establishes another
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micro-narrative as being necessary: the Owner would have to have returned to the workshop
after the meal in order to transfer his friend’s DNA onto the soldering iron:

13:56 Kookaburra31: I think it [the soldering iron] would be a standard repair tool for a
mobile phone/ electrical device (but that’s my assumption!)

13:57 Quoll97: So really, the owners DNA could have been on there from ages ago. But still
doesn’t explain how the old friend got his DNA stuck on there

13:58 Platypus20: If we consider the secondary DNA transfer, as I think someone mentioned
previously, then the shared hookah pipe would explain how the old friend’s DNA got stuck
on there.

13:58 Kookaburra31: Quoll97 There is a section in the background reading which talks about
secondary DNA transfer. Seems unlikely, but worth considering.

13:58 Quoll97: But only if the owner went down into the workshop afterwards

In another example, Team Purnululu evaluates the intelligence presented to them in the
problem regarding items found in the basement of the Telecom Shop, where the bomb-making
workshop was found. The Owner has claimed that he rented the basement out on a cash basis
to two foreign workers, and that he does not go there, while “The Courier”, the shop’s assistant
and errand-runner, claims that he has never been in the basement. However, items that were
formerly in the shop—a used mobile phone and a computer keyboard formerly used by cus-
tomers—as well as the soldering iron found in the workshop, were found to have different con-
stellations of the DNA of the Owner, Courier and Old Friend. Team Kakadu considers a
number of micro-narratives in their assessment of this data:

13:54 Currawong23: Keyboard DNA could arise from secondary contact though, based off
the amplification process.

13:54 Crocodile97: And the DNA for the keyboard has been explained as the old desktop
from the office.

13:54 Cockatoo027: @Cassowary55- could the Courier’s DNA on the keyboard be from him
using the keyboard legitimately in the shop/office?

13:55 Bilby77: That’s what I understood

13:55 Echidna28: Yeah they confirmed the computer used to be used for sales so that explains
courier and owner’s DNA on it

13:55 BlackCockatoo55: The courier is also a store attendant—he works in the shop? He just
doesn’t ’go that far out the back of the store building’.

13:55 BlackSwan14: Help me with something—if the owner/courier attests to not being in the
basement for 6 months, how did the computer/keyboard/mobile phone/soldering iron end
up in the basement?

13:56 Echidna28: The DNA of ‘others’ could also possibly be former staff? Other customers
maybe. It’s difficult to say if there’s significance to that

13:56 Cassowary55: It could, it just never states that the courier used the computer in its old
position

13:56 Crocodile97: @Blackswan!!! The computer was replaced a ‘few weeks ago’ who DID put
it in the basement?
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13:56 Echidna28: @BlackSwan14 That’s the thing. Whoever took them down there has to be
involved

13:57 Dingo48: If not involved then at least aware of

[.]

13:58 Currawong23: While unlikely, it is possible that the items could have been sold to the
‘renters’ of the basement without any of the others actually going down there . ..

13:59 BlackCockatoo55: @BlackSwan14 they could have chucked the old keyboard out or put
it out the back and the bombers took it for their basement?

13:59 Cockatoo27: Do the renters even exist?

In this exchange, it is evident that participants are engaging in what Bex et al. [36] refer to
as generating stories and anchoring (or supporting) them with common-sense knowledge. In
this case, for example, objects do not move themselves, and people who enter basements
would generally notice a bomb-making workshop (although participants later question this
latter point): in other words, participants are testing various scenarios for verisimilitude [1]. In
this case, a participant’s question or statement may contain within it several implicit micro-
narratives (such as the suggestion that the Courier moved the items and later lied about being
in the basement, or that the Owner did so). This leads to several further possible micro-
narratives:

1. The person who moved the items was involved in terrorist activities

2. The person who moved the items was aware of the terrorist activities but not involved in
them

3. The computer was thrown out, and the renters recuperated it
4. The renters do not exist, and the Owner lied about their existence.

We found that the use of micro-narratives formed an integral part of both teams’ reasoning
processes as they collectively analyzed the problem and went about producing a collaborative
final report. Furthermore, as discussed in the following section, the conclusions reached by
teams in their reports clearly indicate that the reasoning which informed the generation of
micro-narratives was incorporated into the final knowledge product, the intelligence-style
report.

