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Abstract
Classical works on writing within cognitive science focus either on the aspects of written text
production or the role of writing from a developmental and evolutionary perspective (Donald,
1991; Flower & Hayes, 1981; Goody, 1977; Olson, 1996). Studies concerning the practices of
writing in real-world settings are carried out within the framework of situated cognition (Klein
& Leacock, 2012; Menary, 2007; O’Hara et al., 2002), but they mainly focus on writer-writer
or writer-artefact interactions. This paper provides an ethnographic account of writing that is
understood as a practice that is distributed in a dynamically changing sociomaterial system.
The cognitive task under study involves making decisions concerning the contents of a formal
document as well as turning them into written text, both of which are supposed to take place
in an informed and collaborative manner. Task performance depends on establishing a dense
network of interactions that involves numerous sources of expert knowledge and people from
various professional backgrounds who often represent clashing interests. The focus of the
study is 1) identifying the resources employed in order to complete the task, 2) determining
what functions they perform, 3) describing the ways that they are coordinated within the distributed cognitive system so that as a whole it creates incentives for some actions while constraining others. The analysis reveals how several resources contribute to realisation of
cognitive operations while at the same time producing powerful effects upon the organisation
of the cultural practices (Hutchins 2008) within the distributed cognitive system.
Keywords: writing; distributed cognition; sociomaterial practices; social dimension of writing; materiality of writing; external representations; cognitive artefacts
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1. Introduction
Writing has long been one of the focal areas of interest in cognitive sciences. Canonical psychological theories treat it as a problem-solving task in which a writer tries to achieve some
kind of a rhetorical goal in a specific environment (cf. Flower & Hayes, 1981). Writing involves three fundamental processes: ideas are generated and organised together with the goals
(planning); the ideas are expressed in language then turned into written words (translating);
finally, the text is read and examined to ensure that it meets the established goals (reviewing).
Using one’s own knowledge, which is stored in long-term memory, all these activities require
the retrieval of information from the task environment, as well as constant interaction with
the text.
Another large body of literature about writing emphasises its role in restructuring cognition.
David Olson (1996) provides evidence for the thesis that learning to read and write is much
more than acquiring the skill of translating sounds into speech. It consists in becoming aware
of the very structure of language, which substantially changes the way we learn and think
about the world. A more general claim comes from authors such as Jack Goody (1977) or
Merlin Donald, (1991), who examine the role of writing and literacy in the rise of modern
ways of thinking. These authors provide a range of arguments supporting the thesis that a shift
made from orality to literacy fundamentally changes our cognitive capacities and the way we
think and act.
The classical works on writing that have been mentioned focus either on the aspects of written
text production or on the role of writing from a developmental and evolutionary perspective.
Less attention has been paid to the actual practices of writing that take place in concrete sociomaterial settings. Some attempts of this kind have been made within the framework of situated
cognition (Klein & Leacock, 2012; Menary, 2007; O’Hara et al., 2002; see also Trybulec,
2013). They generally acknowledge the vital role that the environment and various external
resources play in the subsequent stages of the writing process.
Nevertheless, even within situated cognition, the main focus of analysis is placed on interactions between two individuals or between an individual and an artefact or an external representation. Meanwhile, many real-world writing tasks involve close collaboration within large
groups of people who employ various cultural tools concurrently. Such activities are often
stretched across longer periods of time, requiring subtle coordination between social actors
and subsequent versions of the text together with its material vehicles. And it is exactly the
social dimension of writing, which is often mediated by numerous artefacts and external representations, that remains underexamined in cognitive sciences.
This paper aims to fill in this gap by providing a detailed account of writing understood as
distributed sociomaterial practice. The argument is built on an extensive ethnographic casestudy research conducted in a Polish non-governmental organisation (NGO) dedicated to
building civil society and improving the quality of public life. The task under examination
consists in creating the contents of regulations for participatory budgeting in five Polish municipalities. As a mechanism for fostering public engagement, participatory budgeting has to
be planned in a way that simultaneously ensures its feasibility and legitimacy. This means that
the process of preparing the contents of regulations has to meet at least two basic requirements:
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firstly, several information sources are necessary in order to actually know what the procedure
involves and how it can work in the local context; secondly, the whole process needs to be
inclusive for various social actors, including experts, local authorities and civil servants, community members and NGOs. Therefore, the environment in which the task is performed has to
be arranged in a way that fosters collaboration and an effective information flow.
Distributed cognition (cf. Hollan, Hutchins & Kirsh, 2000; Hutchins, 1995) is applied as a conceptual framework that guides research questions and data analysis. The cognitive task under
study consists in making decisions concerning the contents of a formal document as well as
turning them into written text, both of which are supposed to take place in an informed and
collaborative manner. Accordingly, successful task performance depends on three factors.
Firstly, meeting participants should be eager to collaborate and thus share their internal
knowledge. Next, what is shared has to stay relevant to the issues in question. Finally, the flow
of information recalled from internal structures needs to be complemented with external
sources, but only those which are adequate from the point of view of the established goals.
Various elements and resources are involved in task performance. There are meeting participants that bring their internal knowledge about the mechanism in question and the local conditions and demands. Also, the writing activities under study involve a range of cognitive
artefacts and external representations, such as expert documents, printouts with examples of
regulations or assignments, and paper sheets of varying sizes. It will be shown that both their
contents and material properties perform certain functions for the realisation of a given cognitive task. Next, the way the environment is arranged promotes certain patterns of interactions
between the meeting participants. Finally, the amount of time devoted to the realisation of
a single subtask strongly influences the flow of information. Overall, the research conclusions
address the question of how such elements and resources are employed and coordinated within
a larger distributed cognitive system across time so that as a whole it provides for certain
actions while putting effective constraints on others.
The following section of the paper outlines the main tenets of distributed cognition with a particular focus on studies that regard writing, understood both as a written text and an activity.
Next, I describe the research setting and its methodology. Subsequent sections cover the key
research findings, including an overview of the resources employed to achieve the goal of the
cognitive task at hand, identification of their functions, as well as a description of the ways in
which these resources are coordinated within a distributed cognitive system. The paper ends
with a summary and conclusions, in which I address how various resources contribute to not
only alleviating cognitive effort but also reorganising the cultural practices that are undertaken
within the system.

