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ABSTRACT 

Bridging the gap between academic and commercial application of Distributed Cognition (DCog) 

has been problematic. Distributed Cognition for Teamwork (DiCoT) provides a structured 

definition with models, although learning and application continues to be a challenge. In order to 

take DCog forward into commercial practice, a DiCoT workbook tool was developed and tested 

iteratively with three design practitioners (DPs) whilst being applied to a commercial control 

room project. The work was carried out within the framework of the control room design 

standard (BS EN ISO 11064) and an Action Research approach was taken to help capture rich 

qualitative data. A quantitative analysis of learning DCog principles was undertaken, and the 

workbooks were compared to understand the extent of commercial insight gained. The data was 

then used to explore new design options. 

 

The DiCoT workbook enabled learning of DCog whilst collecting relevant data on the socio-

technical system. It highlighted different practitioner skills and DPs questioned their previous task 

analysis based philosophy, suggested in 11064. Using DiCoT was efficient and effective, with 

powerful tools to model the system and this could benefit control room design practitioners. This 

study showed that DiCoT can help bridge the gap between academic and commercial application 

of DCog and the DPs have continued to develop the workbook, as a new integrated part of their 

practice on other commercial projects. This has implications to broaden and add value to the 

methodology recommended in 11064, takes DiCoT forward as a tool for practitioners and 

moves DCog towards a new foundation for HCI. 
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1.0 INTRODUCTION	  
Distributed Cognition (DCog) came out of a desire to study cognition within a socio-cultural world 

(Hutchins 1995b). DCog is a radical way of thinking about how we design and support human 

computer interaction (Hollan, Hutchins and Kirsh, 2000). The theory expands the unit of analysis 

across people and the artefacts they use, within the socio-technical system (Halverson, 2002). 

We are now past the historic moment of the single computer paradigm (Hollan et al, 2000), 

dramatically moving into a brave new world of embodied interaction with computer networks 

occupying our world (Dourish, 1997). There is much at stake if HCI science and ergonomics are 

to keep up with the pace of change and provide new tools to help practitioners shape the future.  

DCog hasn’t been taken up in the same way as other HCI concepts. There is criticism that it 

lacks definition and a method, which moves it from analysis to design (Fields et al, 1998). A clear 

gap exists between academic and commercial application and if DCog really is to become a new 

foundation (Hollan et al, 2000), usable methodologies must be developed for commercial 

settings. Distributed Cognition for Teamwork (DiCoT) is a methodology for understanding small 

socio-technical systems, based on DCog (Blandford & Furniss, 2005). DiCoT uses a 

representational system informed by the ideas of Contextual Design (Beyer & Holtzblatt 1998). 

The purpose of DiCoT is to establish a reusable framework and support reasoning about design 

(Furniss & Blandford, 2006).  

DiCoT was initially tested in a London Ambulance Service (LAS) control room, defining possible 

improvements to both the system and physical room layout (Blandford & Furniss, 2005). The 

method gained some ‘traction’ in academic circles, with several studies exploring its application. 

DiCoT acknowledges the pressure on practitioners to find their focus when confronted by 

complex systems. Berndt et al (2014) compared learning Contextual Inquiry (Beyer & Holtzblatt 

1998) against DiCoT in an anesthesia setting. This highlighted problems associated with 

learning new tools whilst making sense of complex settings. The Berndt et al study (2014) 

identified the need for a standard observation sheet and this could help reduce the gap between 

academic and commercial application. A central research aim for this dissertation was to 

prepare DiCoT for commercial practice. The DiCoT framework was developed further in the 

form of a workbook tool and then used within the context of a commercial ambulance control 

room design project.  

DiCoT was the beginning of my own personal investigation into the methodology used as an 

ergonomics design practitioner for the last 20 years. My interest in ergonomics and HCI has 

grown out of the evaluation and design of a variety of control rooms. I have used the widely 

referenced Control Room Design Standard, BS EN ISO 11064, as a basis for practice and been 

involved in over 70 installations. There is no doubt that commercial application of ergonomics for 

emergency services is a difficult endeavour. Practitioners are faced with stark choices over 

methodology with tight budgets and project teams who don’t want reports to read. A key 

challenge is to ensure a balanced focus on the socio-technical system, whilst running a useful 

and efficient analysis. 11064 recommends Task Analysis as a basis for the ergonomics design 

process. I have found this to be problematic, because you can very quickly become focused on 

detailed task steps as opposed to maintaining a view of the socio-technical system. This carries 
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commercial risk in relation to meeting timescales, budgets and training staff. Several research 

questions (RQs) where defined for this dissertation: 

• RQ1: Can a DiCoT workbook tool enable engagement, learning and application of DCog 

during a commercial design project? This was aimed to reduce the gap between 

academic and commercial practice, critical to the future success of DCog. 

• RQ2: Will using DiCoT support the situational analysis element of the control room design 

standard, BS EN ISO 11064? DiCoT must be able to be used as an industry standard 

approach to ensure commercial success. 

• RQ3: Is DiCoT able to enhance the task analysis approach as recommended in 11064? 

This would be very useful because task analysis is used to great effect on many projects. 

• RQ4: Can DiCoT support reasoning about effective design recommendations for a 

commercial project? Without design there is simply no affect on the system. 

A DiCoT workbook was designed to integrate background reference material with modelling 

worksheets. This study builds on literature that discusses fitting methods to practice, to help 

develop and test the commercial DiCoT tool within a team of practitioners. Moving HCI away from 

the single user paradigm into real world settings makes it hard to validate data and empirical 

tools were used to capture rich qualitative data. The author (DP1), an experienced design 

practitioner, recruited two other design practitioners (DP2 and DP3). The DPs were about to 

embark on a commercial project to redesign an emergency operations centre for an Ambulance 

Trust. Ambulance Trust politics led to the project being cancelled, although the DiCoT site visits 

were completed. 

Section 2 of this study is a literature review providing a foundational discussion about DCog and 

DiCoT. The Control Room Design Standard 11064 is then reviewed with task analysis theory and 

other additional method research for taking DiCoT forward covered. Section 3 is the methodology 

section, starting with the detailed research questions, study design, development of the workbook 

tool and how data analysis was planned. In Section 4, the results of using the workbook tool are 

split across the three sites, to show how DP learning progressed and the workbook was 

developed. Section 5 contains further results to discuss what was learnt from using DiCoT as part 

of situational analysis for 11064. Section 6 is a final discussion that draws together all findings as 

an integrated discussion, based on how the workbook tool steered practitioners to learn DCog 

whilst gathering usable commercial data. The final section is then a conclusion as to what the 

implications of the study are, how it has contributed to knowledge and the implications for the 

control room design standard, BS EN ISO 11064.  
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2.0 LITERATURE	  REVIEW	  
The literature review is divided into four parts with the first section commenting on early 

Distributed Cognition (DCog). This reviews the work of Hutchins and application to commercial 

aviation, concluding with academic work aimed to define and frame DCog. The second part 

reviews the development of Distributed Cognition for Teamwork (DiCoT) the focus of this study, 

and describes the method’s main objectives and it’s initial application to London Ambulance (LAS). 

There are also several subsequent academic studies with important findings relating to learning 

and applying the DiCoT framework.  

The third part of the literature review introduces the Control Room Design Standard, BS EN ISO 

11064, an important reference for ergonomics professionals running commercial projects. A 

brief review of the 11064 framework for design practice, principles and philosophy is provided 

and the section concludes with an assessment of the recommended task-analysis based 

approach. The final section presents a review of other method-based literature, to help shape an 

effective workbook tool, to take DiCoT forward. 

2.1 Distributed Cognition   

Distributed Cognition (DCog) emerged from the seminal work of Hutchins whilst investigating the 

concept of “naturally situated cognition” on board the bridge of a US Navy Ship (Hutchins, 1995b). 

Hutchins studied airline cockpits and found that the examination of memory processes, showed a 

rich interaction between internal processes, manipulation of objects and the traffic of 

representations (Hollan et al, 2000). DCog brings a unique approach to the understanding of socio-

technical systems, as it takes the theoretical perspective that a distributed system is a better 

primary unit of analysis rather than that of an individual mind (Hutchins, 1995a). DCog concerns 

itself with how information is represented and transformed around the system, in the performance 

of tasks (Hutchins, 1995a). These representations are studied as they propagate across individuals 

and artefacts, with cognition regarded as a property of the system (Fields et al, 1998). Hutchins 

(1995a) suggests that a benefit of extending the unit of analysis in this way is to open up the wider 

cognitive system to scrutiny.  

Hutchins relates the desire to look at cognition in this way, back to a mid 1950s split between 

cognitive/symbolic anthropology and social anthropology. He suggests this as “the moment they 

left society and practice behind” (Hutchins, 1995b, p. xii). Hutchins (1995b) was urging a move 

towards a new recognition that human cognition is always “situated in a complex socio-cultural 

world”. Computers are becoming increasingly embedded in all our lives, driven by new paradigms of 

interaction (Dourish, 2001). The days of a single user/computer system relationship have gone 

and there is an increasing need for new ways to understand complex business and social 

interactions across networks of computers (Hollan et al, 2000). It is therefore perceived that DCog 

has a “special role to play” in understanding the new interconnected world between people and 

technology, “a new foundation for HCI” (Hollan et al, 2000, p.174). 
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2.1.1 Applying DCog to a Commercial Airliner 

Hutchins (1995a) uses the cockpit of a commercial airliner as a unit of analysis. This shows how a 

system performs cognitive tasks of computing and remembering correspondences between 

airspeed and wing configuration. The aim is to show how properties of distributed systems differ 

from cognitive properties of individuals, taking forward the argument for a DCog perspective 

(Hutchins, 1995a). The study begins with a discussion about applying the cognitive frame 

(Hutchins, 1995a), a narrative about the methodology and then why speeds must be 

remembered with some background to regulations and airline policy. An understanding of flight 

characteristics, division of labour between pilots, using a narrative about context is established 

(Hutchins, 1995a).  