Micro-narratives, macro-narratives and the final report

We also analyzed the two teams’ final knowledge product—their submitted intelligence report.
In particular, we looked for ways that the teams used the (“smaller”) conclusions reached
through the use of micro-narratives in their chat deliberations to inform and produce the final
report. Having observed the use of micro-narratives in our analysis of the chat transcripts, we
hypothesized that groups would use these micro-narratives, as well as the way these fit together
into larger macro-narrtives, to help construct their intelligence product,

Micro-narratives are not fully developed narratives, they are incomplete stories or scenar-
ios. They serve as basic units that individuals and teams can debate, deliberate upon, and dis-
cuss in an iterative process in which micro-narratives are generated and weighed against each
other for plausibility with regard to evidence, general knowledge about the world, and fit with
other micro-narratives. They can then be organized and assembled into a larger, more devel-
oped narrative structure. This larger narrative structure would, for example, tell a story about
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each of the suspects in the Kalukistan problem, their interactions and their actions in the time
period surrounding the bombing of the Ministry of Mines, and their participation in, knowl-
edge of (or lack thereof) the bomb factory in the basement of the Telecom store. Because this
full narrative(s) was never fully written down or recounted, but could clearly be inferred from
the data in the chat transcripts and final report, we have chosen to call it a virtual, or ideal,
macro-narrative. While aspects of this more complete story were found both in the chat tran-
scripts and in the final report, this “macro-narrative” was never fully written down as one com-
plete narrative—but elements of it could be seen in both the chats and the final reports. We
could infer its existence as an “ideal”, or “virtual” narrative co-created by team members as
they used the chat function, and we could also view “glimpses” of these macro-narratives in
the final report.

In the exercise, the teams were directed to assess four different suspects in terms of their
likely involvement in terrorist activities. We took each suspect’s assessed involvement, and its
justification, to be a macro-narrative, as they were composed of relevant micro-narratives
developed over the exercise justifying the assessment. Importantly, since the problem specifi-
cally asks for four separate assessments, each assessment was a natural candidate for conceptu-
alization as a macro-level narrative.

In the previous section, we saw an example of how two teams engaged with the possibility
of DNA transfer by creating micro-narratives to reason with evidence. The final reports of
both teams synthesized these micro-narratives into a more complete narrative as part of their
final report. Team Purnululu wrote:

The Old Friend’s DNA matched a sample collected from a soldering iron in the bomb
workshop. We assess that transfer of The Old Friend’s DNA through contact with The
Owner provides a plausible explanation for the presence of his DNA at the bomb-making
site. We note that under test conditions, secondary DNA transfer was detected in 85% of
cases following extended hand-to-hand contact, which could have occurred through The
Owner and Old Friend sharing a hookah pipe the evening before the explosion. While the
DNA transfer could have occurred in reverse, implicating The Old Friend, we assess that
The Owner’s presence at Oasis Telecom immediately after their evening meeting and The
Owner’s DNA on all three items found in the workshop indicate it is much more likely to
have been transferred by The Owner. We assess that it is plausible that The Old Friend
directly handled the soldering iron, but that his DNA was more likely to have been trans-
ferred in the absence of any other evidence linking him to the workshop.

Similarly, team Kakadu concluded that:

DNA material obtained from soldering iron could be explained by secondary DNA transfer:
If a) the Old Friend and Owner sharing a hooker pipe the night before the bombing (or
potentially at some earlier unidentified time) and b) the Owner touched the soldering iron
that night or on the day of the bombing (or potentially at an earlier time).

In Fig 3 we present extracts from the chat transcripts of the Purnululu team, identify the
micro-narrative which we have identified and “translated” from the transcript, and point to
the macro-narrative section of the final intelligence report to which the micro-narrative corre-
sponds. For brevity, we have selected only one macro-narrative, namely the team’s analysis
and conclusions regarding the Owner.