2. Writing from the distributed cognition perspective
Distributed cognition is a framework that seeks to explain cognitive activities as occurring in
interactions between people and their environment. It assumes that cognitive processes involve
complex coordination at different time scales between internal resources (memory, attention,
inference, etc.) and external resources (e.g. artefacts, dimensions of writing). Hollan, Hutchins,
and Kirsh (2000, p. 176) list three dimensions of distributed cognition: 1) distribution in space
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– cognitive processes can be distributed across material and environmental structures; 2) distribution among a social group members; 3) distribution in time, which points to the fact that
the outcomes of previous events can influence the course of future events.
Distributed cognition also takes account of cultural practices (cf. Hutchins, 2006, 2008). Culture is understood as “a process that, among other things, accumulates partial solutions to frequently encountered problems” (Hutchins, 2006, p. 379). According to Hutchins, for
distributed cognition it is essential to look into the past experience of individuals and whole
groups together with the trajectories of development of artefacts as they interact with the affordances that are available at the moment of task completion (Hutchins, 2006, p. 377). Importantly, he treats cultural practices as fully embodied skills related to particular ways of
perceiving and acting in the world, not as disembodied representations of knowledge
(Hutchins, 2008, p. 2012).
The environments in which people operate are treated as much more than a context for action,
or even an external source of memory (cf. Hutchins, 1995; Kirsh, 1995). In distributed cognition, environments operate as dynamically changing landscapes which play an active role in
the system’s performance. On the one hand, they prompt agents to adapt their behaviours; on
the other hand, they are being constantly remodelled according to the current needs and the
course of the tasks.
Rather than individuals, distributed cognition takes systems as the basic unit of analysis. Systems can consist of individuals, elements of the natural and social environment, electronic
media, artefacts, etc. The exact make-up of a distributed cognitive system at a given moment
depends on the character of the cognitive task that is to be undertaken. A component is considered to be a part of the system on the condition that it performs some function with relation
to the cognitive task at hand. As Kirsh explains, “The study of distributed cognition is very
substantially the study of the variety and subtlety of coordination. One key question (…) is
how the elements and components in a distributed system – people, tools, forms, equipment,
maps and less obvious resources – can be coordinated well enough to allow the system to
accomplish its tasks” (Kirsh, 2006, p. 258).
Distributed cognition is considered particularly suitable for analysing workflows in specific
environments (Rogers & Ellis, 1994). It has been applied in understanding various settings,
ranging from large vessels (Hutchins, 1995a), airplane cockpits (Hutchins & Palen, 1997),
construction sites (Perry, 2017), railways (Andreasson et al., 2019), healthcare (Furniss
& Blandford, 2006; Nemeth et al., 2007) to an Elizabeth drama theatre (Trebble, 2011). As
a theoretical lens, distributed cognition addresses complex patterns of collaboration and coordination in socio-technical systems, taking into account social variables, environmental features, and the effects they have on behaviour and performance. The application of
ethnographic field research methods allows the dynamics of changes to be traced as they unfold naturally in real-life situations. Also, distributed cognition is considered to be a useful
framework to support reasoning about system design and the impact of possible future designs
on working practices and effectiveness (cf. Furniss & Blandford, 2006; Hollan, Hutchins
& Kirsh, 2000; Kirsh, 2006; O’Hara et al., 2002).
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Writing activities have gained moderate attention in distributed cognition (cf. Klein & Leacock, 2012; Menary, 2007; O’Hara et al., 2002). For instance, Richard Menary (2007) shows
that creating and manipulating written sentences transforms our cognitive abilities. He adopts
a conceptual framework called “cognitive integration”. This is by no means synonymous with
distributed cognition; however, his point of view is similar in that he analyses the cognitive
task of writing in terms of “a co-ordinated interaction between neural processes, bodily processes and manipulating written sentences” (Menary, 2007, p. 621). Menary shows that a text
is not only an output of neural processes, but also something that shapes the cycle of processing
which constitutes the mental act. Written sentences are available for further manipulation that
transforms the cognitive task. “The sentences extend my working memory and are, of course,
what can be re-written, erased, moved to another paragraph, etc. It is, moreover, precisely
these kinds of manipulations that are not easily, if ever, achieved in the head” (Menary, 2007,
p. 629). Menary argues that it is possible to think of composing a paper without external media,
but it would be much more difficult and written with different content and in a different style.
Klein and Leacock (2012) explicitly adopt the distributed cognition framework in order to
show how external resources complement internal cognition in the process of writing (Klein
& Leacock, 2012, p. 136). They claim that “the knowledge that informs writing is a distributed,
multi-layered system formed by external representations in the source texts and the writer’s
notes, as well as internal representations in the writer’s long-term memory” (Klein & Leacock,
2012, p. 139). They point to the fact that much cognitive research has been focused on writing
activities that involve few external representations and only the writer him/herself. Yet, such
situations are fairly uncommon. Many writing activities take place at workplaces where many
people are involved in creating a single document, while the whole process is heavily supported by external representations and artefacts (e.g. source documents, computer software).
This does not mean that no individual writing activity takes place in such contexts, but it is
usually only a phase in a long-lasting process.
In their article, Klein and Leacock (2012) present an extensive review of studies that investigate the effect of using external representations and cognitive artefacts on writing activities.
They show that there is a strong interdependence between such external resources and internal
long-term memory, especially when it comes to the phase of planning the composition. For
instance, research results indicate that the presence of an assignment increases the likelihood
that the authors will start generating ideas immediately after reading it, rather than after other
operations. Assignments also operate as scaffoldings for the goals, which affects text quality,
both in terms of its contents and rhetoric. Next, source texts can be treated as an external source
of long-term memory. They can instantiate extensive and detailed topic information, as well
as facilitate constructive integration of contents from multiple sources. Also, there is evidence
that spelling and transcribing words can be strongly distributed between internal representations and external computer software or human collaborators.
On the other hand, Klein and Leacock report that internal knowledge about composing a text
has a greater effect on writing activities than distributed knowledge of analogous content.
Also, research shows that producing coherent discourse appears to depend largely on the writer's internal abilities and not on external resources.
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Finally, O’Hara and co-authors (2002) offer a detailed account of writing activities that involve
interactions between people, resources and artefacts available to them in the external world.
They understand writing as a hybrid task in which one has to read, comprehend, synthesise
and integrate information from multiple source documents while generating new compositions. Their article presents findings from a study of real-world situations in which a range of
writers compose new texts while using several source materials (both in paper and onscreen) extensively.
The authors point to several kinds of interactions with artefacts while completing writing tasks,
as well as the ways in which these interactions influence cognitive processes. They convincingly show how the material properties and contents of paper documents, such as books,
printouts, loose copies, handwritten notes, encourage some actions while constraining others.
For instance, a paper sheet allows information from various sources to be combined fairly
effectively without much disruption to the workflow. It provides several visual reference points, such as page boundaries, and a specific layout that cues remembering and recall
of information. The study shows that information found in paper documents often facilitated noticing and evoking knowledge that was in the writer's head but remained temporarily inaccessible.
Also, paper documents allow physical manipulation that supports attention (e.g. when placing
a finger on the text, pointing to specific information, and turning your head to the screen),
information search and integration (e.g. when rearranging the spatial layout of documents in
order to compare and contrast effectively); they also provide scaffolding for the structure of
the task (a particular organisation of documents can signal the accomplishment of an activity).
Finally, paper encourages taking personal, tacit and informal annotations – an activity which
barely interrupts the ongoing cognitive task. Furthermore, the presence of annotations reduces
the perceptual complexity of the source material by distinguishing certain points among less
important information; it also might indicate that a more extensive source text is relevant
(O’Hara et al., 2002. pp. 288–289).
On the other hand, O’Hara and co-authors indicate that electronic documents are used mainly
as a source of quotes or other specific information to be combined with the emergent composition. They are rarely used for less-guided searches or the generation of ideas.
All in all, the key point of the articles presented above is that activities related to writing consist
in producing external representations that serve as an input to the processes which follow, such
as integrating information from notes or refining a composition. Also, these articles account
for the environmental context as crucial to understanding the writing practices. The spatial
layout of source texts, printouts, annotations, etc. provides a scaffolding for the structure of
the task at hand and can be rearranged swiftly as the nature of the task changes in time. Thus,
the role in performing the task of external representations and the environment is not merely
cognitive offloading. We dynamically reconfigure these resources in order to facilitate information search and integration, support attention shifts, facilitate perception and coordinate it
with short- and long-term memory (cf. Hollan, Hutchins & Kirsh, 2000; Kirsh, 2010; O’Hara
et al., 2002).