Part of the methodology is comparing a procedural description of landing, constructed from in-

flight observations, with a cognitive description of memory for speeds, representations and 

processes outside the pilots heads (Hutchins, 1995a). The procedural description is needed if the 

reader is to understand how the DCog framework, provides new insights into the system. These 

task based statements are constructed using the theoretical lens of DCog and provide a very 

efficient understanding of the work. We can see how the selected speeds are translated from the 

card into speed bug positions on the air speed indicator, corresponding with flap/slat settings 

(Hutchins 1995a).  

Through DCog we learn how the cockpit system remembers its speed, with external 

representations constituting a rich cognitive environment (Fields et al, 1998). This early study is 

heavily reliant on Hutchins own internal understanding of commercial airline operations, informed 

by his experience as a pilot and ethnographer of cockpits (Hutchins 1995a). An important point is 

that Hutchins unique experience forms part of his craft skill in applying DCog and although the 

discussion provides an intriguing insight into the potential of DCog, it is hard to determine how to 

start and what type of analysis should be undertaken. 

2.1.2 Applying DCog to Air Traffic Control 

Fields, Wright and Marti, (1998) carried out a study into Air Traffic Control (ATC) as a Distributed 

Cognitive System. The aim of the work was to contribute to the ongoing debate about the impact 

of automation and technology change in ATC (Fields et al, 1998). The paper first looks at ATC in 

terms of computational properties and goals, then the effect that the representational artefacts 

have on processes (Fields et al, 1998). 

The high level goal of ATC is undertaking a computation to maintain separation between aircraft, 

through airspace (Fields et al, 1998). The behaviour of aircraft over time can be explained as a 

trajectory through four-dimensional space (Fields et al, 1998). The flight progress strip provides a 

paper representation of a single aircraft. The strips are a publically visible shared artefact, and 

are loaded onto a board in arrival time order. Strips are one of the media several controllers use 

to communicate (Fields et al, 1998). The RADAR is another important representation brought 

into coordination with flight strips. This artefact provides a simple 2d snapshot of current 

horizontal locations, with text data blocks showing aircraft call sign, height and speed. (Fields et al, 

1998). The call sign plays a pivotal role in “coordinating the information represented in various 

media” (Fields et al, 1998, p.4). The convertibility and ease at which it can be read out and the 
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comparison of the flight board with the RADAR system provides an up to date picture of the 

airspace (Fields et al, 1998). 

There was apparent pressure for more automation to integrate the various media into a single 

computerised representation (Fields et al, 1998). Fields et al discuss the future of conflict 

resolution with computerised tools using DCog. A new system will reduce the burden of having to 

integrate various media, against the potential reduction of controllers on-going mental picture 

(Fields et al, 1998). A new system will make communication between strips easier, whist reducing 

communication between controllers. With the prospect of an all-electronic system, there are 

fewer ways to carry out computations and a loss of practicing conflict resolution and team 

working (Fields et al, 1998). Fields et al (1998) highlight that the current artefacts support 

cognition in different ways and replacing these changes the nature of interactions. Using DCog to 

understand the ATC system revealed important issues for future system development, although 

once again, the discussion is based on craft skill of the analysts and narrative using knowledge of 

DCog to frame the discussions. 

2.1.3 Criticism of DCog 

One of DCog’s advantages is a theoretical commitment to examine a broader socio-cultural-

technical system (Halverson, 2002). DCog is grounded in what Hutchins (1995b) calls “cognitive 

ethnography” suggesting “Studying cognition in the wild is difficult, with uncertain outcomes” (p. 

371). Prior work on DCog has led to the belief that it is largely a descriptive theory (Furniss & 

Blandford, 2006) and although early work does make use of a narrative description e.g. (Decortis, 

Noirfalise & Saudelli, 2000) and (Hutchins, 1995a), DCog can deliver important findings that 

contribute to the development of systems (Fields et al, 1998). 

Halverson (2002) points out that part of DCog’s power is the flexibility of the unit of analysis. This 

means that the scope will change depending on the system under scrutiny, e.g. air traffic control 

(Fields et al, 1998) or a health care system (Berndt, Furniss, & Blandford, 2014). By moving HCI 

away from the single user paradigm into real world settings, it is much harder to validate data and 

Hutchins (1995b) makes it clear that the traditional boundaries of analysis will need to be 

softened at the expense of analytical convenience. There appears to be real uncertainty 

surrounding how some of its attributes are defined and Halverson (2002) points out that there 

isn’t a name for the all important unit of analysis, suggesting that naming conceptual and 

analytical constructs helps to communication concepts. The apparent weakness identified in the 

literature is a clear uncertainty as to what you actually do when applying the philosophy of DCog. 

Having such a broad remit will inevitably make framing the tools and approach for it’s application 

difficult, and this may be part of the reason why DCog theory has often lacked visibility in the HCI 

community (Wright et al. 2000). There is criticism that it cannot be used “off the shelf” (Rogers & 

Scaife, 1997) and these issues will need to be addressed if DCog really is to fulfill the special 

foundational role mandated by Hollan et al (2000). 

These important criticisms pushed academics to provide new frameworks and tools to take DCog 

forward. Wright et al (2000) argue that although DCog research identifies resources for action, it 

stops short of providing a definition. They offer a framework called the Resources Model, to help 

analyse interaction through a process of coordination and integration, providing a link between 

devices, representations and actions. In their ATC paper, Fields et al (1988) criticise DCog for an 
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apparent lack of methodology for moving from analysis to design. Furniss and Blandford (2007) 

suggest there has been little attention paid to develop a DCog method or reusable representation 

and defined DiCoT, a methodology for applying distributed cognition to the design of team working 

systems. An important aim of DiCoT is to codify an approach for analysis, in order to make it less 

of a craft skill and established practice (Furniss & Blandford 2006). The main aim of these 

approaches is to make DCog more accessible to HCI practitioners and establish practical 

methodologies that can be applied to projects (Blandford & Furniss, 2005). 

There have also been several academic studies conducted in healthcare, (Rajkomar & Blandford, 

2012), (McKnight & Doherty, 2008) and railways (Webb, 2004). Rajkomar & Blandford (2012), 

highlight challenges/dependencies on ethnographical data and domain knowledge. McKnight & 

Doherty (2008) discuss unique challenges with the setting, although report significant leverage 

for control room analysis. Webb (2004) reports on the adaptability of the framework, although 

identifies concerns with bridging the wide gap between analysis and design, on projects that need 

major structural changes to the system. The potential time required to gain a mature 

understanding of principles when using the DiCoT framework has also been discussed (Berndt, et 

al, 2014). Berndt et al (2014) found difficulty learning and applying the methodology and 

recognised previous criticism of DCog, quoting Benyon (2002, p.191.) who says, “real methods 

hadn’t appeared based on it”.  

2.2 Distributed Cognition for Team Working Systems (DiCoT) 

DiCoT is a methodology for applying DCog to the design of team working systems (Blandford & 

Furniss 2005). DiCoT tries to address criticism that DCog cannot be used as an off the shelf 

methodology and aims to make “theory more accessible to understand and apply” (Furniss & 

Blandford 2006. p.1201). This is achieved by defining three components across five themes, to 

help model the transformation and propagation of information around a system. There is 1) a set 

of 18 principles, 2) a set of diagrammatic representations and 3) a set of tabular representations 

(See figure 1, p.13). This study is focused on the first three themes as the others are awaiting 

further development: 

1. Physical modelling and sketching of the general room and equipment arrangements, 

2. Information flow modelling, with a high level view focused on the input, transformation and 

output and then two deeper views focused on human agents and a version that uses the 

principles of filter, hub and buffer as system properties.  

3. The third theme is the artefact model to understand interactions between humans and 

their computer systems.  

DiCoT’s strength is that it recognises practitioner’s need a framework on which to build practice, 

and apply to projects. It also acknowledges time constraints and practical challenges faced when 

confronted by novel environments, making use of work by Suchman and Trigg (1991), with 

strategies to help focus with iterative analysis and observation. 
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Figure 1: The five themes of DiCoT with 22 principles. 

By establishing a set of principles split across each theme, DiCoT moves towards a framework 

that can be reused for modelling DCog (Blandford & Furniss, 2005). This begins to address 

previous criticism that DCog lacks definition (Halverson, 2002). Using a set of diagrammatical 

representations to allow structure and flow, provides a heterarchical approach to modelling, 

allowing the practitioner to explore multiple relationships (Diaper and Stanton 2004). The tabular 

representations then provide a narrative framework to highlight the features of the system 

(Blandford & Furniss, 2005).  

