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ABSTRACT
In order to deepen the understanding of the intrinsic interactions and 
interplay between humans, tools, and environment from a systems 
perspective, research in the wild (RITW) approaches have gained 
traction during recent decades as they provide a higher ecological 
validity of findings. This paper presents a RITW study, investigating 
how assembly, in this case dock assembly of forwarders, was done 
in practice. As our theoretical foundation, we used the framework of 
distributed cognition, which is one of the main pillars of RITW. The 
findings are presented in narrative form, describing and highlighting 
that the workers achieve an efficient production outcome by being 
integral parts of the whole production process and doing so through 
coordination of activities benefitting the shared goal of the distributed 
socio-technical system.

1. Introduction

The research field of human factors and ergonomics (HF&E) essentially deals with the 
design of artefacts and tools to fit the human body and its cognitive abilities (e.g. Chapanis, 
1996). As such, the field has long played an important role when it comes to optimising 
human performance, explaining why the manufacturing application, particularly human 
based manufacturing, has been a large driving force in the development of the HF&E 
research field. While several researchers have called for a more unified view of human 
cognition in HF&E, a view where the field is not only described as a systems discipline but 
actually advanced as such, the attempts made in this direction have not fully managed to 
abandon the traditional psychologist’s view where the individual is the focus of research. 
One of the main advocates of a systemic view in HF&E, John Wilson, has long argued for 
humans to be studied and understood within their own context (Wilson, 2000, 2014). He 
argued that the unit of analysis should be expanded to focus on the interactions between 
individuals, tools and contexts, i.e. having more in common with anthropology than with 
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traditional cognitive psychology. In previous work (Lindblom & Thorvald, 2017; Thorvald 
& Lindblom, 2015), we have argued that the application of HF&E in manufacturing suf-
fers the same shortcomings and thus would greatly benefit from being characterised as a 
complex socio-technical system where interactions between peers, artefacts, and tools are 
the proper unit of analysis. In the manufacturing domain, a lot of information is shared 
among resources and humans, and information delivery at the right time and place is of the 
utmost importance (Thorvald, 2011), thus adding to the complexity of the socio-technical 
system. Tools and artefacts are crucial aids in the mediation of many actions and tasks that 
occur on the shop floor. With this view on manufacturing as a complex socio-technical 
system, the need to study both cognitive and social activities in practice becomes evident, 
and also the need for incorporation of external resources that are available to perform their 
manufacturing tasks.

The ‘research-in-the-wild’ (RITW) approaches were introduced nearly three decades ago 
when the scholars Jean Lave (1988), Lucy Suchman (1987), and Edwin Hutchins (1995a, 
1995b, 2010) started to write about cognition being-in-the-wild (Rogers & Marshall, 2017). 
In their writings, they criticised the prevailing view of human cognition in the interdisci-
plinary field of cognitive science. At this time, the classical view of cognition dominated 
the cognitive theories; cognition was viewed as information-processing in the individual’s 
head and the construction of rational explanations of human behaviour was in the form of 
execution of plans (e.g. Rogers, 2012; Rogers & Marshall, 2017). In contrast, the proponents 
of ‘in-the-wild’ approaches offered another explanation of cognition, stressing that human 
cognition – when being observed as it unfolds in practice – is distributed and embodied 
in the social and material sphere and situated in the moment (see e.g. Lindblom, 2015a; 
Marsh, 2006 for more details of situated, embodied, extended, dynamical, and distributed 
approaches to cognition). A key concern in RITW studies was to reveal what actually 
happens in the real world, how do humans act and behave in situ, what kind of material 
and social resources do they use, when, and in what ways? Furthermore, the proponents of 
‘in-the-wild’ approaches convincingly argued that cognition should be studied in the wild, 
going beyond the scope of what is usually possible to observe in a contrived lab study. As 
pointed out by Rogers and Marshall (2017), in situ studies can offer new ways of thinking 
about how to perform research. When contrasting RITW approaches to more contrived lab 
studies where researchers try to hypothesise and predict human performance, running in 
situ studies often provides unexpected findings and uncovers insights about human actions 
in practice beyond the scope and grasp of lab-based settings. In other words, it is argued 
that RITW uncovers the unexpected rather than confirming hypotheses or aspects already 
known (Rogers & Marshall, 2017). Rogers and Marshall (2017) point out that this way of 
conducting research may at first glance be viewed as if it is lacking the rigour associated with 
the more dominated research paradigm of conducting contrived studies. However, despite 
the lack of control in RITW studies, they argue that this approach can be the most revealing 
when it comes to discovering what actually happens in the real world. These studies also pro-
vide a greater ecological validity compared with inferring results from contrived lab-based 
studies. The outcome from RITW studies can be used to inform the rethinking of current 
cognitive theories or the development of new theories and concepts. It can also provide 
new insights and understandings of human behaviour in the real world where technology 
is embedded and used in everyday life (Rogers & Marshall, 2017). Considering this, Rogers 
and Marshall (2017) stress that RITW studies is becoming more widely accepted as a way of 
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doing research when studying e.g. human cognition, human–technology interaction, and 
human–computer interaction. In this way, RITW is complementing but also questioning the 
validity of the traditional lab-based research paradigm (Rogers & Marshall, 2017). This is 
consistent with Wilson’s arguments for the future of HF&E research. In fact, Wilson (2000) 
explained that the increased interest of ergonomists in ethnographical approaches, when 
the unit of analysis is ‘interactions in the wild’, enhances the argument that field research is 
fundamental ‘for the core purpose of ergonomics, investigating and improving interactions 
between people and the world around them’ (p. 563). He argued that this requires integration 
both within the HF&E discipline and with other disciplines.

Manufacturing as a whole is a very diverse domain and this study is part of a larger 
research purpose of studying several kinds of manufacturing and various types of assembly 
processes from a more situated, embodied, and distributed cognition (DCog) perspective. 
Our previous work has ranged from traditional line assembly, almost of a Tayloristic (Taylor, 
1911) kind (Lindblom & Thorvald, 2017; Thorvald & Lindblom, 2015) and interruption 
management (Kolbeinsson & Lindblom, 2015; Kolbeinsson, Lindblom, & Thorvald, 2017; 
Kolbeinsson, Thorvald, & Lindblom, 2017), to process oriented monitoring of machines 
(Andreasson, Lindblom, & Thorvald, 2017). This paper further adds to the body of work 
through including more complex dock assembly where the longer assembly times and 
varying work (as opposed to the traditional line assembly) adds to the complexity of the 
unit of analysis.

This paper aims to characterise and analyse dock assembly of forest machines from a 
RITW approach. More specifically, the flexible, time consuming, and collaborative dock 
assembly process is being studied as a complex socio-technical system from a DCog perspec-
tive (Hutchins, 1995a, 1995b, 2010), focusing on how the assembly process is accomplished 
in practice in this particular setting.

2. Background: broadening the unit of analysis

This section focuses on how DCog,1 as put forth by Hutchins (1995a, 1995b), can be, and 
have been, applied to widen the unit of analysis in a number of domains, specifically human 
based manufacturing. The section also addresses tool use as well as the concepts of handed-
ness and enacted landscape, describing how tools, in the hands of a proficient user, become a 
physical extension of the body, which we argue is of major importance in manual assembly.