6

Writing as distributed sociomaterial practice – a case study

At the same time, the focus of the research conducted so far has been on a fairly limited range
of interactions that take place between a single writer and another individual (a reviewer, coauthor), or between an individual and various tools or external materials. One of the basic
premises of distributed cognition, i.e. its social dimension, remains underexplored in the field
of writing studies. In this paper, I present a case in which the distributed cognition perspective
is applied to writing activities that are realised in a collaborative manner by a group of people
that represent various professional backgrounds and often have clashing interests. Effective
information flow and decision making depend on not only providing adequate sources of
knowledge; they also depend on ensuring that people share and integrate information in
a lively debate. Consequently, establishing a dense network of interactions between them is
vital to performing the given task.

3. Research setting and methodology
The argument presented in this paper draws on an ethnographic study that provides insight
into writing activities that take place in a complex socio-material system from a distributed
cognition perspective.
The study took place in a series of meetings during which groups of experts, local citizens,
and officials were working on the local version of participatory budgeting. Although there is
no universally accepted formal procedure for participatory budgeting, there are some stages or
rules that are broadly considered essential. Participatory budgeting should allow community
members to discuss and identify the local issues and priorities, then to propose projects that
address these issues and, finally, to decide which of the projects should be realised. The last
stage of participatory budgeting often (but not necessarily) consists in voting, the outcome of
which is binding for local authorities. Launching participatory budgeting requires formal acceptance from local councillors and the mayor.
The meetings under study were part of a larger project whose aim was to reinvigorate the local
administration, NGOs, and citizens towards more active engagement in the process of participatory budgeting in their home cities (for an empirical account of knowledge sharing in other
project activities, see Kołtun, 2017). The project was carried out by a Polish NGO – The Unit
for Social Research and Innovation ‘Shipyard’ (subsequently referred to as Shipyard), which
is already recognized for its dedication to fostering civic participation.
The meetings took place in selected Polish municipalities. Their ultimate aim was to create
a formal document that describes the local mechanism of participatory budgeting and is ready
to be officially proceeded by the local authorities. The mechanism had to support potentially
conflicting demands. On the one hand, it was supposed to comply with an accepted standard
defining what participatory budgeting is and how it should work. On the other hand, the local
procedure needed to match the local conditions (e.g. the size of municipality, its territorial
division, the size of the overall budget). Otherwise, the local mechanism either could
not be called participatory budgeting or would be malfunctional from the point of view of
the community.
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Accordingly, the regulation was supposed to be created in an informed but collaborative manner. Shipyard members hosted most of the meetings, providing practical support and expert
knowledge on participatory budgeting. Importantly, they co-authored and published a document that delineated the hard-and-fast rules for the mechanism, which were adopted as guidelines for the whole project. At the same time, meetings were open to all people interested.
Eventually, their participants represented a whole range of social backgrounds: local citizens,
NGOs representatives, officials and authorities. This diverse social make-up was supposed to
ensure that the budgeting was feasible on the local level. For instance, local residents are often
aware of issues that remain unknown to officials or authorities, while the latter are acquainted
with formal regulations and policies.
The whole process of preparing the regulations and launching the budgeting took from a few
months to over a year. Each municipality worked at its own pace and separately from one
another yet following a similar path. The opening meetings were devoted to the presentation
of participatory budgeting standards. They also served the purpose of establishing the ground
for further collaboration, including the aims, the formal status of the group, and the method
of work.
Most of the writing activities took place after the opening meetings were over. In this part of
the process, local teams discussed a number of pre-set issues related to participatory budgeting,
then made decisions regarding each issue, and wrote the content of what was decided on flipchart-sized paper. At the end of the meetings, each group presented the outcomes of their work
to other participants.
Once the groupwork was complete, Shipyard members integrated all notes into an electronic
draft of the document. Everyone engaged in groupwork received it and had a chance to make
final comments or amendments. When the local team and Shipyard members had settled on
all the content of the text, it was passed on to the lawyers who worked for the local city hall.
Their job was to make the document legally correct without introducing any changes to its
substance. Finally, the city council was supposed to vote on the regulations.
The study presented in this paper focuses on the course of the meetings. The final stages of
the process, which included preparing the final versions of the regulations and launching the
budgeting, are beyond the scope of this article.
Overall, the research took two years. The processes of data gathering and analysis were informed by the concept of “sensibility for practice” (Sedlacko, 2017). I focused on what people
actually did and the artefacts they interacted with (not only what they said they did and interacted with) in everyday, mundane settings. I also paid special attention to how events and
activities unfolded in time, in “an open-ended process, full of uncertainties, and where stability
and predictability are not a given but continually need to be produced” (Sedlacko, 2017, p. 55).
Finally, in the course of the whole study I made an effort to maintain a highly reflexive stance
towards my own research practices.
Research involved using several data-gathering techniques. Most of my data came from overt
participant and non-participant observation during various working meetings of Shipyard
members, as well as official project activities. I also conducted numerous in-depth and semistructured interviews with Shipyard members, and an extensive study of official documents,
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working papers, informal notes, etc., produced by Shipyard, its collaborators and project beneficiaries (e.g. municipalities, other NGOs). Moreover, on various occasions, I discussed preliminary research results with Shipyard members, which greatly contributed to refining the
research questions and findings. Data analysis procedures were based on the constructivist
grounded theory (cf. Charmaz, 2006), with distributed cognition as a theoretical lens, prompting research questions and influencing the construction of concepts through data analysis.