A key goal of DiCoT is to push beyond pure description (Furniss & Blandford, 2006). DiCoT 

combines the principles of DCog and Contextual Design (Beyer & Holtzblatt 1998), to help 

practitioners conceptualise, model and understand the socio-technical system. Beyer and 

Holtzblatt (1998, p. 84) report extensively on the use of “work models as a graphic language” and 

go onto suggest models make concepts concrete, creating a physical artifact that teams can 

share and discuss. They also suggest that a diagram supports systemic thought and design 

cohesion, quoting Hutchins (1995b) comments about how “artefacts support and enhance 

thought” (Beyer & Holtzblatt, 1998, p. 84). Beyer and Holtzblatt (1998) also suggest 

familiarisation with the model of a system allows designers to deliberate different organisations of 

the system and support design discussions. 

Furniss and Blandford (2006) suggest that through a DCog description of the system, it should be 

possible to deliberate about alternative arrangements, supporting design discussions. These ideas 

reference methodologies from Rosson and Caroll (2002), who identify certain issues e.g. ‘trade 

offs’ as being central to the design process. Furniss and Blandford (2006), use claims analysis 

(Rosson & Caroll, 2002), to help deliberate these issues, aided by further descriptions and 

diagrams. This defines a research question (RQ) for this dissertation: Can DiCoT support 

reasoning about effective design recommendations on a commercial project? 
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2.2.1 DiCoT Study at London Ambulance Service. 

DiCoT was initially applied to an emergency medical dispatch room (EMD) at London Ambulance 

Service (LAS). The study produced some interesting results in relation to reasoning about re-

design (Furniss & Blandford, 2006). A claims analysis was used to evaluate features that have an 

important influence on the system and recording pros and cons of each in order to support 

design rationale (Furniss & Blandford, 2006). The study carefully records how the principles 

defined for DiCoT were initially explored and developed. There were several stages of analysis, 

beginning with a review of existing video material to establish questions in this unfamiliar area 

(Furniss, & Blandford, 2006). There was limited time for site visits and the first was aimed to 

develop an understanding and produce a preliminary description of the system (Furniss, & 

Blandford, 2006). The analysis was run iteratively based on Suchman and Trigg (1991), where 

meaning is developed through observation and re-observation. Furniss and Blandford (2006), 

report that this cycle builds understanding as familiarisation develops and Furniss makes 

observations about moving from being truly ‘unfamiliar to familiar’, noting the issue about 

practitioner learning. 

2.2.2 The Process of Learning DiCoT 

Berndt, Furniss & Blandford (2014), report on the challenges a novice analyst faced, learning and 

applying the framework, as part of a reflective study between Contextual Inquiry (CI) and DiCoT. 

The study took place within a health care setting, focused on technology used in anesthesia. The 

original aims were to report on a comparison of learning and how each approach supported the 

novice in structured data gathering and analysis (Berndt et al, 2014). Berndt was unfamiliar with 

CI, DiCoT and the domain feeling “well placed to conduct an in-depth diary study of learning in an 

unfamiliar, complex setting” (Berndt et al, 2014, p.5). This provides a unique picture of the novice, 

trying to understand an overwhelming socio-technical environment.  

Berndt begins with an initial period of self-learning, then on site application with extensive note 

taking and consolidation of the material immediately after each session (Berndt et al, 2014). 

Berndt et al (2014) found that it proved too challenging to learn both the context and apply the 

framework at the same time. One diary entry suggests that Berndt (2014) felt being so 

overwhelmed, reduced effective data collection. “Learning of DiCoT was really cumbersome with 

so many sources and abstract principles” (Berndt et al, 2014, p.7). Berndt et al, (2014, p.8) also 

report a repeating problem of finding an “appropriate level of abstraction”. DiCoT helped to handle 

complexity, although CI was thought to be easier to learn. DiCoT gave added value through its 

focus on information propagation and transformation, with people and artefacts. DiCoT was also 

more flexible with better clarity on how to actually use the models and principles to reason about 

the complexity of the setting (Berndt et al, 2014). This clarity will be very important if DiCoT is 

going to become the framework that is used to apply DCog by mainstream HCI practitioners. 

Berndt et al (2014) felt there was no single source of DiCoT guidance, with learning done by 

reading research papers. This led to a lack of consistency across the available DiCoT literature, 

and made it difficult to learn and understand. Berndt et al (2014) found that the explanation of 

abstract DCog concepts was inadequate, making it difficult to apply these to a concrete situation. 

These important issues challenge the idea that DiCoT can provide an “off the shelf methodology” 

(Furniss & Blandford, 2006). There are barriers to enabling DiCoT to meet the aim of DCog 
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becoming a new foundation for HCI (Hollan et al, 2000), with associated difficulties in learning and 

understanding principles and the problem of being overwhelmed by background data. Berndt et al 

(2014) suggest a standardised observation sheet could be used to steer future studies and this 

could be used to help bridge the gap between academic and commercial application of DiCoT. This 

defines another research question (RQ) for this dissertation: Can a DiCoT workbook tool enable 

engagement, learning and application of DCog during a commercial design project? 

2.3 BS EN ISO 11064 Ergonomic Design of Control Centres  

Around the time Hollan, Hutchins and Kirsh published towards a new foundation (2000), the 

British and European Standard 11064 was released. The standard is widely used by human 

factors professionals, as the main reference for control room projects and is recognised by the 

UK Health & Safety Executive. The standard doesn’t recognise the concept of DCog, or even use 

the term socio-technical system, although mentions “social-system factors” as part of job design 

and work organization. The standard was prepared to set up a generic framework for the design 

and evaluation of control centres. There are 8 parts consisting of principles and philosophy, 

design methods, ergonomic requirements and evaluation methods. Part 1 presents 9 principles 

for consideration (Table 1). 

 

 

 

 

 

 

 

 

 

 

 

Table 1: The 9 principles of 11064        Figure 2: The five phases of 11064 

Principle 1 makes a clear commitment to the study of human cognition in context, stating that 

human characteristics such as perception, problem solving and decision-making should be 

considered. DCog philosophy is hinted at as, “knowledge about how operators feel and interact 

with operations” and “with designed objects should be considered” (11064, Pt 1, p. 3). Principles 

2 and 3 outline method steps for analysis to design. Principles 4 and 5 define Task Analysis as the 

approach to analyse the work-system, as a basis for principle 6. Principle 4, conduct a situational 

analysis is defined as: 

“A task analysis in an existing situation to analyse all the behavioural aspects of the work-

system, such as revealing practical experiences, informal communication, expectations 

and complaints of current users and any other facts that might be useful for redesign 

purposes” (BS EN ISO 11064, p. 2).  
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Principle 5 is conduct task analysis, defined as: 

• ”Analytical process, employed to determine the specific behaviours required of people 

when operating equipment or doing work” (11064, p. 3).  

Principle 6 is about human error and Principle 7 recommends “user participation”, again part of 

the philosophy of moving from analysis to design, supported by principles 8 and 9 (11064). The 

control room standard was written to provide a philosophy of practice, principles and methods 

for the design of complex user centred systems (11064). Task Analysis is fundamental to this, 

being the basis for understanding the technical system under inquiry. 11064 is an analytical 

method to understand future operations, supporting movement from analysis to design (Figure 

2, p.15). Another research question (RQ) for this study is: Will using DiCoT support the 

situational analysis element of the control room design standard, BS EN ISO 11064? 

2.3.1 Criticism of using Task Analysis for the Control Room Standard 

Task Analysis (TA) has been enshrined in the control room standard as a key process. This is not 

surprising as “most models of interaction are task based” (Wright et al, 2000, p.3). “Task analysis 

can be defined as the study of what an operator or team of operators is required to do, in terms 

of actions and/or cognitive processes to achieve a system goal” (Kirwan & Ainsworth, 2001, p. 1). 

One of the best-known techniques is called Hierarchical Task Analysis’ (HTA) and this provides an 

effective means to decompose tasks in enough detail to understand how work should be 

organized (Kirwan et al, 2001).  

 

Figure 3: Examples of a Hierarchal Task Analysis and Heterarchical Link Analysis for control room projects 

Diaper and Stanton (2004) suggest that although conceptual relationships don’t have to be 

specifically hierarchical, it is common in many TA methods, as people find Hierarchies easy to 

understand. Because users interact with their computer systems and inhabit a rich 

complicated environment, Diaper and Stanton (2004) suggest that decomposition using a 

hierarchical model is clumsy. Using hierarchies for modelling is more for convenience, 

because the world really isn’t hierarchical and would be better modeled as a heterarchy using 

a “level of abstraction concept” allowing ‘things’ to have multiple relationships (Diaper & 

Stanton, 2004, p. 6). A heterarchical approach provides a more direct representation of 

system elements and keeps the analyst closer to the socio-technical system, for example Link 

Analysis (Figure 3).  

Hierarchical 

Heterarchical 
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Link analysis is a TA approach described by Kirwan et al (2001) as an annotated diagram 

showing visual/physical movement between system components, optimising placement and 

importance. Link analysis can be used to chart movement between people and artefacts, 

although it doesn’t take a DCog perspective and identify internal and external representations 

(Hollan et al, 2000). Link analysis is used to define communication paths between team 

members and bubble diagrams can be created to represent links for translation into room 

layout options (Noyes & Bransby, 2001). Link analysis can be built up from a TA with 

schematic or spatial link diagrams, (Kirwan & Ainsworth 2001). Links are often represented 

as drawn lines between people, often depicting frequency or importance (Kirwan & Ainsworth 

2001), built up from focused observations (Noyes & Bransby, 2001). 