2.1. The theoretical framework of DCog

The common and still dominant view in traditional cognitive science is that human cog-
nition is internal to the individual and that humans act on internal representations of the 
world, i.e. mental representations that represent something else. However, the theoretical 
framework of DCog, originally presented by Hutchins (1995a, 1995b) extends the unit of 
analysis of cognition beyond the boundary of the individual organism and proposes that 
cognition should be studied ‘in the wild’ as it naturally unfolds. From a DCog perspective, 
human cognition is fundamentally distributed in the socio-technical environment that we 
inhabit. DCog takes a system perspective and discards the idea that the human mind and 
environment can be separated. Therefore, cognition should instead be considered as a cul-
tural process, rather than as something contained inside the mind of the individual. That 
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humans routinely extend and distribute their cognition into the environment can easily be 
viewed in most settings. For example, a factory worker might use external memory aids 
to remember the size of the current production batch (Lindblom & Thorvald, 2017) and, 
in a similar vein, the office worker might use post-it notes to offload memory systems and 
communicate with colleagues (Kirsh, 2001). Hutchins’s own example shows how the ship 
captain and navigator heavily rely on the crew to fulfil their part in the complex task of 
running the ship (Hutchins, 1995a). The nature of the distribution of cognitive processes 
differs very slightly between domains and all of these examples are cases where the cognizers 
use external tools or peers to extend and mediate their cognition into the environment. This 
results in: (1) offloading cognitive load and freeing up cognitive capacity for other tasks, 
and (2) collaborating with peers and tools allows for more effective cognitive processing.

The underlying principle in DCog is that cognition is an emergent phenomenon result-
ing from the interactions between different entities in the brain, the body, and the social 
and material environment (Hutchins, 1995a). In other words, the whole is more than the 
sum of the individual parts. Given that the primary focus of DCog is to characterise the 
general flow, propagation and transformation of information within a distributed system, 
DCog provides a holistic view of human cognition and can be considered a reaction to the 
traditional view of cognition as being internal to the individual’s mind (Figure 1).

The DCog framework differs from other cognitive approaches mostly by its commitment 
to two theoretical principles (Hollan, Hutchins, & Kirsh, 2000). The first principle concerns 
the boundaries of the unit of analysis for cognition, which is defined by the functional 
relationship between the different entities of the cognitive system. The second principle 

Figure 1. to the left, the traditional cognitive science perspective is depicted, suggesting that the unit of 
analysis is restricted to the individual’s mind. from a dcog perspective (to the right), the unit of analysis 
is distributed across people and artefacts within the cognitive system, and cognitive processes are the 
result of the relationship between these entities of the system.
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168   R. ANDREASSON ET AL.

concerns the range of processes that is considered to be cognitive in nature. From a DCog 
perspective, cognitive processes are seen as interaction between internal processes, as well 
as manipulation of external objects and the propagation of representations across the sys-
tem’s entities. Hollan et al. (2000, p. 176) described that when these principles are applied 
to the observation of human activity in situ, three kinds of distributed cognitive processes 
become observable:

•  Cognitive processes may be distributed across the members of a social group
•  Cognitive processes may involve coordination between internal (e.g. decision-making, 

memory, attention) and external structures (e.g. material artefacts, computer systems 
and social environment)

•  Processes may be distributed through time in such a way that the products of earlier 
events can transform the nature of later events

A fundamental aspect in DCog is its focus on cognitive artefacts and the way information 
is propagated and transformed in the socio-technical system. It is therefore common in 
DCog research to provide detailed analyses of particular tools and artefacts, as coordination 
mechanisms between external and internal structures. In other words, to study material 
structures like tools, reveal properties about cognitive structures that, with a DCog analysis, 
become visible ‘beyond the skull’. Another important aspect of cognitive artefacts and tools 
is that they may serve as mediators in social interaction. Thus, it is important to recognise 
how information is transformed when mediated through tools (e.g. Clark, 1997; Hutchins, 
1995a, 1995b). The use of strategies such as taking advantage of external structures or tools 
to coordinate cognitive activity might be considered another and complementary way of 
explaining intelligent action. These external structures function as a kind of supportive 
framework or scaffolding, i.e. external resources to support and simplify cognitive activity 
for an individual agent (Clark, 1997; Wood, Bruner, & Ross, 1976). In a broad sense, the 
human brain and body plus these external factors result in the ‘mind’, the boundary of 
which extends further into the world than cognitive science initially assumed. Accordingly, 
cognition is distributed across the agent, the actual situation and its resources.

For the theoretical framework of DCog, Hutchins (1995a) and Hollan et al. (2000) sug-
gested an extension of ethnography that they call cognitive ethnography, which focuses 
on describing how knowledge is constructed and used, i.e. how cognitive activities are 
accomplished. Cognitive ethnography is not a specific technique or method for analysis but 
rather a collection of techniques such as photos, interviews, and observations applied ‘in 
the wild’ to determine what things mean to the participants in an activity and to document 
how those meanings are created (Hollan et al., 2000). As a method of inquiry, cognitive 
ethnography has key roles to play in HF&E with its aim to reveal how cognitive processes 
unfold in complex real-world settings.

The primary focus of a DCog analysis is on the general information flow, i.e. how infor-
mation is propagated and transformed in the distributed cognitive system. Through a 
properly conducted DCog analysis, it is possible to identify potential problems related to 
information flow breaks down, or when alternative ways of handling the information flow 
emerge.
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2.2. Tool use and handedness

A fundamental aspect in DCog is its focus on cognitive artefacts, and Norman (1991) 
defined cognitive artefacts to encompass ‘any artificial device designed to maintain, display, 
or operate upon information in order to serve a representational function’ (p. 17). Hutchins 
(1995a), for example, illustrated how multiple embodied biological brains combined with 
tools2 (sextants, alidades, etc.), and artefacts (maps, charts, etc.) interact and collaborate 
during human performance. These external resources allow the human users ‘to do the 
tasks that need to be done while doing the kinds of things people are good at: recognizing 
patterns, modelling simple dynamics of the world, and manipulating objects in the envi-
ronment’ (ibid., p. 155). Furthermore, Clark (1999) claimed that

the external environment, actively structured by us, becomes a source of cognition – enhancing 
‘wideware’ – external items (devices, media, notations) that scaffold and complement (but 
usually do not replicate) biological modes of computation and processing, creating extended 
cognitive systems whose computational profiles are quite different from those of the isolated 
brain. (Clark, 1999, p. 349)

Various kinds of cognitive artefacts should be considered as a resource in the design of a 
good working environment, it should complement human abilities, aid those activities for 
which we are poorly suited cognitively, and enhance and help develop those cognitive skills 
which we are biologically predisposed to process easily.

Hutchins (1995a) investigated and analysed ship navigation from a DCog perspective, 
and his fundamental idea to bridge the gap between the inside and the outside world is still 
valid. Also Gedenryd (1998) viewed the external world as part of cognition, stressing that 
commonly used sketches, drawings, and other external media function as scaffolds and 
that they can be explained as serving to make the world a part of cognition, emphasising 
the human need to be engaged with the world. Furthermore, Baber, Parekh, and Cengiz 
(2014) embraced this distributed view on cognition, and referred to the use of ‘workspaces’ 
when portraying how skilled jewellers lay out their workspace. It should be noted that this 
particular arrangement is not simply a matter of having certain kinds of tools kept near each 
other, but the cognitive workspace emerges through the combination of related actions with 
the available tools. Baber et al. argued that the working environment can be pre-arranged to 
provide opportunities and anticipations for future actions. This means that the use of tools 
in the workspace, including deliberately selecting certain tools and materials in preparation 
of a specific task, picking up and putting down various tools during the performance of the 
task, and moving tools that are no longer needed further away from the central point of 
reaching, becomes a form of distributed cognition (Baber et al., 2014). In other words, they 
advocated that rearranging the workspace is not a means to assist thinking, it is thinking. 
The relationship between the available tools and materials used by a jeweller, or a manual 
assembly worker as in this case, forms a distributed system that not only supports different 
kinds of actions but also shapes cognition. In a similar vein, Kirsh (2013) introduced the 
term ‘enactive landscape’, which he denoted as the structure that a tool user co-creates with 
the world when he or she acts in a goal-oriented manner. He argued that when a person 
uses a tool, their enactive landscape is reshaped. Although different tools provide the cog-
nitive artefacts for workers to use, the more skilful the workers are, the larger the enactive 
landscape they inhabit will be. This is due to the combination of skills, tools, and cognitive 
artefacts, which together constitute a bigger world of possibilities.
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170   R. ANDREASSON ET AL.