In Fig 4 we outline the process we observed participants to be following in their production
of their final report: team members (pictured on the left) discuss the available data and the set
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Micro-scenarios for ‘The Owner’ from Purnululu Group

Chat indicative of Narrative Reasoning with
Micro-Scenarios

Micro-Scenario(s) identified and “translated" by authors

(Day 2) 0954 Crocodled?: He was a civi engneer which

means he understands buldings and siruciures so combined
hop.
reasons,

Using his knowledge of technology. buikding and siructures,
the Onner may played a role in designing the bomb and
ehoosing it placement

Analysis of ‘The Owner’ from Team Purnululu's Final Report

The Owner

(Day1) 13.28 Biby77: Okay cool. One thing | noted there was

The onner “This may

cross contamination of DNA. What do others think of this?

have led 1o secondary DNA tanser (.. ‘contamination’

(Day 1) 13:33 CassowarySs: @Biby77 | guess we're
assuming that the soldering ron made the bomb?

(Day 1) 1331 BlackCockato55: @Bilby77 | hough the.
o g, f the ower is

The soldering iron found i the basement was used in
bomb-making. (Atermatively, the soidering ron was not used
in bomb-making).

After having dinner with the O Friend, the owner returned 1o
the

L.

—

9
involved and then went siraght 10 the workshop after catching
up with the 0ld frend
©

Old Friend's DNA0 the soldering iron.

ay 1) Dont have to
was used i the bomb making process (akhough i s ikely)
(0ay1) in the room is

However, i probably was. Both the owner and the ok friend

‘enough to be suspicious of the owner and fiend

(ay 1) 1335 Budgerigarl: Agee, s hely. | assumed vt | 1

Th soldering fon was likely used in bomb-making. 5o the.
resence of '

than DNAIinks 10 the phone or computer.

bomb-making. There are possible iinocent explanatons with
regard to the DNA on the phone or computer.

(Day 1) 15:34 BlackSwan14: opportunity for the owner could
be his it exerciselcofiee break, and a remote detonation
can be done remotely

The Owner might have detonated the bomb remately while on
his coffee break away from the Telecom shop.

The Owner very likely has the capability to plan and/or conduct the attack;
previously working in civil engineering and has verified experience with
explosives. Civil engineering is a professional engineering discipline that deals
with the design, construction, and maintenance of the physical and naturally
built environment, including works like roads, bridges, canals, dams, and
buildings. Although the bomb failed to collapse the building or kill anyone,
there are still a number of information gaps regarding the motivation and
intent of the attack.

The Owner's DNA was found on items in the basement including the keyboard,
the phone and the soldering iron. While the other items may have no security
relevance and the DNA was likely legitimately transferred through the capacity
of his employment, the soldering iron can be used in the process of making a
bomb. Further investigation is required to determine the method of
construction for the bomb.

There is intelligence to suggest the Owner left the shop during the evening,
though the exact time is unknown and his whereabouts cannot be
corroborated. SIGINT will not be sufficient to determine a pattern of lfe for
the Owner—if he leaves his phone or other electronic devices behind, the
information will not be accurate—and willlikely require complementary
HUMINT assistance.

which he failed to declare in interview, it is unlikely that he never entered the
basement in the last six months. The presence of the old computer in the

basement suggests the Owner was possibly in the basement within the last 6
months, as the investigation indicates it was previously in the store front as of

a few weeks ago. It is however noted that there are a number of ways it could
have ended up in the basement, such as via the Courier. We assess that it is
most likely the Owner took the computer there himself. This would
contradict his assertion that he had not been in the basement within the last
six months.

The use of both SIGINT and human intelligence assets (HUMINT) for
surveillance will provide the most comprehensive intelligence required. It is
noted that as a the owner and manager of Oasis Telecom it is highly likely that
he has access to a number of phones and likely the technological expertise
that would assist him in circumventing detection via SIGINT; therefore
HUMINT is required to provide balanced intelligence.

The Ovner's DNA s on the computer, and since i was used in
ay 1) 14:42 Crocodied?: Back to the owner. The deskiop in

o skt ekt is i abot o e e o [\ 1667 50 i a ek bfre 3  usiess

orte. So mre By ying? computer (based on sales records in the computer) he must

ockato055: Thert aro s many piausible | TheTe are a variety of ways for a computer o end up i the.
(Oay 1) 14:45 BlackCockatooSs: Thare are 0 Mary PIAUSIN® | pasement without the oaner knowing about . The Courier

involve the owner walking it down there and seting i up? ‘The renters.