Diaper and Stanton, (2004) also refer to HTA as a traditional TA method to achieve a highly 

precise procedural specification. If a novel situation or new opportunities appear, the highly 

structured methods of TA just chug ahead, suggesting a lack of flexibility (Diaper & Stanton, 

2004). HTA is presented under the heading of task description methods in Kirwan et al, 

(2001). There is an important distinction between description and analysis (Annett in Diaper 

& Stanton, 2004) and tasks need to be carefully observed, decomposed and described 

before any analysis can begin. TA has the potential to collect large volumes of data and 

Kirwan and Ainsworth (2001) raise the problem of stopping rules, to avoid a great deal of 

effort being wasted. Running TA can be time consuming, and defining the precise goal to be 

analysed is difficult (Kirwan et al, 2001).  

HTA can be a very effective method if focused correctly and is often the basis for further 

analysis, although a measure of craft skill is required (Kirwan et al, 2001). It is interesting to 

note that some claim “task analysis is potentially the most powerful method available to those 

working in HCI” whilst others suggest that “confusion reigns” and “designers and human 

factors practitioners fumble with the concept” (Diaper & Stanton 2004, p. 5). TA is seen as a 

fundamental part of the Control Room Design Standard. The literature review reveals TA to 

be a wide variety of processes, difficult to define and not without problems. This is not 

unexpected because although TA can be effective, it is often time consuming and a challenge 

to use, especially within a commercial setting. A further research question (RQ) for this 

dissertation will be: Is DiCoT able to enhance the task analysis approach as recommended in 

11064? 

2.4 Other Method Research to Help Take DiCoT Forward  

2.4.1 Taking A Case Study Approach 

John and Packer (1995) was a strong influenced on the work of Berndt et al (2014), describing 

a case study approach to learning Cognitive Walkthrough (CW). The work is focused on a novice 

evaluator learning this classic Usability Evaluation Method and highlights the importance of 

triangulation and convergence of explanations as to what has happened (Yin, 1994). The study 

participants kept a diary of actions, difficulties, insights and discussions, while learning and 

applying the method, (John & Packer, 1995). Several novice analysts took part in the study and 

a 30-minute briefing lecture was initially provided (John & Packer, 1995). The write up focuses 

on the computer scientist (A1) making use of two types of empirical data collection techniques, 

diary and problem description forms (John & Packer, 1995). Participants commented on 
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doubts or confidence with the technique and any modifications made. A1 recorded 87 entries 

revealing some significant insight into learning and using the technique (John & Packer, 1995). 

Its interesting to note concerns about using CW disappear when familiarity sets in, as do issues 

over background and training (John & Packer, 1995). Problems understanding the theory, 

eventually changed to “little or no experience” is required and the “technique is simple and easy 

to learn” (John & Packer, 1995, p. 434).  

A1 felt that CW was learnable with little psychological or HCI training (John & Packer, 1995). 

The issue of confusion created by reading background research papers is mentioned. A1 felt 

that a practitioners guide should be read first and there is a clear pattern of learning whilst 

trying to apply (John & Packer, 1995). Berndt et al (2014) is clearly influenced by this study, as 

Berndt becomes ‘A1’ in the comparison between CI and DiCoT. These concepts will be further 

explored as part of RQ1, to define an effective workbook tool to allow an analyst to begin using 

DiCoT with little training, and capture useful data to understand the socio-technical system.  

2.4.2 Fitting Methods Based on the Constraints of Practice and Time 

The need to adapt HCI methods to practice and optimise within project constraints is the topic 

of a study by Spencer (2000). Social constraints are identified as a basis for adapting the 

Cognitive Walkthrough (CW) process (Wharton, 1994), based on time pressure, lengthy 

design discussions and defensiveness. Spencer is working in a large software company and 

tasked with evaluating software in the development cycle. Spencer’s starting point is a belief 

that CW is a good process, since a single evaluation could tie together the work of several sub 

teams (Spencer, 2000). Spencer (2000) makes adjustments to the original method as it didn’t 

produce good results and the development team felt it was not a good use of time. Spencer 

(2000) defines the contextual issues that made using the CW technique difficult and these are 

the basis for the social constraints. He then goes on to modify both the tool and project team 

behaviour, two sides of the situation, collapsing Wharton’s four classic usability questions into 

two (Spencer, 2000). 

Some of the way that Spencer streamlines CW can be seen as a mix of providing a helpful 

framework to support the use of the tool by novices and answer time constraint issues. 

Spencer (2000) highlights the need to fit methods to practice and concludes that the Wharton 

(1994) CW does not take into account social realities of a large company. The solution is to 

trade-off granularity for coverage to gain team buy in and flexibility and adaption were key 

ingredients in Spencer’s (2000) commercial application. Another learning point is the strong 

leadership and process to allow practitioners with little training to begin using the process and 

get results immediately. A strong site plan and team ethos will aim to be developed for this 

study. 

2.4.3 What to Study and Type of Data to Capture for Taking DiCoT Forward? 

In their scoping analytical usability methods paper, Blandford et al (2008) point out that many 

studies comparing UEMs, relied on simple problem counts rather than articulating in detail, the 

scope and applicability of methods. Blandford et al (2008) suggest that the kind of problems a 

particular method is good at finding is important and identified commonalities and contrasts 

between UEM methods. The use of a problem count as a measure of effectiveness was 
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criticised by Gray and Salzman (1998) and Blandford et al (2008) discuss a range of criteria 

that can be used to look deeper than a simple problem count.  

‘Reliability’ is described as the extent to which different analysis of the same system using the 

same UEM yield the same insights, although Blandford et al (2008) point to problems with this, 

citing the evaluator effect (Hertzum & Jacobsen, 2001). ‘External Validity’ is the extent to 

which findings of analysis, relate to those found when a system is used in the real world. 

‘Thoroughness’ is defined by Sears (1997) as the proportion of real problems found by a 

method. ‘Effectiveness’ is defined by Hartson, Andre and Williges (2001) as a product of 

reliability and thoroughness and there is also ‘Productivity’ or number of problems found. 

Blandford et al (2008), point out the difficulties in measuring many of these concepts and also 

discuss the ‘Practicalities’ of integrating methods within practice, and describing what is 

actually done when applying a UEM.  These are more interesting to this DiCoT study, as one of 

the key aims is to build on previous papers about learning to use modelling techniques (Berndt, 

Furniss & Blandford, 2014) and fitting methods to practice (John & Packer, 1995). 

‘Downstream utility’ (Blandford et al, 2008) is also of interest, being closely related to the 

DiCoT goals of defining design options. 

An interesting point is made in Blandford et al (1998), from a study of learning a modelling 

technique. The students had difficulty with representations, tending to lose sight of this being 

simply a tool to support reasoning. Blandford et al (2008, p. 4) conclude that, “methodologically 

the comparison of UEMs is rife with traps”, as there are so many variables and questions. 

DiCoT is more about running models as tools for reflection (Blandford & Furniss 2005) and a 

rich, qualitative reflection methodology would seem to be far more useful than a formal 

quantitative analysis of method characteristics, as an approach for this dissertation. 

3.0 METHODOLOGY	  

3.1 Aims, Objectives and Research Questions 

The central research aim for this dissertation was to prepare DiCoT for commercial practice. The 

study was to form part of a commercial design project for an Ambulance Trust, embarking on a major 

reconfiguration of their Emergency Operation Centres (EOCs). Another aim was to explore the 

implications of DiCoT for the Control Room Design Standard, BS EN ISO 11064. Bridging the gap 

between academic and commercial application is also important and led to the need for a workbook 

tool. The following research questions had been established from the literature review to explore these 

research aims: 

• RQ1: Can a DiCoT workbook tool enable engagement, learning and application of DCog during a 

commercial design project?  

• RQ2: Will using DiCoT support the situational analysis element of the control room design 

standard, BS EN ISO 11064? 

• RQ3: Is DiCoT able to enhance the task analysis approach as recommended in 11064? 

• RQ4: Can DiCoT support reasoning about effective design recommendations, for a commercial 

project? 
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3.2 Study Design 

3.2.1 Action Research, Reflectivity and Reflexivity  

An Action Research (AR) approach was taken for the study. AR is based on the powerful notion 

that human systems could only be understood and changed if the members are involved in the 

inquiry process itself (Brydon-Miller, 2003). AR is considered to be deeply democratic and 

participation for action a core principle (Weisbord on Kirt Lewin, 2012). Implicit in this study, is 

the idea of beginning a journey of learning and development and the decision to involve other 

design practitioners (DPs) was important. A key part of AR is for the team to plan act and reflect 

(Hayes, 2011) and this will be applied to the workbook over several site visits, to make targeted 

improvements. Experiences and reflections on learning DiCoT will be captured through the 

workbook and taking an AR approach was also intended to foster team learning. As the study 

required participants to apply new concepts, this was aimed to combat some of the difficulties 

noted in previous DiCoT studies (Berndt et al, 2014). Taking a reflection-in-action approach for the 

study can enable “technical problem solving within the broader context of reflective inquiry” (Schon, 

1983, p.69).  