4. Research questions and analytical framework
The cognitive task under study consists in making decisions upon the content of a formal document, as well as turning them into written text, both of which are supposed to take place in an
informed and collaborative manner. This involves searching for information and integrating it
from both internal and external sources, exchanging ideas with other people using argumentation, making and discarding alternative scenarios, making decisions, and, finally, formulating
the content of what has been decided and producing a text that is accessible to people from
outside the working group (e.g. Shipyard members). All these activities are highly engaging
for several cognitive processes, including perception, attention, short- and long-term memory,
problem-solving, as well as imagination and reasoning.
There are numerous challenges to completing the task. The first is to make people willing to
share their internal knowledge. This is not obvious when there are a lot of meeting participants
who often do not know each other or are well aware that they represent conflicting interests.
The second challenge is to avoid people sharing knowledge which is irrelevant to the process.
This happens fairly often when residents meet with local officials and authorities and thus treat
this as an opportunity to report all pressing issues that are out of scope. The third challenge is
to guide the process of integrating information from internal and external sources so that the
outcome is compliant with the adopted standard. Finally, the whole process needs to be attractive and technically feasible so that the make-up of meeting participants stays more or less
identical over time.
The leading questions for the study presented in this paper pertain to ways that various resources are integrated within a distributed cognitive system and dynamically coordinated so
that the system as a whole provides incentives for some actions while constraining others. The
key issues that the study addresses are the following:
•

What are the resources that allow an environment to be created in which 1) meeting
participants are eager to share information that is relevant to the task, 2) participants
manage to integrate information, arrive at concrete conclusions, and write them down
in a timely manner?

•

What are the functions and properties of these resources?

•

How are these resources coordinated within a distributed cognitive system?

I pay special attention to identifying the three dimensions of distribution: in space (including
artefacts, external representations and the way that various properties of the workspace are
rearranged), among participants (with specific focus on the varieties of knowledge that diffe-
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rent people and Shipyard members bring in), and in time (both across the meetings and within
individual assignments that require propagation and transformation of representations).
In order to answer the questions concerning the way in which the environment for writing
practices is arranged, I have applied a conceptual framework offered by Kirsh (2001). He
analyses office contexts as complex ecological systems that have an underlying structure that
supports task-specific needs (Kirsh, 2001, p. 306). Office employees are suited to such a work
context only when the structure is available to them to act appropriately (Kirsh, 2001, 310).
Kirsh introduces three concepts that are applied in this paper: entry points, coordinating mechanisms, and activity landscapes. An entry point is “a structure or cue that represents an invitation to do something – to enter a new venue or information space” (Kirsh, 2001, p. 311).
By selecting entry points, such as the way that tables are arranged or the availability of
printouts and stationery, as in the case presented here, users gain metadata concerning the
structure of the task to be performed. A coordinative mechanism should be understood as “an
artefact, such as schedule or clock, or an environmental structure, such as the layout of papers
to be signed, which helps a user manage the complexity of his task” (Kirsh, 2001, p. 305).
People rely on these mechanisms to synchronize activity, carry out tasks and activities, and
manage at-hand resources. As will be shown below, a to-do list and a flipchart-sized paper
sheet are vital for integrating information from external sources and internal knowledge, as
well as making final decisions in a timely manner. Finally, an activity landscape is defined as
“part mental construct and part physical; it is the space users interactively construct out of the
resources they find when trying to accomplish a task” (Kirsh, 2001, p. 305). In the case presented in this paper, activity landscapes are a major factor that shapes the behaviour and ecology of the venues in which writing practices take place.

5. Results
Although the opening meetings do not entail many writing activities, they are crucial for establishing the grounds for future work. Their key objectives are to convey all information related to the standard model of participatory budgeting and to lay out the principles for further
collaboration. Consequently, at each opening meeting, Shipyard members deliver a PowerPoint presentation that delineates the hard and fast rules for the mechanism and provides examples of how the model works in real situations. Moreover, the participants receive a package
of documents and publications that convey more details on the standard model and its real-life
applications. These include “Standards for the Processes of Participatory Budgeting in Poland”, which is a brief, attractive booklet that provides all crucial information on the mechanism. Importantly, the “Standards…” were co-authored and edited by Shipyard members
together with a host of other experts representing NGOs, local governments and ministries, as
well as academia. At the time when the project was carried out, no other publications of this
kind were available in Polish.
The other objective of the opening meetings is to establish an agenda for further work. Discussing the principles of groupwork has often proved more controversial than deciding on the
model of participatory budgeting to follow. In some municipalities, the opening meetings outnumbered those devoted to properly formulating the regulations. The difficulty of deciding the
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agenda results from the fact that it is still fairly rare for officials to work on an equal footing
with people that do not have any experience in public policy management. They do not have
much trust in each other's intentions or knowledgeability. Consequently, opening meetings
serve the purpose of explicating and agreeing on the formal principles which concern the local
team and its prerogatives. They are also essential, at least initially, for building rapport and
mutual interest between all the parties engaged in the process.
In the case presented herein, completing the cognitive task depends on establishing a dense
network of interactions among meeting participants as well as with external sources of
knowledge. This is crucial for achieving an effective flow of relevant information that is later
supposed to be integrated into the process of decision-making. In the next section, I provide
a review of the resources employed in order to complete the cognitive task under study. These
include a range of external representations and cognitive artefacts, as well as various properties
of the environment. Then, I move on to describe how these resources are coordinated within
a distributed cognitive system over time.

5.1. Resources for fostering information flow and collaboration
After the opening meeting, it is assumed that the internal knowledge of all the participants is
aligned to an extent that allows a flow of relevant information and effective collaboration.
When “participatory budgeting” is mentioned, it is believed that there is a common referent
that is specified in “Standards…”. At the same time, Shipyard members host most of the meetings at which writing activities take place and thus their expert knowledge becomes available
for quick consultations. Moreover, they provide a number of other publications and printouts
that complement “Standards…”. These include summaries on how to run the critical stages of
participatory budgeting, best practices from the municipalities that have already launched it,
reviews of voting, promotion techniques, etc.
Other materials provided by Shipyard are supposed to guide the groupwork by providing
a structure to the task. Crucially, there is a to-do list containing all the issues that need to be
addressed in debate and then turned into written text. The document is actually an extended
list of contents from “Standards…”. In this case, it serves as an assignment for the group.
Moreover, there is a variety of stationery available to all meeting participants that is usually
scattered on the tables. Paper sheets of different sizes and shapes often act as reminders of
a given task, but there are also scaffoldings for integrating information, making decisions, and
turning them into text in a collaborative manner.
As mentioned above, once the opening meetings are over, people should have a fairly consistent internal image of what the groupwork will be like. And indeed, afterwards, there are
almost no incidents in which someone tries to undermine these fundamentals. This, however,
is not entirely a result of the successful internalisation of the rules, which are strange to most
participants. Effective collaboration is largely due to the usage of coordinating mechanisms,
as well as manipulation of various environmental properties.
During most meetings, a particular device is used which constantly reminds the participants
of the basic rules of conduct, such as silencing phones or not interrupting while someone is
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speaking. This device is a flipchart tripod which presents the guidelines such that they are
visible to participants most of the time. However, its effectiveness lies not only in its intersubjective accessibility, but also in the fact that it does the job in an impersonal and thus largely
uncontroversial manner. Without it, the meeting hosts would need to take up the unpleasant
burden of indicating the inappropriate behaviour themselves. This, in turn, could easily end up
in a confrontation that seriously endangers the information flow.
Still, the very fundamentals of good collaboration are based on the participants’ goodwill and
embodied habits. These include willingly entering conversations and sharing ideas or adopting
a friendly attitude towards certain people. Hence, coordinating people’s collaboration depends
on the arrangement of the environment rather than formulating explicit rules. Before each
meeting, Shipyard members make sure which pieces of furniture and equipment are moveable.
For instance, if a room is normally used for voting, the tables have to be reorganised into islets
at which small groups of people can interact simultaneously. Next, the overall number of seats
is crucial to determining the size of the subgroups at the meeting. Too few members in a group
means that the information flow is restricted and not very productive. Too many people can
hinder all communication. Finally, too many subgroups in a single room may generate distractive noise and movement.
The resources listed above (documents, paper materials and printouts, space arrangements) are
used extensively in the course of completing the task. They perform several functions that
often change over time. Importantly, these resources not only complement information that is
missing from the internal knowledge of meeting participants. Together they create a specific
cognitive ecology that encourages people to take up some actions while making others less
comfortable or even impossible to carry out. The question of how the resources are coordinated
within the distributed cognitive system are addressed in the following sections of this article.