(Day 2) 09:44 Currawong23: The other thing wih the Ovner

1s L SIGINT may it get g e s accoss o which he has easy access) o evade signas inteligence.
numorous phones that he could use.

As one of the entrances to the basement s directly from the Owner’s office,
{

Fig 3. Micro-narratives and their relation to the final report.

https://doi.org/10.1371/journal.pone.0226981.g003

task among themselves using the chat function of the SWARM platform, and in so doing gen-
erate multiple competing micro-narratives. These micro-narratives are weighed against one
another, against the information and evidence available, and against existing implicit (and
sometimes explicit) real-world knowledge (pictured in the center). We theorize that this occurs
as team members run mental simulations, which they summarize and describe to others in the
form of micro-narratives. Some of this sharing and discussion leads to a re-evaluation of sug-
gested micro-narratives, as well as to new ones, which in turn leads to an additional “round” of
mental simulation and both individual- and group-level consideration of existing micro-narra-
tives. This gradually leads to the building up of those micro-narratives assessed to be most con-
sistent with the evidence and with one another, leading towards an ideal, or ‘virtual’ narrative
which can be inferred. Importantly, this process is not a linear one, but rather is gradual and
iterative, with the constitutive stages being repeated and their contents altered as contending
micro-narratives and their impact on the emerging micro-narrative(s) are assessed and
discussed.

Discussion

Telling stories, and using narrative, is a fundamental part of how we understand the world.
According to Aristotle, the purpose of a story is to show us “what may happen—what is possi-
ble according to the laws of probability or necessity” [37]. Narrative is a cross-cultural human
phenomenon, and may have evolved as a means to acquire and transfer information about the
environment and to create shared, collective and public mental models of the world and reality
[22, 38, 39].

Opver the past few decades, researchers in the humanities, psychology and organizational
studies have contributed to a growing body of interdisciplinary work connecting the study of
narrative with our understanding of human society, the workings of the human mind, and our
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Team members

Individuals and teams create multiple
and sometimes competing micro-
narratives using the chat function.

These micro-narratives may be very
simple (e.g. one actor/one action) or
more complex and may also be
generated as clusters of micro-

Information
and
Evidence

Individuals and teams
use, micro-narratives as
mental simulations and
weigh them against
evidence and what is
known about the world,
etc.

Individual team members compare
micro-narratives with evidence, with
other narratives, and with ideal
macro-narrative. Some micro-
scenarios are rejected.

Actions/Decision,
etc.

Ideal, or Virtual'
macro-level
narrative

Intelligence
Reports, etc.

Micro-narratives judged to be most consistent with
information, evidence, and with each other are combined
into an overall ideal or virtual narrative in the minds of the
participants. While not written down in whole, this
narrative can be inferred from the discussions. This ideal
narrative informs decisions/actions/reports. Teams use
the most narrative judged to be the most consistent and
plausible to make judgements and to inform their final

scenarios.

report.

Fig 4. The process of micro-narrative generation and collaborative reasoning in producing judgements and the final intelligence report.

https://doi.org/10.1371/journal.pone.0226981.g004

perception of the world. People use narratives and stories to compare perspectives, organize
experiences, represent and “construct” reality and personal identities, elucidate goals, evaluate
strategies, interpret results and outcomes, evaluate evidence and judge the validity of knowl-
edge claims. [1, 4, 40, 41].

In the last several decades, narrative has been an expanding area of interdisciplinary
research, and has inspired “research questions with direct relevance to national security” [42].
There has also been substantial and related discussion of the role of narrative as a mode of
thinking and reasoning with evidence within the fields of cognitive psychology, jurisprudence,
and security studies [1, 7, 43]. For example, Clark [7] and Heuer and Pherson [8] emphasize
the role of narrative in producing scenarios for strategic business-planning, and their role in
operational and tactical planning for military and intelligence organizations has also been
explored extensively in the literature on intelligence analysis. Many of these research questions
involve the emergence, understanding and influence of narratives on society and sections of
societies (extremist networks, for example). In this paper, however, we are interested instead
in the role of narrative in complex reasoning tasks and collaborative knowledge production in
a complex, uncertain, and rapidly evolving world. This is the type of reasoning and knowledge
production that intelligence analysts are routinely asked to produce.