Because the project was about applying a new process of inquiry all three DPs must become 

researchers in the practice of context, as opposed to being “dependent on the categories of 

established theory and technique” (Schon, 1983, p.68). All three DPs have experience in 

understanding control rooms using the task-based approach in 11064 and will need to 

recognised this as their established theory and technique. DPs were encouraged to be self-

reflexive as this is widely accepted as part of the qualitative research process (Ortlipp, 2008). 

Individuals engaged in a research activity will bring their own set of values, opinions and judgments 

and this element of the workbook will aim to keep the process of data collection and analysis as 

transparent as possible (Ortlipp, 2008). 

3.2.2 Diary Study Component 

To support the AR approach, a workplace diary study technique was borrowed from Rieman 

(1993). This will provide useful data by combining diary logs with post study interviews and 

Rieman (1993) suggests that by combining these elements, the relatively soft, stand alone 

statements in an interview, can be hardened. Rieman (1993) also discusses the use of the 

‘eureka report’, to engage participants and record a significant learning event. This was an ideal 

component for the study, to understand if applying DiCoT provides new insight into the socio-

technical system, whilst enabling learning of key DCog principles. Diary and Eureka sheets were 

included in the workbook. 

3.2.3 Procedure 

The first workbook was established with an initial introduction to DCog and DiCoT. Other features 

included separate sections for the three frameworks, worksheets for the DPs to begin capturing 

data, diary and eureka note pages. A timetable was created (See table 2, p.21), to allow DP2 and 

DP3 to visit two of the three control rooms with DP1 in a different order, and one site altogether. 

The aim was to ensure that each EOC had a mix of first and last sessions for DPs to balance the 

possible learning effect (Cairns and Cox, 2008) ensuring a balanced collection of data. This 

provided 10 separate workbooks for the study. 
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Table 2: Site visit timetable. 

KEY: Site 1 Blue, Site 2 Grey, Site 3 Pink 

The site plan aimed to run the physical modelling first, sketching the room arrangements and 

making notes; information flow modelling next, by drawing an initial input/output diagram, filling in 

a table for actors and modelling using the diagrams as a basis for staff discussions and reflection.  

The process would then be repeated for the final theme, artefact 

modelling. The rationale for this was to build on the original stages of 

analysis used in the DiCoT LAS study (Furniss & Blandford, 2006). 

This procedure was run for each site visit (Figure 4). 

After each site visit, DPs were allowed to take their workbook 

home and encouraged to reflect further on the experience and 

add more notes and observations. The aim was then to run 

team meetings to reflect on the workbook and agree on the 

improvements for the next visit. Practitioners ran the next session 

with a blank and improved workbook, using their latest understanding 

of DiCoT.  

Figure 4: High level process for site visits 

The iterative process trialed four different versions of the workbook. Once all of the site visits had been 

completed, a review was carried out of the modelling, notes, diary and eureka reflections and an 

interview script for DPs was devised with two elements: 

• A set of questions unique to each participant, to explore their reflections and experience of 

using DiCoT, the workbook tool and changes in attitude as the study progressed. 

• A common set of questions to understand key issues in relation to the extent of learning 

DCog and DiCoT concepts, and how effective DPs felt DiCoT was for understanding the EOC 

system. There were also questions about taking DiCoT forward. 

The DPs were asked to participate in a semi-structured interview over the telephone. The session 

was recorded and comments captured on a spreadsheet. The first half of the session was 

intended to probe the themes and issues that were pertinent to each individual, the second was 

intended to compare views and opinions. 

3.3 Commercial Setting For the DiCoT Study 
The author (DP1) has been working as an ergonomics design practitioner with the Ambulance 

Trust for nearly 10 years. There have been several ergonomics design projects for the 

development of EOCs, with three sites forming part of the reconfiguration programme. Two of the 

three EOCs were to be merged into a new building, and this was the live project that the DPs had 

been working on. As the Trust was operating three EOCs using the same systems and procedures, 

running the study across three sites would allow DPs to ‘develop meaning through observation 

and re-observation’ (Furniss & Blandford, 2006). 
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3.3.1 Constraints 

The Ambulance Trust put the EOC reconfiguration project on hold during the early stages of the 

study. This put pressure on the team as they moved on to other projects. The site visits were 

allowed to continue whilst the commercial project was being re-planned, although inevitably less 

time was spent due to a lack of commercial funding. In order to maintain the commercial 

emphasis for the project, the data collected was drawn-up as it would have been in preparation 

for the concept design phase of 11064. This was then used to answer research questions in 

relation to commercial practice. The Trust then decided not to continue with the ergonomics input 

into the commercial EOC project. 

The visit to site 2 for DP1 and DP2 was difficult because the EOC was very busy and there were 

staff shortages. This made it hard to interview staff and affected the collection of DiCoT principle 

examples. Site visits 3 and 4 had to be re-planned and swapped over, and one visit had to be 

carried out the day after another. This did not allow for as many iterations of the workbook as 

planned. The final site visit was also subject to cancellation, due to a local event and eventually 

happened much later in the year. The site visit programme didn’t run entirely as planned and this 

made the data more difficult to interpret, especially for workbook development.  

3.4 Participants 
The author (DP1) an experienced design practitioner, asked two work colleagues (DP2 & DP3) to 

take part in the study. All three DPs were about to work on the Emergency Operations Centre 

(EOC) project. All DPs had experience in the ergonomic design of control centres, with reference 

to the task based approached recommended in the control room standard 11064: 

• DP1 has 20 years experience on a wide variety of control centre design projects, is studying 
for the Masters in HCI at University College London, and has a BA Hon’s (Industrial Design 
Engineering). 

• DP2 is a competent ergonomics designer, with three years of experience working under the 
mentorship of DP1, and has a BA Hon’s (Interior Architecture). 

• DP3 is a new practitioner with some experience of supporting the other two DPs with 
usability trials for control centres, and has a BA Hon’s (Interior Architecture). 

DP1 mentored the two other practitioners and took a lead role, especially during the first and 

second site visits. This would be a normal arrangement for commercial design practice, e.g. 

(Spencer, 2000).  

3.5 Apparatus: Development of the DiCoT Workbook Tool 

The initial DiCoT workbook tool was developed to provide the basis for running the site work, using 

the three primary DiCoT themes as a structure (Furniss & Blandford, 2006). This contained a 

briefing on DCog, an introduction to the DiCoT framework, combined with worksheets (Figure 5, 

p.23). In order to guide practitioners, flow diagrams were created to support site visit planning 

(Figure 6, p.23). The aim was to provide a totally integrated workbook, containing sample data, 

sketches, notes, and reflections (Figures 7 – 12, p.23 and p.24). 

The workbook tool contained the following key features: 

• Sketches from the original LAS study to help practitioners begin modelling. 

• Sample tabular narrative from original LAS study, to show practitioners how to describe the 
socio-technical system. 

• A list of DiCoT principles presented on a worksheet with prompt questions, to allow 
practitioners to record examples of DCog theory during observations. 

• Diary pages to encourage personal reflection and make notes about learning DiCoT. 
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• Eureka forms to identify when DPs had a moment of realisation about something new. 
The sheets were printed off and bound into a workbook to enable their use. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
Figure 5: Table of contents from the first DiCoT workbook  Figure 6: Flow chart example from physical model theme 

  

 
 
 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 

 
 
 
Figure 7: Eureka worksheet example DP1   Figure 8: Diary worksheet example DP2 
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Figure 9: Physical model worksheet from DP3           Figure 10: Physical model DiCoT principles worksheet DP1 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Information flow worksheet DP2     Figure 12: artefact model worksheet DP1 
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3.6 Data Gathering and Analysis 

The workbook enabled three main types of data to be collected to investigate the research 

questions. 1) Thoughts and reflections on how the workbook enabled learning DiCoT; 2) how 

DiCoT techniques enabled learning about the EOC system; 3) Information about the socio-technical 

system under inquiry. The analysis was conducted across the site visits to understand the 

process of learning and data collected in relation to the socio-technical system. Workbook 

development was reviewed to see how the DiCoT tool was iteratively improved as the project 

progressed. The quantity and quality of DPs noting examples of the 18 DiCoT principles across all 

sites, was analysed to help understand patterns of learning. It became apparent that this element 

of the workbook had been a very strong component for learning DiCoT.  

3.6.1 Site Observations and Semi-structured Interviews with EOC Staff 

Site observations began with a familiarisation session from each EOC Manager. An initial walk 

through of the room was provided to describe all features, roles and artefacts. A video camera 

was used to capture this session, to allow further reflection and observations. Each DP began to 

draw and model the room for about 30 minutes on each theme, then interviewed staff and 

reflected. The semi-structured interview process was used to explore the DiCoT principles with 

EOC staff as part of the modelling and analysis. DPs were encouraged to use the DiCoT principles 

as a ‘basic script for questioning’ and then ‘probe further’ to gain a deeper understanding of the 

system (Sharpe, Rogers and Preece, 2006).  

3.6.2 Worksheets, Diaries and Eureka’s 

The DPs entered data about the socio-technical system into the worksheets for each theme. Diary 

pages allowed thoughts and reflections to be captured about learning, with eureka notes 

recording moments of clarity about something new. The diary pages and eureka sheets were 

used and compared with the data from DP semi-structured interviews (Rieman, 1993). This 

helped to review the modelling and gain insight into DP thoughts and reflections on learning DiCoT. 

Data was extracted from the workbooks to explore DiCoT being used as part of situational 

analysis for control room design standard 11064. 