As pointed out by Rogers (2012), these successful scaffolds are no longer considered 
merely cognitive amplifiers or aids, since they have become an integral part of humans’ 
activities through the multiple ways we interact with the environment. This means that the 
tools and cognitive artefacts that assembly workers use (e.g. torque drivers, wrenches, work 
instructions etc.) can be combined with several kinds of materials and articles and provide 
some of the possibilities and constraints for the enactive landscape in the distributed cog-
nitive system. For a skilled assembly worker, the tool seems to become a part of the body, 
where the experience of manipulating the tool ceases to exist from the attention span and 
instead the focus is on the object being worked on (Baber et al., 2014). A torque driver can 
be considered a physical extension of the assembly worker, adapting the action-perceptual 
couplings to the ‘extended hand’, and consequently changes the enactive landscape around 
the tool user.

A major resource here is the human’s manual hand, i.e. handedness (Drain, 2014). It 
should be noted that the hand is both an action and perceptual organ, playing a crucial 
role in understanding the external world. The hand possesses several senses united in one, 
ranging from tactile (e.g. touch, pressure, heat, cold) and proprioceptive (the position of 
the hand and fingers) to kinaesthetic (muscle tension) information, contributing to a plastic 
capacity to infer and manipulate information in the environment (Prinz, 2013). Therefore, 
the hand is ‘the organ of the mind’ (Drain, 2014). Results from neurocognitive experiments 
demonstrate that the hand occupies a unique role in ‘determining a participant’s ability to 
detect, discriminate, or pay attention to visual or somatosensory stimuli’ (Holmes, 2013, 
p. 60). Drain (2014) pointed out that handedness has been a neglected and less researched 
area because its mediating role, which spans the separation of ‘internal’ and ‘external’ in 
theories of mind and cognition. However, recent work shows that handedness not only is 
used for exploring the world but also creating it. Therefore, handedness is an integral part of 
human’s engagement and experience with the environment through its dexterity (Holmes, 
2013). Baber et al. (2014) argued that an integral part of tool use is the ability to both 
anticipate the outcome of the tool’s action and manage the functionality of the tool. These 
dynamical action-perceptual couplings are of more importance than previously considered, 
appreciating how a skilled and experienced tool user shapes activity. These actions involve 
transformation of kinetic energy into tool motion, requiring a sense of how much force 
is needed to enact the desired motion in the tool to accomplish the desired action on the 
object (Baber et al., 2014). The focus of these actions is both task and context dependent, 
and continually changing. In their paper, Baber et al. conducted empirical studies that con-
trasted and compared experienced and inexperienced silversmiths, and the results revealed 
that experts use less variability in physical performance and have a better control of energy 
use during a given task with a given tool. Prior studies have revealed similar results and, 
for example, experts in making stone or glass beads (so-called knappers) show significantly 
less inter- and intra-individual variations in their actions than less experienced workers 
(Roux et al., 1995, in Baber et al., 2014). The expert knappers also used a larger repertoire of 
joint angle combinations than less skilled knappers (Biryukova & Bril, 2008, in Baber et al., 
2014), and they showed a lower variability in kinetic energy compared to intermediates and 
novices (Bril et al., 2010, in Baber et al., 2014). In other words, experts’ tool using actions 
are conducted in a smoother, more consistent, and more rhythmic manner, resulting in the 
‘feel’ for the tools that experts develop through extended practice of their handedness that 
is enacted in a distributed cognitive system.
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Enaction includes the design of the tools used (as human-made artefacts) that not only 
reflects the process of performing manual assembly work but also some assumptions about 
how these tools should be used (Baber et al., 2014). Furthermore, it also involves the process 
of learning to master the action-perceptual couplings for how the tools should be grasped 
and manipulated by the hand. Thus separating tools from other material scaffolds in our 
environment, since their practical use is not only defined by their ‘look’ and the user’s goal, 
but also by the cultural dimension that either enables or constraints the outcome of using 
them (Baber et al., 2014). Hence, the use of various tools and artefacts that the assembly 
workers make use of in their work practice define the broader cognitive socio-technical 
system, which goes beyond the individual assembly worker.

2.3. Pros and Cons of DCog

Substantial work has been done to apply the DCog perspective in different settings 
and domains. This includes, among others, ship navigation (Hutchins, 1995a), aviation 
(Hutchins, 1995b), HCI (e.g. Hollan et al., 2000; Perry, 2003; Rogers & Ellis, 1994), heart 
surgery teams (Hazlehurst, McMullen, & Gorman, 2007), medical informatics (Hazlehurst, 
Gorman, & McMullen, 2008), information visualisation (Liu, Nersessian, & Stasko, 2008), 
nuclear power plant (Mumaw, Roth, Vicente, & Burns, 2000), and technostress in the office 
(Sellberg & Susi, 2014). However, DCog and its application power as an analytic tool has 
received some criticism. Two forms of critique that have been posed regard the DCog view 
of the nature of cognitive phenomena and its utility as an analytic tool (Rogers, 2012). Nardi 
(1996), for example, criticised the need for extensive fieldwork to reach a proper analysis 
and subsequent results in a certain setting, and the lack of interlinked concepts that can be 
used to identify specific aspects from the collected data. In a similar notion, Rogers (2012) 
as well as Berndt, Furniss, and Blandford (2014) pointed out that a DCog analyst has to be 
skilled to be able to move between the different levels of analysis necessary to accomplish 
a proper DCog analysis. Considering these challenges, DCog should not be considered a 
‘quick and dirty’ approach and, consequently, DCog has been used as a base for developing 
several methods, e.g. the Resources model (Wright, Fields, & Harrison, 2000), DIB method 
(Galliers, Wilson, & Fone, 2007), CASADEMA (Nilsson, Laere, Susi, & Ziemke, 2012) and 
DiCoT (Blandford & Furniss, 2005). Although these methods have their foundation in 
DCog, the methods sometimes oversimplify and omit aspects that are of importance for a 
detailed DCog analysis (Sellberg & Lindblom, 2014). One of these issues regards the lack 
of proper notation for changes between representational formats. These changes are highly 
relevant in DCog since they often occur between humans and cognitive artefacts. Some 
initial attempts to overcome this gap have been developed in a manufacturing domain and 
presented by Lindblom and Gündert (2017).

3. Research design

This section presents a workplace study performed at a manufacturing site for assembling 
forwarders via dock assembly. The study was performed with DCog as its theoretical frame-
work and the data was collected at three separate occasions through cognitive ethnography.
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3.1. Research setting

The setting for our study was a manufacturing site that assembled so-called forwarders. A 
forwarder is a forest machine that is used to load timber onto a wagon and transport the 
timber out of the forest. The forwarders consist of a cab in which the operator is located, 
a wagon onto which the timber is loaded, and a crane that is used to lift and place the 
timber onto the wagon. The forwarder is equipped with large wheels and has a capacity to 
transport up to 18 tonnes of timber and, thus, provides an efficient way to transport large 
portions of timber (Figure 2). The production at the manufacturing site was done as a type 
of individual workstation production, i.e. so called dock assembly.