Our findings support and contribute to the growing body of research supporting the simu-
lation model of narrative. Mar and Oatley [19] argue that stories act as a kind of mental simu-
lation of social interactions and of the minds of others, where, “like other simulations (e.g.
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computer models), fictional stories are informative in that they allow for prediction and expla-
nation while revealing the underlying processes of what is being modeled.” These simulations
allow social interactions, and other people who may be very different from ourselves, to be
understood without being perceived directly [22]. Narratives also allow individuals to share
these; they allow complex knowledge about the world to be transferred between multiple indi-
viduals in a readily comprehensible manner. This allows for simulations of the world to be
shared and compared and for creation of collective and public mental models of the world and
reality [22, 38, 39].

In the context of intelligence analysis, as also with scientific claims, it is not sufficient that a
person or persons making a claim have some level of authority; rather, a judgement of validity
must be based on weighing and evaluating the argument, evidence and “intel” put forward in
support of a knowledge claim [41]. Reasoning with evidence, the exploration of alternative
hypotheses, and testing or challenging assumptions are of fundamental importance to deci-
sion-making in uncertain and complex environments [7, 10, 44, 45].

We found that teams used micro-narratives to assist in reasoning with evidence, the explo-
ration of competing and alternative hypotheses, in making judgements necessary to solve a dif-
ficult intelligence type problem and in the production of an intelligence report. We believe
that future research can elaborate the role of narrative and narrative thought processes in col-
laborative knowledge-building and knowledge-building more broadly.

Micro-narratives, narrative and analytic techniques

We have used the terms micro-narrative and micro-narrative to describe the often quite brief
and fragmentary narratives which teams produced in the chat function of the SWARM plat-
form. In doing so we are consciously drawing a parallel between the “on the fly”, informal rea-
soning process we observed as it emerged in the text chats on the SWARM platform, and the
structured analytical technique of scenario generation as it has developed in post-WWII strate-
gic thinking in the public and private sector particularly in the U.S. and France [46-48].

While scenario analysis continues to evolve, it has become an established structured analyti-
cal technique for predicting and considering multiple possible futures in intelligence analysis
[8] and other fields, such as environmental assessment and modelling [49]. In business, scenar-
ios are used for strategic planning often on a global scale, while military and intelligence orga-
nizations also employ them at the tactical and operational levels [7]. Scenarios can also be used
to consider multiple possible past scenarios leading to the present, or “what really happened”
[50]. What distinguishes the micro-narratives we observed being used from the structured
analytic technique of scenario generation is their brief, fragmentary, and/or disjointed nature,
as well as the informal context (text chat) and emergent, unstructured manner in which they
are generated. In future research, however, we are interested in whether the use of micro-nar-
ratives, and narrative more generally, may serve as the basis for new structured analytic tech-
niques, or may explicitly be integrated into existing processes and methods.

We are also particularly interested in developing tie-ins with related narrative techniques,
such as what futurist and author August Cole refers to as FICINT [51], or Fictional Intelli-
gence, in which fiction writing is combined with intelligence work to develop plausible scenar-
ios that help intelligence analysts and strategists to challenge their own assumptions and to be
better prepared for future developments.

Conclusion

This case study was undertaken as part of ongoing exploratory research associated with the
testing and development of the SWARM platform. The SWARM platform has offered a critical
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window, or metaphorical microscope, for peering into and better understanding a complex
reasoning process that would otherwise be largely opaque. Using chat transcripts and final
knowledge products in the form of an intelligence-type report, we observed that teams of indi-
viduals used micro-narratives and incomplete stories to make hypotheses about evidence,
motivations, actors and actions, and so on. They then weighed these often competing scenarios
against each other, the evidence, and their knowledge of the real world, and used these micro-
narratives to create larger, more complete ideal narratives regarding the intelligence-type
problem they were tasked to address. While these larger narratives were not written down, we
could infer them from our analysis of the teams’ chat and the production of the final intelli-
gence report. The team members then used these larger, more complete narratives (which
often exist only ideally, or virtually, as co-created narratives in the minds of the team) to write
an intelligence-style report evaluating the likelihood that each of the 4 suspects was involved in
terrorist activities. We further inferred that the use of these micro-narratives in the creation of
a larger, ideal narrative were indicative of a kind of mental simulation, consistent with models
of narrative thought processes from the field of cognitive psychology (e.g. Mar and Oatley
[19]).