The following analysis steps were carried out to understand how the workbook enabled learning: 

• Data from the modelling for each theme was compared to try and understand what 
differences there were between the DPs knowledge of the system. 

• The diagrams created during modelling were reviewed and compared. 

• Notes made by DPs in the various workbook tables were compared. 

• An analysis was carried out to gain an understanding as to the extent of familiarity or 
knowledge DPs had gained on DiCoT principles. 

The following analysis steps were taken to understand how DiCoT techniques enabled 

understandings about the socio-technical system: 

• The data from modelling each theme was compared across all three sites to define 
common EOC features and differences. 

• The diagrams created during the modelling were reviewed and drawn up to further 
explore the socio-technical system. 
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• Notes that were made in the various tables were extracted to form the basis for 
tabular analysis. 

The diary pages and eureka notes from all three practitioners were reviewed to identify where 

comments revealed DPs awareness of their presuppositions, choices and experiences during the 

research process (Ortlipp, 2008). This helped gain an understanding of how taking an AR 

approach to the site works complemented the study.  

3.6.3 Reflective Sessions and Post Study interviews with Design Practitioners 

Reflective sessions were aimed to facilitate the capture of data and run as a mix of individual and 

group activities. DP1 would ask the other DPs about what they were finding out and made notes 

about their observations. DPs were encouraged to be reflexive (Ortlipp, 2008) and talk openly 

about their experience, discuss positive and negative observations and how the process was 

changing them as practitioners. These sessions allowed DPs to develop their thoughts and ideas 

and expand their data gathering and workbook entries. Reflective sessions were carried out on 

site and after by telephone. Due to the gap in time between site visits three and four, a separate 

reflective group session was arranged to review the process and define adjustments to the 

workbook before the final site visit. 

Once all of the site visits were completed, a final semi-structured interview was run to ask probing 

questions of the DPs. This not only reviewed the information collected on the socio-technical 

system, but also consolidated the diary and eureka notes entered by DPs and hardened the data 

(Rieman1993). The data was reviewed and DPs were asked to reflect on what they had written in 

the first workbook, and compare this to notes and reflections in the second and last workbook. 

They were asked to think about their initial experience running DiCoT and how their opinion of it 

changed across the site visits. See table 3 below for questions.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3: Questions used during post site, semi structure interviews 

 	  



  27 
 

4.0 RESULTS	  OF	  USING	  A	  WORKBOOK	  TO	  LEARN	  DICOT	  	  
The workbook results section compares the first, second and third site visit experiences across 

DPs. It also captures comments on workbook formats, to improve the language and layout of the 

information and modeling sections. The discussion often uses direct quotes from workbooks, 

without correcting grammatical errors with some comments paraphrased and tidied up.  

4.1 Comparing First Site Visits, Workbooks, Diary Entries and Eureka Notes. 

4.1.1 Workbook Content 

DP1 noted in his diary that previous experience of control room studies enabled the use DiCoT 

whilst reflecting on DP2 and DP3 experiences (Figure 13, p.28). Both DP2 and DP3 felt 

overwhelmed initially, and DP2 wasn’t sure about the workbook purpose, confused by the mix of 

briefing material, theme sections, diary pages and eurekas.  

DP1 found the workbook very successful and noted the following eureka: 

• Having the history of DiCoT in the workbook is useful and comparing information from 

original DiCoT LAS study, provides depth of understanding. I looked back at this much more 

than expected.  

DP2 was initially very critical, finding an apparent lack of clarity in the briefing section. DP2 found some 

of the DiCoT principles difficult to apply, and made the following diary entries: 

• I cannot find a clear explanation as to what this is for and what it can help me to achieve. 

• Concepts of themes and models are difficult to relate to. DP2 was confused by subtle shifts 

in briefing language e.g. ‘themes’ turning into ‘models’ was probably a difficult concept to 

understand without formal HCI training.  

DP3 was less critical and more reflective, writing the following in their diary: 

• More time was needed to read and digest the briefing.  

• More emphasis should be placed on the idea of just start sketching and exploring. 

This suggests that the briefing could be improved for novice practitioners, to define a better 

match with the concept of starting a journey of learning through exploration.  

4.1.2 Workbook Layout and Language 

DP3 was more critical of the workbook layout and found three separate sections too complicated, 

making the following points in their diary: 

• The briefing material could be at the end of the workbook, since it will only be used as a 

reminder once read or studied. DP3 wants a more focused workbook for running the 

models and collecting data. 

• It’s too cut up and steps are too difficult to follow for the first time user (Figure 14, p.28).  

• During interviews, staff tend to touch on different things and it is impossible to navigate 

through pages so fast. DP3 is providing a clear critique that the format and layout of the 

workbook, has an affect on running DiCoT. 

DP2 noted in their diary that “The page is small and with a large room it will be difficult to note details.” 

Building a focused workbook as a project resource had advantages. The resource could develop over 

time and had a more cohesive feel than using a standard paper notebook. Specific resources 

perceived as useful for the practitioner team can be included and this pushes you to sketch with 
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clearly defined areas to be filled in. The initial site visits showed that the language needed improving for 

novice DPs. There was confusion between the ideas of ‘themes’ and ‘models’ and a better explanation 

of the concept of ‘modelling’ is needed, as identified in (Blandford et al, 1998).  

 

 

Figure 13: Diary from DP1 showing learning observations. Figure14: Diary Page DP2 discussing book arrangement
          

4.1.3 Principle Frequency and Quality Analysis 

A worksheet of DiCoT principles was included to help initial application. DPs found using the 

principles difficult during staff discussions, although they were able to begin noting examples quite 

accurately. DP2 made the following diary entries: 

• Started to think about the principles and found some to be repetitive. 

• “This sheet helps me understand what the principles are in theory, but I do not know how to 

ask questions to be able to identify what I need to know”. 

Table 4, p.29, shows the frequency of the DiCoT principles noted for each theme across the DPs. A 

total of 51 examples were recorded and only counted if considered accurate.  

  

  

 

DP1          DP2 
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Table 4: Principle frequency across themes from DPs first site visits 

An important measure of effectiveness for the DiCoT principles is the quality of examples. DP1 

had been studying DCog for some time and was able to record accurate examples across all 

three themes. Both DP2 and DP3 were unfamiliar with DiCoT, although through using the 

workbook, were also able to begin recognising principles. DP2 focused on the physical model and 

DP3 both physical and information flow models. Table 5 shows some of these comments and 

their apparent quality, with an example selected for every DiCoT principle commented against. 

From table 5 we can see DP2 noticing the EMAs (Call Takers) status display against DiCoT 

Principle 2, spatial representations, stacking name icons in order of their readiness and DP3 

noting that the dispatchers drag and drop ambulance icons on to the job, supporting memory 

against DiCoT Principle 1 space and cognition. These examples are correctly described and would 

suggest that using the DiCoT principles as a checklist was an effective approach to begin learning 

about DCog. A complete list of all examples collected during site visits has been included in table 

12 (Appendix C, p.63-68). 

 

 

Table 5: Quality of DP2 and DP3 DiCoT principle examples from the first site visit. 
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Figure 15: DP1 and DP2 first site visit physical modelling 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16: DP3 first site visit physical modelling 

DP1                           DP2 
  

DP1            DP2 

DP3 
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4.1.4 Diary and Eureka Note Reflections 

DP1 observed DP2 and DP3 with their struggle to use DiCoT during their first site visits. 

Regardless of their initial criticism, both DP2 and DP3 began using the modelling tools effectively, 

making use of the physical model to begin sketching the room layout (Figure 15 & 16 p.30). DP1 

and DP3 make more use of a narrative description than DP2. The workbook is starting to show 

differences between DPs with DP2 less interested in narrative than DP1 and DP3.  

DP1 and DP2 sketch an information flow model and applied the DiCoT principles of Buffer and 

Filter for the first time (Figure 17). DP3 also completed an initial information flow diagram without 

noting the DiCoT principles of Buffer, Hub or Filter and then identifies these properties on a 

second diagram (Figure 18, p.32). Being able to understand the concept of using Buffer, Hub or 

Filter defined in the DiCoT ‘principles’, as the ‘properties’ for the information flow modeling is 

important. DPs found understanding the difference between these two terms difficult and this will 

need a more robust explanation in the future.  

DP1 and DP3 fill out properties and communication channel tables (Figure 38, Appendix B, P.59). 

DP1 manages to list out all elements for their diagram, clearly identifying a “Decision Hub” and 

“EMA to Dispatcher” communications channel with the following notes: 

• P2: The dispatcher picks up the job and decides what resources to send, then make their 

decision based on availability. The property is clearly marked ‘P2’ in figure 17. 

• C2: The EMA is collecting information, and once the location/complaint has been 

determined, the job is sent to the correct sector by the system. The communications 

channel is also clearly marked ‘C2’ in figure 17. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17: DP1 and DP2 first site visit information flow diagrams 
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Figure 18: DP3 first site visit information flow diagrams 

DP3 also identifies the same property as DP1, clearly using the word ‘deciding’ and a 

communication channel (Figure 38 Appendix B, p.59), with the following notes: 

• P2: Dispatchers deciding to send crew according to location and availability. The property is 

clearly marked ‘P2’ in figure 18. 

• C2: Communications Channel (2) Dispatcher receives the filtered information. The 

communications channel is clearly marked ‘C2’ in figure 18. 