We were provided access to the manufacturing site at three separate occasions and the 
workplace study was conducted at one of the work stations for assembly of forwarders. The 
assembly workers were divided into pairs that were always working together, assembling 
one forwarder at a time. The assembly process started with a welded chassis onto which the 
workers assembled approximately 3000 articles, working about 200 h combined, in order 
to finish the forwarder. The forwarders are highly complex to assemble due to a massive 
amount of components varying from very small and fiddly to handle, to components that 
are heavy and difficult to handle due to their size and weight. Furthermore, the forwarders 
are always customised to some extent, which results in constantly varying forwarders due 
to special requirements and options selected by the customers, further adding to the com-
plexity of assembling the machines.

The main participants in this study were two assembly workers, referred to as participant 
1 and 2, cooperating at one of five assembly docks that were active at the manufacturing 
site. Both participants had extensive experience of working in manufacturing, particularly 
with the assembly of forwarders and they had for the last four years almost exclusively 
assembled two different models of forwarders. Accordingly, at the manufacturing site, these 
assembly workers were considered main responsible for all assembly of those particular 
models of forwarders.

Figure 2. the final product: the forwarder being test-driven for the first time.
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3.2. Research approach

In line with the RITW approaches, a workplace study was the chosen methodological 
approach with DCog as its theoretical framework. Workplace studies aim at studying, 
discovering, and describing how people accomplish various tasks in the wild (Luff, 
Hindmarsh, & Heath, 2000). Furthermore, workplace studies have been described as a 
prominent method for addressing the interactional organisation of a workplace and the 
way different tools and technologies are used to support work tasks and collaborations 
(Heath, Knoblauch, & Luff, 2000). Through observations and analysis of daily work activ-
ities and practices, a workplace study is concerned with issues beyond the individual tasks 
and focuses on entire ‘workscapes’ (Szymanski & Whalen, 2011), thus offering a holistic 
understanding of work experiences. This type of study entails studying patterns, construc-
tions, and configurations of work practices. But also the social, cultural, and historical 
environments where the work is performed should be studied, as well as the artefacts that 
inhabit these sites and are involved in the accomplishment of work. There are a number 
of theoretical approaches to study practical actions in the workplace, e.g. activity theory 
(Engestrom, 2000; Luff et al., 2000), situated actions (Suchman, 1987), but the theoretical 
framework of DCog (Hutchins, 1995a, 1995b, 2010) has been put forward as one of the 
most pertinent. In fact, Heath et al. (2000, p. 307) described that ‘… distributed cogni-
tion [DCog] has provided the vehicle for a body of ethnographic work and an array of 
findings concerning the ways in which tools and technologies feature in individual and 
co-operative activity in organizational setting’. They argued that Hutchins (1995a), with 
his study of ship navigation, has provided some of the most illuminating and influential 
research regarding workplace studies.

The chosen research approach was purely qualitative and based on cognitive ethno-
graphical fieldwork as a mean for data collection (Luff et al., 2000). To use this extension 
of ethnography meant to use several techniques for data collection and to analyse the data 
with focus on describing how knowledge is constructed and used at the workplace, i.e. how 
the manufacturing workers accomplished their cognitive activities included in their regular 
work activities. Data was collected at the manufacturing site at three separate occasions by 
the first two authors. These two authors situated themselves at the working station of the 
dock assembly to observe the work in practice and to interview the workers. Participant 
observations, field notes, video recordings, and photographs were the prime sources of data 
collection. Informal conversations with the participants during and after observations served 
as a valuable data source enhancing the understanding of the complex domain and reveal-
ing issues not identified by the observations alone. In addition, semi-structured interviews 
were conducted with the production manager as a complement to the collected data and 
the aspects being observed. In total, there were four hours of video-recorded material and 
approximately 30 h of observations. Often, video recordings are used extensively in DCog 
studies (and other RITW studies) to pay close attention to the activities and interactions 
taking place within the material and social environment (Rogers & Marshall, 2017). In this 
study, it was difficult to record all activities taking place in the assembly process due to the 
assembly workers constantly moving around alongside the forwarder they were working on. 
For this reason, the participant observations were used as a complementary method for data 
collection and the researchers spent much time in the natural environment of the assembly 
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of forwarders to achieve an understanding of the activities taking place. Unfortunately, audio 
recording was not possible at all due to high noise levels in the factory.

During all data collection, the objectives were to characterise how cognition is distrib-
uted in established work practices and to reveal how different kinds of scaffolds and tools 
were used as cognitive strategies developed by the workers in response to handling the 
complexity of the assembly task.

The data collected from the observations and the informal interviews consisted of quo-
tations and descriptions of what had been observed and said. This data was continuously 
analysed during the data collection phase and each fieldwork session was followed by tran-
scription of the field notes to make sure that they were understandable. In this way, the pre-
liminary results of the already collected data provided a direction for the following sessions 
of fieldwork. In cases where the field notes raised ambiguity or uncertainty, the issue was 
further investigated during the next session at the manufacturing site.

At the end of the data collection phase, all data was analysed once again. This final 
analysis was done as a sense-making effort to identify consistencies and meanings in the 
data. This is usually referred to as a thematic analysis and it includes a strategic process of 
actively working with the data, simplifying and searching for themes and categories (Braun 
& Clarke, 2006). The focus in the analysis of the collected data was on the illustration 
of established work practices and on revealing cognitive aspects related to strategies for 
tool use and scaffolds developed by the workers. These work practices and strategies are a 
natural response to the handling of the complex assembly tasks and are therefore central 
features in the assembly workers’ creation of their enacted landscape. During the analysis, 
DCog’s theoretical constructs which emphasise the information flow and the coordina-
tion of internal and external representations in the socio-technical system were used as 
a theoretical perspective (cf. Decortis, Noirfalise, & Saudelli, 2000). This was the ‘filter’ 
through which the cognitive work processes in the complex socio-technical domain of the 
assembly of forwarders was interpreted. Therefore, it should be noted that our empirical 
work was primarily guided by, and possibly constrained by, the DCog perspective that was 
used in analysing and interpreting what was studied and therefore determined what was 
considered relevant. The analysis was thus theoretically driven by the DCog perspective and 
the identified themes that were most related to the aim of the study are described below.

4. Findings

This section presents some episodes that were derived from the data analysis as exam-
ples of how cognition is distributed within the sociotechnical system of dock assembly. In 
accordance with a thematic analysis (Braun & Clarke, 2006), the selected episodes do not 
represent a chronological order of what was observed at the manufacturing site, but were 
instead selected as they characterise how the assembly workers cooperate and collaborate 
to accomplish the assembly process in practice.

Since DCog provides few theoretical constructs, it makes its findings largely descriptive 
but allows the researchers to reveal how cognitive strategies and tool use unfolds in real-
world settings (Halverson, 2002; Rogers, 2012; Williams, 2006). This is the very phenomena 
we are most interested in explaining and what the following episodes attempt to characterise.
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4.1. Creating enactive landscapes in dock assembly: navigating from start to 
finish without running aground

The assembly workers constantly needed to navigate through the complex work process of 
assembling the forwarders, from the welded chassis to the final product, and they performed 
this journey with the use of different internal and external resources. The workers’ internal 
knowledge was of high importance, but material artefacts and articles used in the assembly 
practice were also highly relevant, serving as external resources. When visiting the setting, 
there was an identified lack of a commonly shared and external portrayal of the detailed 
process of how and in what sequence the various kinds of articles of the forwarders should 
be properly assembled from the company’s perspective. The actual knowledge and skills 
required to accurately assembly the forwarders from start to finish emerged through the 
experienced assembly workers’ sense making practices in their enacted landscapes. This 
implied a potential knowledge gap that may result in production losses and diverging quality 
of the final products, and therefore the production managers had recently re-designed and 
provided new construction drawings that the workers should use, as part of a major change 
process that the company was going through. However, since the process of creating these 
construction drawings was disconnected from the actual workings on the shop floor, the 
prescribed work process did not match the actual work process adopted by the assembly 
workers. In essence, the prescribed construction drawings were not sufficient either in terms 
of having utilised the experience and competence of the workers so as to create an efficient 
work practice, but also in terms of simply being inaccurate.