5.2. Arranging activity landscapes for information flow
In what kind of environment do the meetings take place? What does this environment offer to
the people involved?
The meetings are usually held in rooms used by local offices for conferences or formal proceedings. Such venues are designed for orderly debate during which people take turns with
little spontaneity; they promote a highly structured information flow that is based on formal
hierarchies. Some of the meeting participants work at these places on a daily basis and have
already developed specific routines of behaviour. However, entering such venues may give
a sense of discomfort or insecurity to other people. The kind of information flow that Shipyard
strives for, which consists in dynamic and overlapping interactions with a lot of bodily movements, seems unlikely to emerge in such an environment.
Consequently, the workspace for writing practices needs to be rearranged so as to encourage
certain types of conduct while making others less probable: for officials, an altered setting
should prevent them following their daily routines; for regular citizens, it has to be more welcoming. The goal is to foster recall and sharing of internal representations while making others
less probable to emerge.
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In the photos presented below, we can see how one room can be arranged for different purposes. The activity landscapes vary, depending on the goal and the method of work.

Figure 1. Activity landscape for a highly structured, linear information flow

In Figure 1, we can see a Power Point presentation on the screen; two presenters are commenting on its contents and a number of people are listening, all of whom are seated at a large
table. The size of the table, its position in relation to the screen, the collocation of chairs, and
the availability of stationery serve as entry points for the participants. Such an arrangement
clearly indicates a lecture and suggests that it is essential that everyone gets familiar with and
memorises the information conveyed – if not in the head, then by means of taking notes.
This kind of activity landscape is employed mainly during opening meetings. It reinforces
a pattern of interaction that is characteristic of a structured and supervised information flow.
Interactions are mostly one-way: from the presenters to the meeting participants. The people
sit one in front of the other, therefore they can only see each others’ backs. Due to the size of
the table, those who sit face to face are too far apart to talk quietly. At the same time, there is
a lot of stationery within easy reach. As a result, interactions with other group members prove
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much more difficult to carry out than interactions with the presenters, the screen, or one’s own
piece of paper. Although the participants are not directly facing the screen, they instinctively
focus their attention on the presentation and the hosts. Alternatively, they can take notes, which
means engaging in simultaneously processing the incoming information and creating external
representations of it on paper.

Figure 2. Activity landscape for an unrestricted, multidirectional information flow

Figure 2 shows the meeting hosts presenting the contents of a flipchart-sized paper sheet. They
hold it in front of people seated in smaller groups. Each group has a separate table with stationery scattered around and a flipchart-sized paper filled with handwritten notes. The fact that
there are several islets, the way they are arranged, as well as the availability of other supplies
serve as entry points for the participants. They provide basic information on the nature of the
activity to the subgroups, each of which is collectively creating some kind of a written outcome
which is supposed to be presented to other participants.
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Most of the writing practices presented in this paper are organised in a similar activity landscape. Due to the size of the table, members of each group sit close to each other and are able
to interact simultaneously and without much effort (e.g. changing body position or talking
more loudly). Furthermore, the size of flipchart paper is a constant reminder of the fact that
the activity’s outcome should result from collective decisions (in contrast to writing ideas or
questions for the presenters on an A4 sheet of paper, as in the activity landscape presented in
Figure 1). Eventually, the space in front of all tables is temporarily turned into a stage for
presenting the groupwork outcomes and a summary of the entire activity.
Information flow in this case is much denser than in the previous case. It involves a lot of
spontaneous interaction, sharing of ideas, and an outcome written on paper. It is based on the
meeting participants recalling internal knowledge. External representations are created collectively as a result of sharing and discussing the participants' internal knowledge. The purpose
of creating external representations is not so much to aid memory but to make the outcome of
the activity stable and intersubjectively accessible.
The ultimate goal of establishing the landscape for writing practices is to foster dynamic and
multidirectional interactions that allow effective information sharing. Achieving this depends
on providing numerous entry points that are metadata-rich and sufficiently intrusive, so that
the meeting participants can make sense of them (cf. Kirsh, 2001, p. 315). The number and
arrangement of tables and chairs suggest what the core activity consists in. Tables take most
room space, while their arrangement and the materials placed on them provide information on
the outcome of the incoming task. The variety of pens, markers and blank sheets of paper on
the tables means that at least one task ends up with a written summary. Importantly, the size
of paper sheets provides detailed information about the planned activities. The presence of
post-it notes anticipates the generation of loose ideas or brainstorming. A4 or smaller paper
suggests that everyone should take notes individually. Flipchart-sized paper means that some
written summary will need to be shared with other participants. Finally, extra materials, such
as publications or printouts clipped together, suggest that the task will require finding and
integrating information from external sources.

5.3. Managing information flow with external resources and time
Shipyard members provide a variety of paper resources that are employed in the course of
writing activities. All documents are left on the tables next to each seat, therefore everyone
gets their own copy. This kind of arrangement, rather than piles from which individuals collect
stationery for themselves, allows a variety of manipulations that support the realisation of
the task.
The to-do list is one of the key resources used in meetings as a mechanism which coordinates
information sharing during groupwork. The list shown in Figure 3 already has some annotations made by one of the Shipyard members.
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Figure 3. A to-do list as a mechanism that coordinates the sharing of relevant
information from internal and external sources