DP1 is able to complete the information flow model, clearly helped by their level of experience. 

Although DP3 made notes at the top of their sheet, “confused between principles and properties” 

(Figure 38, Appendix B, p.59), they do draw an effective information flow model. Their notes reflect 

the concepts being explored and this is clearly a success of the site visit. DP2 also completes an 

information flow model, although doesn’t make the same notes as DP1 and DP3, so it is much 

harder to assess their understanding.  

DP3 made some eureka entries about their initial learning: 

• It’s an easy concept once you get used to the ideas, although hard for the first time user. 

• “Finally understanding the roles and jobs made everything fall into place”. DP3 mentioned 

that through DiCoT they had learnt about staff roles and this was an important part of 

understanding the socio-technical system. This is evidence that running DiCoT supports 

situational analysis as part of 11064 and shares important concepts with task analysis, e.g. 

the need for practitioners to understand users and their tasks. DiCoT allows this 

DP3a       DP3b 
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understanding at a higher level of observation and is a useful precursor to a more in-depth 

study with task analysis. 

DP1 and DP3 also made use of the artefact model, to draw a diagram with several descriptions 

(Figure 39 Appendix B, p.60). DP1 models the Computer Aided Dispatch System (CAD) and EMA 

status board. Reference is made to DiCoT Principles15 and17 from the artefact model. DP1 notes, 

“this is an explicit representation of the current state and goal state” (Figure 39 Appendix B). DP3 

makes some relevant notes although doesn’t mention actual DiCoT principles.  

The following key points were learnt from the first site visit: 

• Having a bound workbook with a mix of briefing material and worksheets was successful. 

• All three DPs were able to begin using the DiCoT themes and carry out modelling activities. 

• Using the DiCoT principles as a worksheet to note examples was an effective way to begin 

learning. 

• The workbook briefing section was less than successful and should explain some basic 

concepts e.g., that sketching is considered to be modelling concepts.  

• The layout of the workbook was important, and the position of themes affected efficient 

access to principle worksheets during interviews. 

4.2 Comparing Second Site Visits, Workbooks, Diary Entries and Eureka Notes 

The workbooks from the first sites were collected and new blank versions handed out. The second 

site visit for DP1 and DP2 was difficult due to EOC workload. DP3s second site visit was at a different 

site using an improved version of the workbook. 

4.2.1 Workbook 

DP1 was learning more about how the workbook could be used to facilitate team learning. There 

were benefits of having first hand sketches and notes to discuss concepts and certain DiCoT 

activities enabled learning, as reflected in the following DP1 Eurekas; 

• The workbook examples work well to help DPs understand concepts.  

• “The room layout exercise is an easy starting point that gets the team moving”.  

DP1 noted this after discussing concepts using the workbook as a prompt and observing DPs drawing 

the room layout. There were fewer comments about the workbook content as DP1 and DP2 were 

using the original workbook for their second site visit and coping with a busy EOC. DPs felt that 

improvements could be made to the adjacency of information and modelling worksheets. For DP3’s 

second site visit, a double page spread was introduced to improve adjacency and briefing material was 

placed towards the back. This grouped the three theme worksheets together, improving access, 

cohesion and usability.  

DP3 continues to make notes about the workbook, discussing the concept of prompt words in the 

following Eureka: 

• “Prompt words are important to help draw out more relevant information from a diagram”.  

DP3 explains that they discovered this by: 

• Looking at the sample layout and notes to remember what to include in the explanations, 

because I couldn’t remember what was relevant. 
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Although grouping the three worksheet sections together was successful, the briefing material still 

divided the diary sections from the worksheets and this was less than satisfactory. 

4.2.2 Principle Frequency and Quality Analysis 

Table 6 shows the frequency of the DiCoT principles noted for each theme across the DPs. A 

total of 18 examples were recorded. EOC workload probably constrained the noting of principle 

examples during the second site visit for DP1 and DP2. DP2 made the following diary entries 

about principles: 

• DP1 has asked a question about Principle 6, but he is only able to do this because he is 

familiar with the physical model. 

• “Principle descriptions are wordy and need simplifying, although sinks in after time”. 

DP2 is still struggling to use the principles as a basis for questions and comments on DP1’s 

familiarity with DiCoT.  

 

 

 

 

Table 6: Principle frequency across themes from DPs second site visits 

Although DP2 and DP3 make far fewer notes against DiCoT principles, they are still quality 

examples. In table 7 we can see DP2 noting the Emergency Medical Advisor Team Leader 

(EMATL) walking over to an EMA to plug in and listen to a difficult call, as a form of subtle bodily 

support. The EMATL, could have listened in at their workstation, but was providing more 

support by physically standing along side.  

 
 

 

 

 

 

 

Table 7: Quality of DP2 and DP3 examples from the second site visit 

4.2.3 Diary and Eureka Note Reflections 

All DPs continue to make comprehensive use of the physical modelling. DP3 adds detailed notes on 

their drawing (Figure 40, Appendix B. p.60). The idea of the physical model being an ideal entry point 

into DiCoT was confirmed during post site interviews with DP3 commenting: 

• I was initially walking around blind and that a first time visitor, couldn’t do an information 

flow diagram without talking to staff first. DP3 then concluded that doing the “room plan 

drawing gave you access to the place”. This is evidence that DP3 is actually modeling 

through the room plan, learning about the socio-technical system, not just doing a 

drawing. 
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Figure 19: DP2 fills out the input output diagram 

DP1 continues to use the flexibility of the information flow model and explores dispatch geography 

with west and east dispatchers (Figure 22 and 23, p.36). DP2 also develops their understanding of 

the information flow model, connecting the input/output diagram with properties and 

communications channels. Their high level information flow model can be seen in Figure 19, 

complete with a 999 call as input with priority, location and urgency as system factors and a crew 

as the output, making the following eureka note: 

• “Input output diagram combines with information flow diagram”. This is clear evidence that 

DP2 has gained an understanding of the information flow model, enabling their 

understanding of the socio-technical system.  

All three DPs make use of the tables to capture actors and roles to help model (Figure 41 

Appendix B, p.61) 

 

Figure 20: DP2 Information flow models, site visit 1 and site visit 2 

If you compare DP2 information flow models from site visits 1 and 2 (Figure 20), there is 

evidence of an increased understanding of information flow. The site visit 2 diagram shows the 

word output, next to ambulance resources with filter and buffers mentioned. There is also 

recognition of dual systems being run, with the NHS Pathways1 shown as a separate artefact 

for triage. This shows DP2 combining new knowledge of the EOC socio-technical system. DP2 is 

beginning to realise the relevance of DiCoT for gaining knowledge and makes the following diary 

entry: 

• “I think asking people simply how the layout works does not give enough information” This 

comment is based on previous experience of asking task-based questions, to understand 

room layouts. 

DP2 is being reflexive and thinking about how their previous values, opinions and judgments shaped 

practice and learning about the limitations of previous task based methodologies. 
                                                
1 NHS Pathways is a clinical assessment tool for triaging telephone calls from the public. 

1
 
 
 
 
 
 
  

2
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Figure 21: DP2 initial artefact modelling 

DP2 makes use of the artefact worksheet, to model the CAD system for the first time. They are 

exploring the display as a mediating artefact, recognising how various changes are shown. Figure 

21, shows part of this sketch with patients as black triangles and movement lines. The following 

notes can be seen on the full sketch (Figure 43 in Appendix B, p.61): 

• Stood down goes dark blue after triage with Paramedic Practitioner, (DP2 Noticing the 

change in colour based on triage status). 

• Every pending ambulance goes on map, (DP2 noticing the movement of information). 

• Colour of resources goes same colour as the call on screen, (DP2 noticing transformations). 

DP1 also accompanied DP3 to their second site visit and made use of the time to explore the models 

further. DP1 expands the dispatch geography into area decision hubs (Figure 23), as opposed to the 

east and west arrangement from their second visit (Figure 22). DP1 explores the flow of information, 

representing this as orange lines to show how calls are filtered and then sent to relevant dispatcher and 

associated buffer roles (See figure 23). This observation seems to bring the information flow modelling 

to life.  

Figure 22: DP1 West and East RD decision hubs  

      

        Figure 23 DP1 area specific RD decision hubs  

Despite DP3 noting difficulties with running some of the models, DP1 made a Eureka note about DP3 

asking one of the EMAs “if they were performing a filter role”. This is evidence that the DiCoT principles 

are becoming part of a new language to understand the system.  

DP1 also makes the following Eureka notes about using the workbook as a learning tool: 

•  The info flow model is an excellent tool for discussing how the room works with DPs.  

The workbook is more than just a collection of notes and resources; it is a checklist of progress 

between DPs. What is becoming apparent is that the DiCoT workbook enables group learning and 

DP1 
 DP1 
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sharing. There is strong evidence that DP2 and DP3 are learning about DCog through the DiCoT 

workbook. DP2 has now made use of all three models and DP3 has used the first two effectively, 

making the following diary entry: 

• “The forte of the workbook is that the different ways of collecting the same data type are 

overlapping, giving more accurate results”.  

DP3 clearly states that DiCoT is allowing them to take different views of the socio-technical system by 

using the framework to explore the three themes, matching the findings in Yin, (1994).  

The following key points were learnt from the second site visits: 

• The workbook is an excellent team learning resource that enables collaborative 

understanding of the socio-technical system. 