In order to accomplish the shared task to finalise a forwarder, the use of several internal 
and external resources functioned as scaffolds. The assembly workers had developed their 
own sense making practices of assembling the forwarders and during the study, participant 2 
explained that ‘the construction drawings are in my head’. When asked to elaborate further, 
he continued, ‘I “feel” when something is right or wrong. I assemble the machine based on 
my prior knowledge’. Given that actions of manual assembly are acts of knowing, the workers 
continuously and tacitly evaluated whether a particular assembly action served its purpose 
or not. Just a few minutes after this statement, participant 1 laughed and said, ‘Okay, right 
now, the construction drawings in my head do not agree with the machine [forwarder]’. He 
turned to the instructions (see Figure 3) in pursuit of an answer regarding how to assemble 
the article. Contrary to what is often assumed, the main source of information here was not 
the provided paper instructions but rather the prior knowledge acquired by the workers 
over years of practice. While the worker most likely did not have a complete internal rep-
resentation of every detail of the instructions or construction drawings, we argue that the 
forwarder in itself functioned as an external scaffold and was its own best representation, 
also functioning as a coordination mechanism between internal and additional external 
resources. Thus, from the emergence of external and the internal resources, a complete 
work instruction emerged.

This argument demonstrated the interactive nature of human cognition, portraying how 
assembling the forwarder is accomplished by combing the manual actions at hand while 
using the instruction drawings as a mean to still be engaged with the world. This means that 
using external resources during assembly is the very cognitive strategy through which the 
worker acts to solve the problem at hand. The act of distributing the cognitive processes 
involved the coordination between internal structures (prior experiences and acquired 
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knowledge) and external structures (instruction drawings) and it served several purposes. 
It included understanding the identified assembly task and what it required of the worker 
to examine the particular circumstances, what must be done and in which sequence. This 
involved exploring and testing different approaches to reach a suitable solution for the task. 
Hence, the emphasis was rather on the process of assembly in itself than on the outcome, the 
final product. This way of acting provided several advantages over mentally pre-planning 
what to do next. For example, it was revealed that it was better to deal directly with the 
real world than using mental representations as stand-ins for the world as it offers direct 
feedback in the form of answers ‘on the fly’.

A related issue, hinted at during this study and clearly recognisable from past studies 
(Andreasson et al., 2017; Lindblom & Thorvald, 2017), is that not taking into account 
the workers’ best practice when creating work instructions, leads to low confidence and 
sometimes even complete disregard in them, thus creating quality hazards when workers 
create workarounds which are not always appropriate. Consequently, showing the workers 
that their experience is relevant and allowing them to influence work instruction design, 
creates larger credibility of the instructions and a more convergent assembly process. Thus, 
it is important to understand how:

•  Workers coordinate different internal and external sources to form a complete picture 
of the task and how the real world works as its own best representation.

•  A lack of understanding of the actual work processes and strategies taken by the 
workers can lead to insufficient work instructions.

Figure 3. Participant 1 studies the assembly instructions as central cognitive artefacts used in the assembly 
work process.
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Several examples of cognitive artefacts were used as external resources in the assembly 
of the forwarders: blueprints, self-made photographs, and what were referred to as ‘the old 
assembly instructions’. These cognitive artefacts displayed different graphical representations 
of the same machine, which emphasised the relevance of using several, complementing 
cognitive artefacts as support in the assembly task. The old assembly instructions were the 
predecessor of the blueprints and both of these external resources presented construction 
plans of the machine and its parts. The self-made photographs were taken by participant 
1 and 2, depicted assembled parts of the machine and were often complemented with rep-
resentations in textual format (Figure 4). The photographs represented states of the assembly 
process that the workers earlier had found to be difficult.

Especially the self-made photographs were useful cognitive artefacts and frequently 
used as external memory aids regarding the assembling procedure of specific parts of the 
forwarder. Internal representations are difficult to externalise and verbalise, however, the 
use of photographs was an attempt to externalise fragments of the participant’s internal 
knowledge and cognitive strategies regarding details of the assembly practices. In doing this, 
the workers enabled the external representations to be available to other assembly workers 
and distributed socially over time and place. This clearly demonstrated that information 
is flowing back and forth between the assembly workers internal representations and the 
external textual and graphical representations in the socio-technical system. An important 
insight here is the coordination of cognitive processes between the external structures (the 
different representation formats) and the internal structures (the memory process), in which 
the knowledge of how to mount the forwarder emerged.

In addition, participant 2 expressed that he and his colleagues were assembling each 
machine based on ‘feeling’ or in more scientific terms, situated, and embodied knowledge 
(Dreyfus, 1992). In fact, when asked about different assembly operations, the participants 
often attempted to clarify their actions with explanations such as ‘I just know it, I feel it’. This 

Figure 4. the image on the left displays one of the self-made assembly photographs, which also has 
been complemented with symbolic instructions in the shape of article numbers and the quantity of 
each article needed. the image on the right shows how participant 2 has placed the photographs nearby 
while he is working.
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phenomenon was also explained by Polanyi (1966, p. 4) with the words: ‘we can know more 
than we can tell’. Polanyi (1966) referred to this as tacit knowledge. One frequent example 
that was central in this study relates to the internal representations regarding how tight a 
bolt should be. This is an example of internal, situated and embodied knowledge that is 
difficult to externalise in any other way than through the practice of the assembly workers, 
which is what Gallagher (2005) referred to as embodied practice. The internal knowledge 
emphasised that the act of assembling is a craftsmanship and the assembly workers ‘know 
how’ is often internally represented and difficult to verbalise (craftsmanship has previously 
been discussed, e.g. by Keller & Keller, 1996). To know when a bolt is properly tightened 
requires utilisation of tactile-kinaesthetic couplings in the form of internally embodied 
representations. Accordingly, the internal representations are externalised through the 
practice of the assembly worker (for more details about embodied aspects of cognition, 
cf. e.g. Gallagher, 2005; Lindblom, 2015a, 2015b). This emphasises the great importance 
of tactile-kinaesthetic and sensory-motor coordination in time-locked activities such as 
tightening the bolt, i.e. a bodily experience of the harmonisation of movement and sensation 
that is hard to verbalise. Consider the following two bullets:

•  The knowledge required to perform tasks of some complexity, can only partly be 
captured by work instructions.

•  Embodied knowledge is central to successful task completion but very difficult to 
externalise and verbalise. Thus, very difficult to include in work instructions but still 
a type of knowledge that needs to be accounted for in the work process.

If, through the reported observations and arguments, we can agree on the above bullets 
as premises, then it is easily argued that to develop the craftsmanship of assembly, following 
work instructions is necessary but by no means sufficient for effective work. Thus, there is 
a need to acknowledge the role and relevance of first-hand experience of the various skills 
of manual assembly.