The document contains a list of topics related to participatory budgeting that need to be discussed and decided upon by the meeting participants. It was created by Shipyard members on
the basis of the “Standards…” content with the aim of aiding the supervision of various activities in the whole project. Its primary goal is to prevent some of the issues that are vital to
participatory budgeting being overlooked. Thus, for Shipyard members, the list aids memory
offloading. Throughout the process, however, the to-do list becomes one of the key mechanisms of completing more complex cognitive operations.
The to-do list is used for dividing the workload among the participants. A successful division
consists in tying several factors together: the number of people participating, the amount of
time available, and the expected outcome of a single meeting as compared to the pace of the
whole process. The goal is to have an optimal number of subgroups so that they simultaneously
work on the selection of topics and provide input to the regulations.
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The annotations made on the printout divide the contents of the document into parts, which
are then numbered. Each digit will have a corresponding subgroup assigned to it to discuss the
selected topics. The chunks are not identical in terms of the amount of bullet points included.
At first sight, it seems that group I has a smaller workload than group II or III. Yet, the chunks
are equal in terms of how much time for discussion they consume. Shipyard members are able
to make such inferences based on their internal knowledge. They are well aware of what exactly each bullet point stands for in terms of the variety of issues and alternative scenarios that
will have to be considered. Also, they have first-hand experience of which topics stir controversy and are therefore time-consuming. Consequently, the act of making annotations on the
list is an externalisation of the outcome of a series of cognitive operations, including recall
from long-term memory and a perceptually conducted assessment of the amount of information presented on a sheet of paper. Thanks to the list, the decisions concerning the workload
division across time and among people become stable and stay visually accessible for further manipulations.
Next, based on the total number of the meeting participants and the size of the room, Shipyard
members make an initial assessment of the number of subgroups. Once this is done, they turn
their attention back to the list with annotations. The information which they are looking for is
the number of chunks of bullet points, not their propositional content. Making this shortcut is
possible thanks to the annotations made in the previous step. While the information about the
number of chunks is visually available on the sheet of paper, Shipyard members are able to
store information concerning the potential number of subgroups in short-term memory. At the
same time, they contrast the two pieces of information against each other and, consequently,
they can make a final decision on the number of subgroups, the size of chunks, and the amount
of time assigned for the task.
The to-do list is also crucial for effective workload allocation to the subgroups. As mentioned
previously, each meeting participant has their own copy of the document. Once they have been
divided into subgroups, a Shipyard member comes to the fore and waves the list above their
head, asking everyone to locate their copies. The next thing everyone does is look for the
chunk of bullet points that they have been assigned with. They do not read the whole list. At
this moment, no one is interested in the actual content of what they are searching for. The task
consists in visually locating the right page and then the right range of bullet points. Usually,
almost everyone locates their chunk, often marking it with a pen, and checks with other members of their subgroup for inconsistencies.
Without the list, the task of assigning the workload to each subgroup would pose a heavy
burden not only on the participants' memory but also on sharing and processing information
between them and Shipyard members. The paper document makes the content of the conveyed
information intersubjectively accessible. As a material vehicle, it allows physical manipulation
in space and via indexical gestures. In this way, it facilitates making attention shifts that do
not disrupt the flow of actions. Finally, as a paper document, the list contains numerous visual
cues, such as page numbers, page boundaries, and various text layout properties, which help
to locate specific information without learning about its content (cf. O’Hara et al., 2002).
Finally, throughout the writing activities, a to-do list acts as a coordinative mechanism that
binds people, internal and external knowledge, as well as time. It is shareable, so everyone is
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sure that they have the same knowledge of what the task consists in; it is stable across time,
thus alleviating memory load. In the course of discussion, the list constantly reminds the members of each group of what kind of information they should be looking for. It fosters recall of
internal representations that are relevant to the topic. Finally, it encourages complementing
them with information from external sources.
At the same time, the list reduces the probability that a group goes off-topic. Some people
cross out the bullet points on which they have already settled, creating an up-to-date picture
of progress that is immediately available. Moreover, people constantly compare the amount of
bullet points “to-do” to the amount of time left. The conclusion of such a comparison is usually
that there is a lot of work and little time. As a result, most issues that are not directly related
to the topic but still arise in discussion are postponed until a group is finished with the list.
Such occasions turn out to be rare because Shipyard members carefully weigh the time given
to complete the task against the amount of work.
The second kind of resources that are crucial to achieving the right information flow are publications and other expert materials provided by Shipyard and local offices. They complement
the information that the meeting participants consider missing from their own knowledge,
mainly with regard to the details of participatory budgeting. Also, they guide the recall of
relevant knowledge concerning the local needs and conditions.
The information found in a document usually acts as an incentive for more interaction with
both people and other materials. It triggers recall, encourages the participants to invent and
evaluate alternative scenarios and solutions, and prompts them to find more detailed justifications for the decisions made. However, on some occasions printouts are treated as a source of
ready-made solutions. This happens especially when meeting participants refer to examples of
regulations in other municipalities. They tend to treat them as optimal for their own community
because they are already operational and have been appraised by Shipyard. Thus, the documents constrain the recall of internal representations. Shipyard members try to identify such
situations quickly and remind the group members that it is best to elaborate solutions that are
context-specific and based on local expertise.
But what is it that causes paper documents and publications to be used so extensively throughout the process? After all, some meeting participants bring internet-connected laptops but
eventually hardly use them.
Paper documents can be physically manipulated in a way that fosters information search and
sharing. Groups divide the documents so that each person looks for certain information individually. Once everyone has finished this task, it is easy to share the outcomes by means of
pointing to a concrete passage in the document which everyone has. Thanks to the properties
of paper, sharing information in a group is a manual operation that is done with hands and
eyes, not a complex procedure that requires recall and memorising.
Printouts can also be enriched with various annotations that facilitate combining information.
People usually make notes next to the contents they are studying at a given moment. Sometimes, they externalise the information triggered from memory by writing it down next to their
source. On other occasions, they jot down a number that represents a specific bullet point from
the to-do list. Also, colours and capital letters are used consistently across several documents.
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All these operations provide visual cues that foster recall and integration of information across
media. Annotations make the highlighted information or handwriting stand out from the rest
of the content, which appears relatively homogenous. They also make stable connections between pieces of information from various sources, e.g. internal and external or several external
ones (cf. O’Hara et al., 2002).
Figure 4 shows members of a subgroup using various documents. One person who is next to
the woman in glasses is out of frame; only the paper she is holding is visible in the picture.