While narrative has received increasing attention in a number of fields in recent years,
scant attention has been paid to the role of narrative in complex problem-solving outside of
the literature on jury decision-making (e.g. Pennington and Hastie [4]). We hope this paper
will generate further discussion, while also contributing to empirical and conceptual research
into the use of online collaborative platforms and collective intelligence generally, and to
understanding the role of narrative and narrative thought processes in complex reasoning
more specifically.

As organizations attempt to navigate, adapt to and coevolve with complex environments
[52], the ability to rapidly process data and information into knowledge that can inform deci-
sion-making is critical [13]. The use of online collaborative platforms is changing the way indi-
viduals and teams work. Organizations are increasingly seeking to harness the “power of
crowds” and collective intelligence in areas ranging from engineering and design to intelli-
gence analysis by agencies tasked with domestic and national security. This paper contributes
a fuller understanding of the role narrative can play in collaborative reasoning and knowledge
creation, and we hope it can help point the way to further research into the importance of nar-
rative to complex reasoning and problem-solving.

Acknowledgments

We would like to acknowledge the contribution of Steve Kambouris as co-author of the Kalu-
kistan problem along with author 1 of this paper. We would also like to acknowledge the entire
SWARM team for making the study possible in the first place.

Author Contributions

Conceptualization: Morgan Saletta, Ariel Kruger, Tim van Gelder, Robert E. Horn.
Formal analysis: Morgan Saletta, Ariel Kruger, Tamar Primoratz, Ashley Barnett.
Investigation: Robert E. Horn.

Methodology: Morgan Saletta.

Supervision: Tim van Gelder.

Visualization: Tamar Primoratz.

PLOS ONE | https://doi.org/10.1371/journal.pone.0226981 January 6, 2020 15/17


https://doi.org/10.1371/journal.pone.0226981

@ PLOS|ONE

The role of narrative in collaborative reasoning and intelligence analysis

Writing - original draft: Morgan Saletta, Ariel Kruger, Tamar Primoratz.

Writing - review & editing: Morgan Saletta, Ariel Kruger, Tamar Primoratz, Ashley Barnett,

Tim van Gelder, Robert E. Horn.

References

1.

11.

12
13.

14.

15.

16.

17.

18.

19.

20.
21.

22,
23.
24,
25.

Bruner JS. Actual minds, possible worlds. Cambridge, Mass.: Harvard University Press; 1986. xi,
201 p. p.

Dahlstrom MF. Using narratives and storytelling to communicate science with nonexpert audiences.
PNAS Proceedings of the National Academy of Sciences of the United States of America. 2014;
111(Suppl 4):13614—-20. https://doi.org/10.1073/pnas.1320645111 PMID: 25225368

Donald M. Origins of the modern mind: Three stages in the evolution of culture and cognition: Harvard
University Press; 1991.

Pennington N, Hastie R. Evidence Evaluation in Complex Decision Making. Journal of Personality &
Social Psychology. 1986; 51(2):242-58.

Sugiyama MS. Food, foragers, and folklore: The role of narrative in human subsistence. Journal of Evo-
lution and Human Behavior 2001; 22(4):221—40.

Baber C, Smith P, Cross J, Hunter JE, McMaster RJP, Cognition. Crime scene investigation as distrib-
uted cognition. 2006; 14(2):357-85.

Clark RM. Intelligence analysis: a target-centric approach. Fifth edition. ed: CQ Press; 2017.

Heuer RJ, Heuer RJ, Pherson RH. Structured Analytic Techniques for Intelligence Analysis: SAGE
Publications; 2010.

Treverton GF. Theory and practice. 2018. p. 472-8.

Bex F, Koppen P, Prakken H, Verheij B. A Hybrid Formal Theory of Arguments, Stories and Criminal
Evidence2010. 123-52 p.

Vlek CS, Prakken H, Renooij S, Verheij B. Building Bayesian networks for legal evidence with narra-
tives: a case study evaluation. 2014: 375.

Bonabeau E. Decisions 2.0: The Power of Collective Intelligence. 2009: 45.

Bhatt GD. Knowledge management in organizations: examining the interaction between technologies,
techniques, and people. 2001: 68.