To summarise, the process of creating and developing own cognitive artefacts to rear-
ranging the workspace does not assist thinking, it is thinking. The relationship between 
the available tools and several different knowledge sources used by the assembly workers 
forms a distributed system that not only supports different kinds of actions but also shapes 
cognition. This also changed the view that the sense making process of assembly should be 
predetermined or engineered. Instead, the ‘planning’ should be considered as an ongoing 
outcome from an emergent process that crystallises via the developed interactions between 
assembly workers’ internal resources and available external resources, e.g. tools, and artefacts 
being used in this particular ‘enactive landscape’ (Kirsh, 2013). Kirsh argued that when a 
person used a tool, their enactive landscape was reshaped; and the more skilful the person 
is, as portrayed by the assembly workers in this setting, the larger enactive landscape they 
will inhabit, because prior knowledge and skills combined with external resources con-
stitute a bigger world of possibilities. From our perspective, this kind of flexible, complex 
and coordinated process of dock assembly, can be considered intricate examples of enac-
tive landscapes, providing a demanding navigation throughout the many possibilities of 
mounting huge amounts of articles into a finalised forwarder.
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4.2. Gloves as mediating tools in the enactive landscape

The assembly workers used different kinds of external resources as scaffolds to maintain the 
complex task of assembling the forwarders. One example of this could be seen twice every 
day when a bell rang and announced that it was either time for lunch break or the end of 
the workday. Every time the bell rang, participant 1 took off his gloves and placed them on 
top of the tool and materials he was using at the time of the bell sound (see Figure 5). After 
lunch break, as well as every morning, when participant 1 returned to his workstation, he 
usually stood still for a couple of seconds just looking at the gloves and their placement in 
relation to the forwarder being built and other material artefacts placed in the near sur-
roundings. After this, he reached for the gloves, put them on and continued the work task 
where he had left it. When asked about this procedure he explained, ‘It is just like using a 
bookmark in a book, the gloves show me where I should continue working’.

While the gloves appeared to be the ‘bookmark’ of choice for the worker, in cases where 
collaboration with his colleague required him to leave his workplace while still wearing his 
gloves, other ‘bookmarks’ were used in terms of placement of tools etc. However, these were 
less prominent. The gloves served as an external resource and when coordinated with inter-
nal resources (the workers’ knowledge about the assembly process), they enabled the worker 
to map the placement of the gloves to a specific step in the work process. Interestingly, when 
the gloves were on the participant’s hands, they held no special meaning but as soon as he 
explicitly placed them in the physical work setting, he turned the gloves into information 
bearers, functioning as a mediating and coordinating mechanism to support the navigation 
through the work process, serving to make the external world a part of cognition. This is 
another example of creating an enacted landscape, where the placement of the gloves for a 

Figure 5. When interrupted in the work process, participant 1 used his gloves as an external memory aid 
and a mediating tool to remind himself of where to continue after the break.
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non-professional onlooker may seem arbitrary but it demonstrates assembly as a cognitive 
process that provides the worker with reason and motives for the ways in which he acts.

Participant 1’s gloves functioned as an external memory aid to represent the status of 
his individual work process, supporting processes distributed across time, presenting the 
progress and results of earlier performed assembly tasks, which in turn could change the 
nature of later tasks. Accordingly, this is also an example of what Baber et al. (2014) referred 
to as the use of ‘cognitive workspaces’, portraying how skilled practitioners create and lay 
out their workspace. As previously mentioned, arrangements like this is not simply a matter 
of having certain tools in a particular arrangement, but an example of how the cognitive 
workspace emerges through the combination of certain actions conducted with the available 
tools. Baber et al. (2014) argued that the material environment could be pre-arranged to 
provide opportunities and anticipations for future actions. This means that the use of tools 
in the workspace becomes a form of DCog; including actions such as deliberately selecting 
certain tools and materials in preparation of a specific task, picking up and putting down 
various tools during the performance of the task, and moving tools that are no longer needed 
further away from the central point of reaching (Baber et al., 2014). Similar findings were 
reported in Lindblom and Thorvald (2017), where workers in traditional assembly placed 
articles for assembly in sequence to help keep track of production status. The relationship 
between the available tools and materials used by an assembly worker forms a distributed 
system that not only supports different kinds of actions but also shapes cognition. Thus, it 
is important to recognise that:

•  To ease their own work situation, workers rearrange their environment so that objects 
can serve as cognitive scaffolds and be included in the distributed cognitive system.

•  The work environment can be pre-arranged to provide opportunities for cognitive 
offloading onto the environment.

In a similar vein, Kirsh (2013) argued that when a skilled individual uses a tool, the 
enactive landscape is reshaped. An additional example to further characterise this process 
is the design and use of self-made tools. It was revealed that the assembly workers had 
created and frequently used self-made tools, specialised for supporting certain steps in the 
assembly process where they had experienced that the prescribed tools did not provide 
enough support for the task. For example, sometimes during the assembly process, the 
workers were required to reach into narrow spaces of the forwarder, which hindered the 
worker’s ability to move their bodies and use their physical strength optimally. They were 
also forced to work with the tools in difficult angles, which put a lot of strain on the work-
er’s wrists and made it difficult to properly tighten the bolts. These issues had influenced 
the functionality of the self-made tools, which were welded in an angle to ease the workers 
access to the narrow spaces of the forwarder. Kirsh (2013) described that being skilled in 
a certain area informs the human on how to look at the world. He exemplified this with 
an example of a cook who is trained in using a blade and how to skilfully wield a spatula, 
and sees the ‘cooking world’ differently than someone who is new to cooking. Similarly, the 
assembly workers were skilful when it came to assembling the forwarders and their com-
petence enabled them to look at the separate articles that together formed a forwarder in a 
different way than most people. Their assembly skills informed them on how to look at for 
example a bundle of hoses and fuel lines or a pile of different bolts and nuts, attending to 
different features of the items and seeing possibilities that were invisible to the more naïve 
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workers. The tools and artefacts used in the process of assembling the forwarder can be 
viewed as material scaffolds, which no longer were considered as cognitive amplifiers or 
aids, because they had become an integral part of humans’ activities through the multiple 
ways we interact with the environment (Rogers, 2012). For the skilled assembly workers, 
the tool seemed to become part of the body, where the experience of manipulating the tool 
ceases to exist from the attention span and instead the focus is on the object being worked 
on, e.g. tightening a bolt. The tool can be considered a physical extension of the worker, 
adapting the action-perceptual couplings to the ‘extended hand’.

It should be noted that a major resource here is the worker’s manual hand, i.e. handed-
ness, where the hand contributed to a plastic capacity to infer and manipulate tools and 
objects in the environment, thus, playing a crucial role in understanding the external world 
(Drain, 2014). This demonstrated the mediating role of handedness, spanning ‘internal’ 
and ‘external’ resources of distributed cognitive processes, where handedness was not only 
used for exploring the world but also enacting it. When tightening a bolt, an integral part 
is the ability to both anticipate the outcome of the tool’s action and manage the function-
ality of the tool. These dynamical action-perceptual couplings revealed how a skilled and 
experienced assembly worker shaped the tool use activity, which involved transformation 
of kinetic energy into tool motion, requiring a sense of how much force needed to enact the 
desired motion in the tool to accomplish the desired action on the bolt. The focus of these 
actions is both task- and context-dependent, and continually changing, thus resulting in 
the ‘feel’ for the tools that skilled assembly workers develop through extended sense making 
practice of their handedness.

Accordingly, the self-made tools demonstrated the acquired skills of the assembly workers 
and the fact that they saw possibilities on how to improve and ease the assembly process that 
others were unable to recognise. Thus, the easiest solution was to create the tools themselves 
and actively redesign and reshape their enactive landscape, characterising the cognitive 
distribution between the workers and their materials and tools used while mounting the 
forwarder.