Figure 4. Using external sources for information sharing among group members
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The picture shows several activities taking place simultaneously over various printouts. First
of all, the woman seated to the right is immersed in a search for some information and is not
communicating with the other people. She is performing her task individually and independently of other members of the group because she has her own copy of the document. She
occupies the only place on this side of the table and thus cannot be interrupted as easily as
her colleagues.
Both women on the left look at the document held by the person seated outside of the picture.
The look of their faces and their body positions (the hand with a pen next to the mouth, both
hands performing the motion of turning the page, turning towards the person that holds the
document of interest) suggest that they have been interrupted in the middle of another activity.
Yet, now their attention is focused on the current task. The easiness of shifting attention from
one document to another lies in the fact that this is an operation that is performed upon external
representations in the world. On the one hand, people engaged in it can easily keep track of
their previous activity by putting a finger on the place where they were interrupted. On the
other hand, the interruption does not involve complex processing of orally conveyed information but rather looking at the part of the document indicated by the third person. All in all,
the attention shift is founded upon perception and poses little threat of disrupting the workflow.
To sum up, the paper resources provided by Shipyard members foster the recall and sharing
of internal knowledge and complement information that is unknown to the meeting participants. They act as an external source of information and a scaffolding for the structure of the
task. Hence, they ensure that the shared and integrated information is rich yet relevant. Furthermore, paper resources can be treated as a means to control the course of task completion
by actually narrowing down both the scope of the sources used and the topics raised. As for
the former, paper documents have qualities that make their contents easy to identify, integrate,
and share. This makes them much handier than, for instance, online sources, which may well
contain information that is considered inappropriate from the point of view of the adopted
model. Hence, when people find using the provided paper documents more convenient than
their laptops, they actually ensure that the information they discuss stays appropriate. At the
same time, the to-do list combined with a small amount of time allowed for task completion
encourages the meeting participants to stay focused and reduce any issues that do not address
the assigned topic directly.
5.4. Flipchart-sized paper as a mechanism that coordinates information integration and decision-making
The activities described so far have dealt mainly with information flow. They involve manipulating various resources without which it would be hard to imagine successful task completion. However, it is the last stage of groupwork that poses the heaviest cognitive load on the
meeting participants because the only stable, external representation that this stage entails is
the actual outcome of the whole activity, namely a written summary of the final decisions.
There are a few “by-product” external representations that could facilitate the very process of
integrating information and making decisions. Sometimes people take notes, but they use them
individually as a memory aid and link between media, not necessarily as a resource for sharing information.
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Ultimately, it is the flipchart-sized sheet of paper that is placed on the table in front of all group
members that plays the central role in the completion of the final stage of the meeting. At the
beginning, when people are focused on searching for and sharing information, flipcharts are
covered with printouts and stationery. By the end of the meeting they have been filled manually with the decisions the group has made. However, being a vehicle for information is only
one function that flipcharts perform. Their material properties and the actions that they allow
make them crucial for coordinating a variety of cognitive operations, including integrating
information, making decisions, turning them into a propositional form, and, finally, sharing
them with other people.
A flipchart-sized sheet of paper on the table looks like a single, blank space of considerable
size that should be filled with some content. These properties make it so visually acute that it
acts as a constant reminder to the meeting participants of what the outcome of the activity
should be. At the same time, the flipchart paper is used by Shipyard members to assess the
pace of work just by keeping track of the amount of text written down. There comes a moment
when one of the hosts urges all groups to start taking notes. Establishing when this occurs
depends on the visual availability of the outcomes produced by each group. Thus, the flipchart
paper acts in a similar way for Shipyard as the to-do list did for the participants of the meeting.
The size of the flipchart paper allows large, legible handwriting so that the contents of decisions are intersubjectively accessible. This is important in several stages of the whole process.
During group discussion, legible handwriting allows all group members to see and refer to the
contents of their decisions at all times as they do not need to exchange anything between themselves and do not usually even need to rotate the sheet. In this way, all members of the group
stay up to date and the load on their memory is smaller. Moreover, the written sentences allow
manipulations that, as Menary indicated (2007), would otherwise be impossible. Namely, it is
easier to find inconsistencies in a series of decisions when their contents have been stabilised
in a visually accessible manner. Then, making refinements to the text usually requires crosschecking with information from an external source. Due to externalisation on a large piece of
paper, this operation can be carried out by several group members at the same time.
Figure 5 illustrates the moment at which text production started but a lot of issues are still
unresolved. The person on the left is presenting some arguments, presumably taking advantage
of the contents of a digital file opened on a laptop. The person seated centrally is listening with
a facial expression that gives the impression that he is actively engaged in processing the information and formulating counter arguments at the same time. One of the group members on
the right has taken their glasses off, thus marking an interruption from their activity. The second person to the right is searching through “Standards…”, having reached almost the middle
of the book.
This kind of activity landscape provides various incentives for interactions with documents
and other people. Meanwhile, the flipchart at the centre of the working surface constantly
reminds the participants of the need to ultimately integrate the gathered information, make
decisions, and turn them into written text. The text that has been already produced is visible to
all group members. The flipchart itself is large enough to accommodate various printouts and
publications that help refine what has been already written and make further decisions.
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Figure 5. A flipchart-sized paper as a mechanism for coordinating integration of information
and making decisions

The legibility of the text presented on flipcharts is also crucial for managing the information
flow between the meetings. Flipcharts filled with notes are placed on the walls of the room on
the following meetings; thus, they are the basis for addressing the differences between the
internal representations of people that may have varying levels of experience in the process.
Moreover, the flipchart contents need to be legible and structured in a way that allows them to
be transferred to the final version of the regulations. The meeting participants do not copy the
details of bullet points from the to-do list to the flipchart; they only write down the contents
of their decisions. In this case, the to-do list serves as a coordinative mechanism again: the
sequence of points in the flipchart reflects the sequence of the bullet points from the list, thus
it refers to the issues that the decisions are supposed to address. Once all the meetings are over,
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Shipyard members are able to match the contents of notes on flipcharts to concrete components
of the local participatory budgeting.
Figure 6 shows the exact moment of interaction between the writer, the flipchart paper, and
the list. Importantly, the members of the group who are not engaged in producing the text are
able to keep track of both what the writer is doing and the overall performance of the group.
They are also engaged in searching for and sharing information to make further decisions.

Figure 6. Coordination of text production by means of a flipchart paper and the to-do list

Importantly, flipcharts filled with handwriting reveal a lot about the course of writing activities
as such. To a certain extent, they make it possible to determine which piece of information
was added at which point in time. For example, one of the Shipyard members writes her notes
about the “controversial issues” next to the main body of the text produced by a group. She
does so in a smaller font, adding several question marks to each annotation; this makes it easy
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for anyone – not only the author – to identify the sequence of information processing and
discern between the contents that have been accepted and those which require further debate.
Figure 6 is an example of what a flipchart paper usually looks like at the end of the writing
activity. Note how well the contents of the flipchart paper depict the dynamics and hastiness
of the processes of making and refining decisions. One can literally see the changes that have
been introduced as the text was produced: thanks to the properties of paper and handwriting,
all deletions and alterations stay visible.

Figure 7. The outcome of the writing activity: a flipchart filled with notes representing
the contents of the decisions made by a group