Yates D, Paquette S. Emergency knowledge management and social media technologies: A case
study of the 2010 Haitian earthquake. International Journal of Information Management. 2011; 31:6—13.
https://doi.org/10.1016/j.ijinfomgt.2010.10.001

Cress U, Kimmerle J. A systemic and cognitive view on collaborative knowledge building with wikis.
International Journal of Computer-Supported Collaborative Learning. 2008; 3(2):105. https://doi.org/10.
1007/s11412-007-9035-z

Dillenbourg P, Jarvela S, Fischer F. The evolution of research on computer-supported collaborative
learning. Technology-enhanced learning: Springer; 2009. p. 3-19.

Vlek CS, Prakken H, Renooij S, Verheij B. Representing and Evaluating Legal Narratives with Subsce-
narios in a Bayesian Network. OpenAccess Series in Informatics [Internet]. 2013; Workshop on Compu-
tational Models of Narrative:[315-32 pp.].

Pennington N, Hastie R. Explaining the Evidence: Tests of the Story Model for Juror Decision Mak-
ing1992. 189206 p.

Mar RA, Oatley K. The Function of Fiction is the Abstraction and Simulation of Social Experience. Per-
spectives on Psychological Science. 2008;(3):173. https://doi.org/10.1111/j.1745-6924.2008.00073.x
PMID: 26158934

Oatley K, Djikic M. Psychology of Narrative Art. 2018: 161.

Barnes JL. Imaginary Engagement, Real-World Effects: Fiction, Emotion, and Social Cognition. 2018:
125.

Oatley K, Dunbar R, Budelmann F. Imagining Possible Worlds. 2018: 121.
Prince G. Aspects of a Grammar of Narrative. Poetics Today. 1980; 1(3):49-63.
Polanyi M, Sen A. The Tacit Dimension1983.

de Rozario R, Sinnott R, Bayliss C, Guest C, Jayaputera G, Karami G, et al. The Design and Develop-
ment of a Cloud-based Platform Supporting Team-oriented Evidence-based Reasoning: SWARM Sys-
tems Paper2019.

PLOS ONE | https://doi.org/10.1371/journal.pone.0226981 January 6, 2020 16/17


https://doi.org/10.1073/pnas.1320645111
http://www.ncbi.nlm.nih.gov/pubmed/25225368
https://doi.org/10.1016/j.ijinfomgt.2010.10.001
https://doi.org/10.1007/s11412-007-9035-z
https://doi.org/10.1007/s11412-007-9035-z
https://doi.org/10.1111/j.1745-6924.2008.00073.x
http://www.ncbi.nlm.nih.gov/pubmed/26158934
https://doi.org/10.1371/journal.pone.0226981

@ PLOS|ONE

The role of narrative in collaborative reasoning and intelligence analysis

26.

27.
28.
29.

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

42,

43.

44.

45.
46.

47.
48.

49.

50.

51.

52.

Gelder Tv, Rozario RD Sinnott RO. SWARM: Cultivating Evidence-Based Reasoning. Computing in
Science & Engineering. 2018; 20(6):22—34. https://doi.org/10.1109/MCSE.2018.2873860

Kozinets RV. Netnography: Redefined, 2nd Edition. 2015.
Hutchins E. Cognition in the Wild: MIT Press; 1995.

Hutchins E, Klausen T. Distributed cognition in an airline cockpit. Cognition and Communication at
WorkCognition and communication at work. 1996.

Watson TJ. Ethnography, Reality, and Truth: The Vital Need for Studies of How Things Work in Organi-
zations and Management. 2011: 202.

Braun V, Clarke V. Using thematic analysis in psychology. Qualitative Research in Psychology. 2006;
3(2):77-101.

Braun V, Clarke V. Reflecting on reflexive thematic analysis. Qualitative Research in Sport, Exercise
and Health. 2019; 11(4):589-97.

Gibbs GR. Thematic coding and categorizing. Analyzing Qualitative Data. 2007; 703:38-56.