The use of self-made tools indicate that cognition does not only include what we tradi-
tionally might consider as mental tasks such as planning and making decisions, but that it 
also covers the physical and the embodied aspects through the cognizer’s action-perception 
couplings. The real time, dynamical coordination of the ‘internal’ and the ‘embodied’ thereby 
becomes impossible to exclude from the idea of how the mind works.

4.3. Cooperative and collaborative assembly work

Besides the use of different kinds of external resources as scaffolds, the assembly workers 
were also part of a social organisation that permitted them to combine their efforts during 
their work process. The cognitive processes were distributed across time, space and the 
members of the group during the coordination of their individual, but also cooperative and 
collaborative work activities. In order to achieve this joint result, different coordination 
mechanisms at the dock assembly were needed that had the capacity to handle the propaga-
tion of representational states through the system. The assembly of the forwarders was thus 
the result of cooperative efforts of two assembly workers working in a social organisation 
that enabled them to combine their efforts in such a way that the result was the outcome 
of the team rather than from individual activities. Even though the assembly workers most 
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of the time were engaged in separate assembly tasks, however on the same forwarder, they 
were constantly working towards the same goal and the assembly work was thus inherently 
cooperative and sometimes also collaborative. Despite actively working on separate assembly 
tasks, i.e. cooperative work, the participants showed great awareness about each other and 
they were constantly aware of the other person’s activities and how the work proceeded.

As long as the assembly progressed the way it was expected to, the participants rarely 
communicated verbally. The workers' internal knowledge about the assembly process made 
it possible for them to adjust their individual work progress to the progress of the colleague 
without explicitly communicating about this coordination of activities. In fact, it seemed 
that oral silence was a form of communication in its own way, providing information that 
the situation was under control. This is consistent with the argument provided by Hollan 
et al. (2000), suggesting that silence can provide important information. When asked about 
verbal communication, participant 2 smiled and said that they do not need to talk to each 
other, ‘I hear him over there’, he pointed to the other side of the machine, and continued ‘I 
know what that sound means, it means that he is working on the hydraulics’. This means 
that the sound functioned as a coordination mechanism for their sense making process 
where the way the assembly process proceeded functioned as a coordination mechanism 
between the two workers, represented ‘out in the open’ and, thus, without the need to be 
internally represented.

The participants were coordinated in their performance of the assembly activities and 
participant 2 explained that ‘we usually start at one end each. After a while, we meet in the 
middle. It is as simple as that’. Occasionally the workers asked each other for assistance, 

Figure 6. though work is mostly carried out individually, assembly work is inherently cooperative, and 
occasionally they also actively collaborate.
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leading up to the participants switching from cooperative work to being engaged in collab-
orative work (see Figure 6). One example demonstrating this was when participant 1 was 
assembling the electrical parts in the front of the chassis, while participant 2 was assembling 
the diesel tank, working at the other end of the machine. Suddenly, participant 1 uttered, 
‘I think I will need your help with this’. Once the silence had been broken, participant 2 
immediately interrupted his ongoing assembly task, placed the wrench he was using on 
a nearby tool wagon, and walked over to participant 1. During the minutes to come, the 
participants were engaged in a collaborative work process, as opposed to the cooperative 
work they normally performed. The interaction unfolded naturally and the communication 
about the specific assembly operation was once again wordless while the two participants 
were trying to mount two separate parts of the forwarder together.

Suddenly, the assembly workers scattered, and participant 2 resumed to his prior work 
task. Clearly, the specific part of the assembly task that needed assistance was completed. 
Their seamless integration of work activities demonstrated the coordination of work where 
the performance of different operations in the end of the work process leads to a joint result. 
The different tools and cognitive artefacts used in dock assembly of the forwarders provided 
means for the assembly workers to use, but it was when the workers’ skills were combined 
with these materials and tools that the enactive landscape grew larger and provided a bigger 
world of possibilities.

The complexity of assembling the forwarder and the large amount of operations that are 
accomplished by the assembly workers via their use of different tools and cognitive artefacts 
serves as an illustrative example of the cooperative and collaborative distributed nature of 
cognition where continually rearranging the workspace is thinking, and not only a way to 
assist thinking. In the collaborative work described here, it is argued that:

•  Cooperative work entails a coexistence of the workers while still maintaining inde-
pendence in the individual tasks performed. Through sharing a common goal, coop-
erative work allows adaptiveness and responsiveness to the overall work process and 
collaboration, which in turn allows for effective interplay between the two.

•  Collaborative assembly work is characterised as the whole being greater than the sum of 
individual efforts. This means that in the process of collaboration, the workers together 
can accomplish more than both could have achieved separately.

Considering the examples above, it is clear that the workers were effortlessly shifting 
between cooperation and collaboration without losing track of the overarching, shared goal, 
i.e. to finish the forwarder. By doing this, they were constantly learning from each other 
and, even when engaged in separate tasks (cooperation), they know how the colleague’s 
work process was proceeding by actively working in the context, learning the sounds of 
success as well as the sounds of mistakes or errors being made. Their attentiveness to the 
information presented in the surroundings supports the development of their own skill 
and competence. By observing each other work, the tacit knowledge is put into the open 
where the strategies used can be observed, practiced, and enacted by the colleagues. This 
is the cornerstone of apprenticeship where a novice learns a certain skill from observing 
an experienced master performing that skill (Keller & Keller, 1996). Allowing the workers 
to learn from each other enables the spreading of knowledge and is especially beneficial 
for training new employees. The workers in focus in this paper are both well experienced 
when it comes to assembly but they bring different perspectives and can therefore both 
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act as apprentice and master in different situations (e.g. informal learning), changing roles 
depending on the specific situation at hand and the desired skill it demands.

5. Discussion and conclusions

By studying the process of dock assembly of forest machines from a RITW approach, we 
have characterised aspects of coordination and tool use that are central for the accom-
plishment of the assembly process in practice. It is clearly shown that the workers enable a 
safe and efficient production outcome through coordination of activities that benefits the 
shared goal and that the craftsmanship and the assembly workers’ embodied experiences 
are of high relevance for successful assembly work. The systems perspective of DCog, and 
the naturalistic approach of RITW, provides a framework that allowed us to study how 
the assembly workers act in their everyday work life to accomplish a successful assem-
bly process of forwarders from a systems perspective. This does not only provide a high 
ecological validity but it also enabled us to theorise about cognition in the world and the 
complex relationship between the assembly workers, their tools and the environment of 
dock assembly in that particular system (Rogers & Marshall, 2017).

This study was limited to one organisational setting and one pair of assembly workers, 
studied during approximately 30 h during a total of three occasions. Due to the high noise 
level at the shop floor, it was not possible to collect audio recording and the main sources 
of data were therefore photographs, video recordings, and field notes from the observa-
tions. We are fully aware of the limitations in the data collection, and we do not wish to 
generalise from this sample to the population of manufacturing workers. However, it is 
relevant to acknowledge that the DCog perspective, with the unit of analysis being the 
whole socio-technical system, brings a valuable approach to naturalistic inquiries. Rogers 
and Marshall (2017) mention that research in situ often need this pragmatic approach to 
the collection and analysis of data. This way of working enables the researchers to explore 
and document even unanticipated phenomena that can only be revealed in RITW studies 
(Rogers & Marshall, 2017). In this study, qualitative and ethnographic methods were used 
to investigate and characterise how the assembly process is accomplished in practice in the 
often restricted environments of dock assembly.