At the end of every meeting, each group places their flipchart on a tripod and presents its
contents. This is the moment when information is integrated across groups, and this operation
is managed mainly by Shipyard members. They are able to identify inconsistencies between
decisions made by different groups and at different meetings. Also, the presentations provide
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an opportunity to give more detailed justifications for the decisions made. Extra information
conveyed orally usually pertains to various options that have been ruled out and the reasons
for doing do. Hence, the participants share information that is not central to their decisions but
which was an important part the process.
All in all, the process of making decisions and composing a text on a flipchart-sized paper
entails a continuous exchange and coordination of internal and external sources of information.
Text production as such involves offloading memory and sharing its contents, not only among
the group members but also with Shipyard representatives. It would be virtually impossible
for a single person to remember the arrangements made by all groups in all meetings across
various municipalities. In addition, as the whole process requires integration of internal
knowledge regarding the local needs and conditions, it cannot be simply reconstructed from
recall by Shipyard members. Finally, the fact that the text is placed on a flipchart-sized paper
reveals the collaborative nature of the entire decision-making process.
6. Summary and conclusions
The overarching aim of the study presented in this paper is to provide an insight into writing
understood as practice that is distributed in a dynamically changing sociomaterial system. The
cognitive task under scrutiny involves making decisions on the contents of regulations for local
participatory budgeting, as well as turning them into written text in an informed and collaborative way. Importantly, the people involved in this task are not tied by any formal relationship
or hierarchy, but they often have clashing interests and come from different professional backgrounds. On the one hand, they are supposed to share their internal knowledge; on the other,
they need to complement it with external sources of information. Therefore, establishing a network of dense, multidirectional, and spontaneous interactions among the people engaged as
well as with several documents and publications is essential to all cognitive activities involved
in task completion.
From a distributed cognition perspective, the unit of analysis comprises a dynamically changing, sociomaterial system that consists of people, activity landscapes, external representations, and cognitive artefacts.
People. The locals who participate in the meetings provide knowledge about the place where
they live and its specific issues and demands. Importantly, their diverse backgrounds should
allow information to be integrated from various perspectives that may be absent from the
knowledge of any one individual. Their knowledge is usually highly context-specific and diverse; therefore, their recall from internal structures has to be guided so that information shared
with other people is adequate from the point of view of the goals that have been set.
Shipyard members act as experts acquainted with the standard model of budgeting as well as
its numerous versions, local solutions to specific problems, and the potential consequences of
various decisions. Their knowledge is propositional (it is the knowledge “of” models, solutions, rules) as well as tacit and practice oriented (knowledge “how”, addressing specific problems and limitations). However, the essence of their expertise lies in their ability to detect
contradictions throughout all the groupwork. Inconsistencies happen fairly often because the
process of decision making is extended in time and the participants of a meeting forget what
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was previously settled upon or simply fail to make connections between various pieces of
information. Moreover, Shipyard members are capable of anticipating the future consequences
of decisions made at a given moment. The participants cannot know the consequences of their
decisions yet as they will only become apparent at subsequent stages of the process. But Shipyard members often present the consequences of alternative solutions from the point of view
of the decisions that will have to be made in the future. Shipyard members’ internal knowledge
about participatory budgeting is both extensive in terms of informational content and wellintegrated in terms of the ability to combine information concerning seemingly separate aspects of the same issue. The experts retrieve and integrate information from long-term
memory in a way that is unavailable to people who have less formal knowledge and practical experience.
Nevertheless, during meetings, there are always too few Shipyard members to cater for the
needs of all subgroups, both in terms of providing relevant information and fostering its flow
between participants. Even if that were possible, the adequate conduct of the meeting participants would remain highly dependent on their embodied habits and goodwill, both of which
are largely tacit. Consequently, task performance requires employing and coordinating several
resources that serve two purposes: firstly, they alleviate much of their cognitive effort and
even make some cognitive operations feasible at all; secondly, the combination of resources
encourages people to adapt their behaviours in an appropriate manner without the need to refer
to any explicitly formulated rules.
Activity landscapes. Entry points, such as the arrangement of tables, piles of printouts placed
on them, or blank flipchart papers spread in front of each group, provide rich metadata concerning what is expected from the participants. At the same time, how participants are seated
in relation to each other and how the working surface is arranged encourages frequent interactions between them as well as with the available artefacts.
External representations and cognitive artefacts. The various paper documents, materials,
and the meeting participants form a functional relationship based on dense interactions. They
entail an effective flow of information in which internal representations are transformed and
propagated, both in discussion with people and as externalisations made on various pieces of
paper (cf. Sellberg & Susi, 2014).
The publications and other documents provided by Shipyard perform numerous functions in
information search and sharing. Firstly, they are an external source of information that complements the internal knowledge of the participants. Secondly, the publications contain only
information which is relevant from the point of view of the whole process. Hence, the contents
of the documents provide a scaffolding for the structure of the task. On the one hand, if the
participants do not have any knowledge on a given topic or run out of their own ideas, the
information found in a document is a starting point for further discussion. On the other hand,
internal knowledge that the documents trigger is supposed to be related to the debated topic.
At the same time, the availability of the documents leaves room for Shipyard members to
exercise their expertise in a different way than just being a source of relevant information.
Both, the to-do list and the flipchart-sized paper support situation awareness. They act as constant reminders of what should be done and how much is yet to be done. As for the to-do list,
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it is an external representation of the assignment’s structure. The list aids memory and directs
the information flow: recalling from memory as well as searching through other documents,
and further integration of both sources. Next, the writing of text on the flipchart-sized paper
allows a transformation of representations that would be hard to achieve solely in speech or in
internal structures. Due to the size of the text and its stability over time, the decisions can be
refined and combined with the outcomes of other subgroups' work, as well as during subsequent meetings. Finally, both the to-do list and the flipchart paper serve as an indicator of
groupwork progress over time, thus pressurising the meeting participants to stay focused only
on those issues that are directly relevant to the task.
The fact that all meeting participants have an identical format of paper documents makes the
synchronisation of information from various sources and between people fairly easy. Comparing their contents is a perceptual operation that is often aided with indexical gestures. Moreover, the paper itself facilitates switching attention between internal and external representations, and, as a result, integrating information from various sources and among several meeting
participants. This is because paper documents allow annotations and offer several visual cues
that guide remembering and recall. The material properties of paper documents ensure that
information flows seamlessly and is propagated across several components of the system. Such
coordination would be much harder to achieve if online sources or computers were used.
In sum, the cognitive effects described in this paper are achieved by means of a subtle coordination of numerous resources, taking advantage both of their contents and material properties.
Each component plays a role within the whole system, but it becomes operational only in the
context of its relation to other elements (cf. Hutchins 2006, p. 390). The resources employed,
including external representations, artefacts, and the environmental properties, perform all the
functions listed by Zhang and Patel (2006, p. 335; see also Zhang, 1997): they aid short-term
and long-term memory, provide knowledge and skills which are not available in internal representations, provide information that can be directly perceived so that little effortful processing is needed to encode it, support perceptual operators that make inferences fairly simple,
and change the sequence of actions performed, thus transforming the nature of the entire task.
Yet, the research results point to one more function of the resources employed: they are coordinated in a way that produces powerful effects upon the cultural practices undertaken within
the whole distributed system (cf. Hutchins, 2006, 2008). The space arrangement affects the
embodied routines of moving around and entering conversations, thus making them more informal and dynamic. Combining the to-do-list with a relatively short time interval acts as an
effective constraint on debating topics that are out of scope but might be highly controversial.
Flipchart-sized papers filled with handwriting are treated as a representation of the outcome
of collective effort, thus they reassure all the people involved in task completion that their
decisions cannot be easily discarded or questioned. None of these effects is of a cognitive
nature in a straightforward sense, but in each case a specific kind of resource or combination
thereof plays an important role in establishing effective information flow within the whole
system. Ultimately, the reorganisation of cultural practices is one more crucial factor that contributes to creating an environment in which group members employ their past experiences as
well as learn new patterns of interaction with each other and with external sources in order to
complete the given cognitive task.
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