Goray M, Mitchell RJ, Oorschot RAHv. Investigation of secondary DNA transfer of skin cells under con-
trolled test conditions. Legal Medicine. 2010; 12:117-20. https://doi.org/10.1016/j.legalmed.2010.01.
003 PMID: 20206575

Goray M, Ballantyne KN, Szkuta B, Oorschot RAH. Cale CM, Earll ME, Latham KE, Bush GL. Could
Secondary DNA Transfer Falsely Place Someone at the Scene of a Crime? J Forensic Sci 2016;
61(1):196—203. 2016:1396. https://doi.org/10.1111/1556-4029.12894 PMID: 26331369

Bex F, Prakken H, Verhey B. Anchored Narratives in Reasoning about Evidence. In: van Engers TM,
editor. Legal Knowledge and Information Systems. Amsterdam: |0S Press; 2006. p. 11-20.

Aristotle Butcher SH. Aristotle’s poetics. New York: Hilland Wang; 1961.

Donald M. Origins of the modern mind: three stages in the evolution of culture and cognition: Harvard
University Press; 1991.

Scalise Sugiyama M. Food, foragers, and folklore: the role of narrative in human subsistence. 2001:
221.

Edson Escalas J. Narrative Processing: Building Consumer Connections to Brands. Journal of Con-
sumer Psychology. 2004; 14(1):168-80. https://doi.org/10.1207/s15327663jcp1401&2_19.

Polkinghorne DE. Validity Issues in Narrative Research. Qualitative Inquiry. 2007; 13(4):471-86.
https://doi.org/10.1177/1077800406297670

Press NA. A Decadal Survey of the Social and Behavioral Sciences: A Research Agenda for Advancing
Intelligence Analysis. The National Academies of Sciences Engineering Medicine, 2019.

Verheij B, Bex F, Timmer ST, Vlek CS, Meyer J-JC, Renooij S, et al. Arguments, scenarios and proba-
bilities: connections between three normative frameworks for evidential reasoning. Law, Probability and
Risk. 2015; 15(1):35-70. https://doi.org/10.1093/Ipr/mgv013

Fahey L, Prusak L. The Eleven Deadliest Sins of Knowledge Management. California Management
Review. 1998; 40(3):265.

Augier M, Vendelg M. Networks, Cognition and Management of Tacit Knowledge1999. 252—61 p.

Herman K, Anthony JW. The Next Thirty-Three Years: A Framework for Speculation. Daedalus. 1967;
96(3):705.

Wack P. Scenarios: uncharted waters ahead. Harvard Business Review. 1985; 63(5):73-89.

Bradfield R, Wright G, Burt G, Cairns G, Van Der Heijden K. The origins and evolution of scenario tech-
niques in long range business planning. 2005: 795.

Rao V, Mavrommati G, Thompson J, Duveneck M, Meyer S, Ligmann-Zielinska A, et al. Methods for
translating narrative scenarios into quantitative assessments of land use change2016. 7—20 p.

Holstein JA. Jurors’ Interpretations and Jury Decision Making. Law and Human Behavior. 1985;
9(1):83.

Cole A, Whitt JE. “Ficint”: Envisioning future war through fiction & intelligence (indo-pacific series)
https://warroom.armywarcollege.edu/special-series/indo-pacific-region/ficint-envisioning-future-war-
through-fiction-intelligence-indo-pacific-series/2019.

Galbraith JR. Organization Design: An Information Processing View. Interfaces. 1974; 4(3):28.

PLOS ONE | https://doi.org/10.1371/journal.pone.0226981 January 6, 2020 17/17


https://doi.org/10.1109/MCSE.2018.2873860
https://doi.org/10.1016/j.legalmed.2010.01.003
https://doi.org/10.1016/j.legalmed.2010.01.003
http://www.ncbi.nlm.nih.gov/pubmed/20206575
https://doi.org/10.1111/1556-4029.12894
http://www.ncbi.nlm.nih.gov/pubmed/26331369
https://doi.org/10.1207/s15327663jcp1401&2_19
https://doi.org/10.1177/1077800406297670
https://doi.org/10.1093/lpr/mgv013
https://warroom.armywarcollege.edu/special-series/indo-pacific-region/ficint-envisioning-future-war-through-fiction-intelligence-indo-pacific-series/2019
https://warroom.armywarcollege.edu/special-series/indo-pacific-region/ficint-envisioning-future-war-through-fiction-intelligence-indo-pacific-series/2019
https://doi.org/10.1371/journal.pone.0226981