It can be argued that employment of DCog in manufacturing settings can increase the 
understanding of the work practices as they are performed ‘in the wild’ within this complex 
socio-technical domain. DCog, with its theoretical focus on the system level, can help with 
the identification of information flow and various kinds of representation formats being 
used to support the work process. The various representational formats include graphical, 
numerical, and written representations, but also ‘embodied representations’ such as the 
embodied interactions and experiences of our senses. This emphasises the tacit knowledge 
that is part of the craftsmanship associated with being a skilled worker in manufacturing, 
which becomes visible when observing work practices ‘in the wild’. It will also help in iden-
tifying the workers’ ‘best practices’ and ‘lessons learned’ that are developed to ease their 
work process. This is turn can be used to inform design and redesign of new products such 
as various tools and cognitive artefacts.

We argue that the RITW approaches can provide HF&E practitioners and the research 
field as such with novel ideas about how tasks are done. In line with the RITW approaches, 
the importance of understanding the ways humans are structurally coupled, i.e. embodied, 
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to the social and material environment has been stressed in further writings in the fields of 
cognitive science and in human–computer interaction (HCI) (Rogers & Marshall, 2017). 
It has been pointed out by several researchers that the physical body has a fundamental 
role and relevance for our interactions with the social and material world (e.g. Clark, 1997; 
Gallagher, 2005; Kolbeinsson & Lindblom, 2015; Lakoff & Johnson, 1999; Lindblom, 2015a, 
2015b). Consequently, the way we embody and interact with the external resources in our 
environment affects and changes the ways we perceive, act and think, offering a ‘philos-
ophy in the flesh’ (Lakoff & Johnson, 1999). Hence, we do not just think with our brains 
but through our bodily interactions and there are times when we actually ‘think’ with and 
through our hands and with accompanying tools, as demonstrated in the handedness of 
the enactive landscapes portrayed in this paper.

Kirsh (2013), among others, points out that ‘the theory of embodied cognition offers us 
new ways to think about bodies, mind, and technology. Designing interactivity will never 
be the same’ (p. 3:1). Therefore, the inclusion of embodied cognition within the RITW 
approaches can provide both practitioners and theorists with new ideas about how the 
interaction is shaped in human behaviour as well as offer new implications for better design 
solutions and technology interventions (Rogers & Marshall, 2017). Embodied cognition 
has also been stressed in ergonomics (Bagnara & Pozzi, 2015; Marras & Hancock,2014) 
and we agree that the embodied cognition approach offers complementary perspectives to 
the area of physical ergonomics to also include cognitive aspects of embodied and sense 
making actions that may offer significant insights and contributions to the fields of HF&E. 
Generally speaking, in the past, physical ergonomics had to worry about fitting technology 
to the functionality of human bodies, but today’s technology must also fit humans from an 
embodied cognition perspective. Bagnara and Pozzi (2015) pointed out that ergonomics 
has been rather sparse to integrate the methods used to examine cognitive aspects with the 
methods used to investigate physical interaction. As a consequence, the relationship between 
the cognitive and physical aspects has often been oversimplified. However, Bagnara and 
Pozzi (2015, p. e129) stated that ‘It is our opinion that the embodied cognition approach 
might help in overcoming the dichotomy between physical and cognitive ergonomics’. They 
argued that when ergonomics is more adapted to the embodied cognition approach, this 
would have implications also for design and not only for analysis of complex systems. As 
demonstrated in the episodes in this paper, the act of creating and shaping enacted land-
scapes may provide some initial steps in this direction, since the RITW approaches does 
not offer the split into physical ergonomics and cognitive ergonomics.

To clarify the issue of the role and relevance of the theoretical contributions of DCog 
(and other RITW approaches) in manufacturing engineering and HF&E, this section offers 
some implications. Theories provide significant insights that may improve the analysis and 
design of a complex socio-technical system, which can be considered the most important 
criterion for any theory used in this context. This does not mean that the value of any 
theory is whether it provides ‘an objective representation of reality’. In practice, this means 
that a useful theory can shape an object of study, highlighting relevant issues, probing 
certain questions, providing a classification scheme that frames significant insights about 
the domain it is applied to. From this pragmatic RITW perspective, theories are more like 
different lenses that bring some objects into sharper contrast, while others fade out of our 
focus of attention.
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In order to analyse and design usable complex socio-technical systems we need a foun-
dation in theory that span both human and technology, rather than only using checklists 
or off the shelf methods. Many engineers and designers are not interested in theories; they 
rather want a method, technique, or process that can be followed step-by-step to a satis-
fying design solution or evaluation of a system. However, we are skeptical whether these 
approaches can be successfully and credibly applied unless the professionals using them 
are familiar with the underlying theoretical foundations (see Flach & Voorhorst, 2016).

Despite the large amount of research on human cognitive behaviour, there is still a 
knowledge gap about every day human experiences and how people use ‘common sense’ 
to successfully ‘muddle through life’. We argue that using RITW approaches in the study of 
human actions in practice may narrow this knowledge gap. This is especially of importance 
in manufacturing were the adoption of frameworks such as Industrie 4.0 have been created 
to support the conception of the smart factories of the future (e.g. Bundesministerium für 
Wirtschaft und Energie, 2016; Hermann, Pentek, & Otto, 2015). This development leads 
to the use and increase of sensors, adaptive technologies, and various information and 
communications technology (ICT) systems that support the use of continuously updated 
information on the shop floor for managers and assembly workers.

As pointed out by Flach and Voorhorst (2016), technology is not disconnected from 
what we do, but rather, it is a fundamental part of human life. Much of current work-
spaces force the workers to bend their bodies into an unnatural shape of interaction and we 
therefore address the need for theories that reduce this common friction between human 
and technology. In order to accomplish the workspaces of tomorrow in manufacturing, or 
other domains studied by ergonomics, there is a need for a greater understanding of the 
always-existing link between human and technology that is required to be spread throughout 
the HF&E community.

Many issues may be addressed in the future of assembly work and manufacturing. 
Adopting the RITW approaches in HF&E creates new opportunities for posing questions 
regarding what matters in manufacturing as well as when analysing and designing the 
smart factories of the future. It is widely acknowledged that the technological advances in 
assembly work result in an increase of the amount of available data and ICT at the shop floor, 
which adds to the cognitive complexity and cognitive demands of the assembly workers. 
However, we argue that if the RITW approaches are adopted in the HF&E toolbox, there 
is a vast potential to decrease the workers’ cognitive load while at the same time increase 
performance. We emphasise the need for creating mutual relationships between humans and 
technology, thus designing for the emergence of ‘cognitive workspaces’ in manufacturing, 
realising the factories of the future where manual assembly still matters in an innovative 
work environment.

Allowing the boundaries of what constitutes cognition to expand into the environment 
offers a new toolset for identifying both potential problems as well as opportunities for 
improvement of human based assembly work. We do not argue for a decisive single the-
oretical perspective but rather for a complementary one that considers the intricacies of 
human–human and human–technology interaction. We admit that the RITW approaches 
may not be sufficient but we do claim that the understanding of cognitive work cannot be 
complete if they are omitted. Thus, the ultimate goal of design of workspaces should be to 
engage humans more effectively in their work practice in order facilitate better muddling 
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at work, i.e. enacting and designing cognitive landscapes, increasing humans’ motivations 
in wanting the socio-technical system to work accurately in practice.

Notes

1.  When abbreviated as DCog, we refer to Hutchins’s theoretical framework of distributed 
cognition (Hutchins, 1995a, 1995b, 2010), while when written, we will refer to the general 
phenomena of cognition being distributed. The concepts and arguments put forth in this paper 
are mainly true to Hutchins’s original work and omit approaches that deviate significantly 
from his original focus on the cognitive system (see Lindblom & Thorvald, 2017 for more 
details on different views on cognitive systems).

2.  In this article, we do not explicitly distinguish between tools and artefacts, but see the work 
by Susi (2006) regarding different characterisations of tools and artefacts.
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