• Further work may be needed to explain DiCoT principles through the use of language. 

• Some examples could be related to several principles and this caused confusion. 

• Grouping theme worksheets together improves cohesion and access. 

• Reference material should not divide worksheets, diary pages and eureka notes. 

• The physical model is an ideal entry point to using DiCoT, as it is easy to begin sketching. 

• DPs show an increased understanding of the physical and information modelling. 

• DP2 learns that DiCoT principles can be used to generate questions. 

4.3 Comparing Third Site Visit, Workbooks, Diary Entries and Eureka Notes 

4.3.1 Workbook Design (See Appendix E for Final Arrangement, p77) 

For the last workbook, the reference material was moved to the front as part of the briefing. This 

grouped the three workbook themes, diary and eureka sections together. Sketching and noting 

space was increased and a hardback cover added. As part of improving usability, double page 

spreads where introduced for worksheets (Figure 24). Diary and eureka notes were introduced at 

the bottom of each page although this was not successful. The layout of the workbook continued 

to be debated with issues to be resolved.  

 

 

 

 

 

 

 

 

 

 

Figure 24: Example of a double page spread for the information flow model 



  38 
 

During the post survey interview, the DPs were asked if they could remember the changes made 

to the workbook and comment on effectiveness. DP2 felt improvements were made with the 

following comments: 

• We changed the layout and put the relevant drawings together on a double page. This 

allowed us to see the theory on one side while filling the other, nice and clear.  

• The beginning was made shorter, explanations easier to understand and less wordy.  

• It was more usable and the layout is more logical.  

• Added some diary entries at the bottom of the page, although I used it only once.	   

DP3 felt that the complexity was about right and remembered the following: 

• We put two pages together, for instance information flow combined with principles.  

• Made the back cover a bit harder for sketching.  

• Made bigger space for drawing and had the writing on the other side.  

• Placed eureka reports and diary onto the main pages at the bottom.  

• Altered introduction at the beginning and highlighted the most important words. 

All three DPs increased their understanding of the DiCoT workbook and principles. They were able 

to reflect on the process of learning and how the workbook could be shaped further. Moving the 

briefing section to the front did improve the workbook, although this needs more work to provide a 

single discussion across themes.  

4.3.2 Principle Frequency and Quality Analysis 

DP1 observed DP2 and DP3 increase their understanding of the DiCoT principles. Table 8, p.39, 

shows the frequency of principles noted for each theme on the final site visit with 75 examples 

recorded. This is an overall increase of 47% from the first visit (Table 4, p.29). DP2 now notes 8 

information flow principles and DP3 increases the principles noted across these two themes. 

Both DPs now note artefact model examples with DP2 providing the most consistency across 

themes. Table 9, p.39, shows an example selected for every DiCoT principle, showing continued 

quality of DPs thoughts. DP2’s early critical view of the DiCoT workbook and principles has clearly 

changed and they now understand the relevance for observing the system. DP3 is now able to 

understand how DiCoT principles can be used during interviews. The DPs made the following 

eurekas during the third site visit: 

• DP2: I realised that the principles are spread across the three models, and this can be used 

to build up a picture of the room. 

• DP3: Asking questions during the interviews based on principles helps direct information and 

acquire useful data. 

This is a real success and would suggest that DPs have learnt about DCog through observing 

DiCoT principles. This is further confirmed by the following diary entries: 

• DP1: “The principles are starting to have real meaning to all three of us”.  
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• DP2: Went through the principles on the way here, they are divided into sections and can 

be used to create three models. 

• DP2: “By reading the principles over and over again, one can become familiar and 

understand that no specific questions are needed, with notes taken from the conversation”. 

 

Table 8: Principle frequency across themes from DPs third site visits 

 

 

 

 

 

 

 

 

 

 

 

 

Table 9: Quality of DP2 and DP3 examples from the third site visit 

During the post site interview, DP2 reflects on their initial confusion and how they changed their view 

about the relevance of DiCoT principles: 

•  “I just didn’t understand what to do” and “I wanted questions to get answers and now I 

understand that you extract that from conversations”. 

• After practicing and learning the principles several times, it becomes clearer that they are 

enough to begin generating questions. 

4.3.3 Diary and Eureka Note Reflections 

The team now had a deep feeling of participation on their journey of learning and development. 

The physical models had more cohesion at the final site visit, as the three DPs were working more 

collaboratively (See figure 25 and 26 p.40).  

 

 DP1 
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Figure 25: DP1 and DP2 physical models from Site 3 showing close collaboration 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 26: DP3 physical model from Site 3 showing close collaboration 

DP3 
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Figure 27: The information flow models by DP1 and DP2 showing collaborative working  

DP1 continues to develop a structured information flow model, exploring the geographic dispatch 

areas for site 3 (Figure 27) and (Figure 45 Appendix B, p.62). This creates a model with 5 separate 

Resource Dispatchers (RDs) and Crews (CRs). DP2 also draws a more structured model than their 

previous attempts using singular representations (Figure 27). DP2’s model uses a higher level of 

representation than DP1s, but again shows a cohesive view of the system. DP3 also explores 

dispatch geography with their model (Figure 46, Appendix B, p63). This is a good example of DCog 

scalability and flexibility, depicted through the DiCoT framework and evidence of collective 

understanding between DPs.  

The 18 DiCoT principles have been a foundational element of the workbook and a constant source 

of discussion. They are the building blocks of DiCoT and form a connection between the three 

themes. All DPs had become more reflective and were very positive about taking DiCoT forward to 

enhance their commercial practice as highlighted in their final diary entries: 

• DP1 “The information flow model is a great discussion prop for the team, to reflect and 

gain a shared understanding of the socio-technical system”. 

• DP1 “Because we are using a workbook, the team see their notes as having more value”.  

• DP1 “By making the workbook important but notepad like, it motivates staff in a way I 

wasn’t expecting”. 

• DP1 “The workbook becomes an artefact in its own right”. DP1 feels that site visit data 

becomes more valuable when combined with a collection of thoughts and observations 

about the system. 

• DP2 “I like the way we get to reflect every time after every discussion, the reflection time 

gives you more information than trying to remember what was said later”. This comment 

was validated, because the DiCoT themes became common talking points and helped the 

DPs develop their ideas and add further information during reflective sessions. 

DP1 
 

DP2 
 

DP1 
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• DP3 “De-briefing Lunch, discussing issues, ideas, writing down notes, clearing 

misunderstandings, planning the rest of the afternoon”. DP3 discussing the value of de-

briefing and developing their ideas using the framework. 

DP1 ran post site semi-structured interviews with DP2 and DP3, to capture further thoughts 

about using the DiCoT workbook. As part of this session, DPs were asked to remember key parts 

of the framework. Both DPs were able to recall all three themes, although when asked if they 

could remember any of the DiCoT principles, there was a difference in emphasis: 

• DP2 recalled spatial representation (Principle 2), naturalness (Principle 3), subtle bodily 

supports (Principle 4) and situational awareness (Principle 5) from the physical model. 

• DP3 recalled information movement (Principle 8) and transformation (Principle 9) from the 

information flow model. 

During the interview, DP3 expressed a clear order of priority with the information flow model 

being most useful, followed by the roles and layout. DP3 couldn’t recall any of the properties from 

the information flow model although DP2 recalled, filter, information hub and buffering. Both DPs 

could explain that DCog was distributed cognition, although only DP2 could explain that DiCoT 

“was a way of studying it”. 

The following key points were learnt from the third site visit: 

• The workbook sections should be kept together with diary pages and eureka notes. 

• Further improvements are required to the introduction section. 

• Make use of double page spreads to support adjacent data entry for all models. 

• DPs now had an understanding of how to use DiCoT principles effectively for data 

capture, defining questions for staff interviews and making observations about the room. 

• DPs had grown their understanding of DiCoT as a team and there was evidence of 

shared learning and understanding of DiCoT and the socio-technical system. 

• DiCoT tools provide a framework for flexible scalable modelling. 

• Team learning of DiCoT was enabled by reflection through the diary and eureka notes. 

• Taking a reflexive approach helped DPs understand how DiCoT made demands to 

change their existing philosophy of task based design practice.  

5.0 RESULTS	  OF	  USING	  DICOT	  FOR	  11064	  EOC	  SITUATIONAL	  ANALYSIS	  	  
The ambulance trust awarded the EOC design contract to others and effectively ended the 

commercial element of this study. In order to explore the key research questions, further DiCoT 

modelling was carried out and a better understanding of how DiCoT can support the situational 

analysis of 11064 was established. Design recommendations were also successfully defined, and 

this section shows the results of how DiCoT can be taken forward into commercial practice. 

5.1 Analysis of the Models for 11064 

Building DiCoT models of the three EOCs created a new understanding of the socio-technical 

system. The process highlighted the very real physical differences between each site, whilst at the 

same time showing the cohesive structure of EOC operations. Evidence for this is that the three 
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EOCs can only be described with three distinct physical models (Figure 28, and figure 47 in 

appendix D p.69), although expressed with a single ‘higher level’ information flow model (See figure 

30, p.44).  

 

Figure 28: Details from physical models drawn up for EOC 1,2 and 3 

The information flow model became the central reference for the analysis. Figure 30, p.44, 

shows a final diagram that combines the properties of Filter, Hub and Buffer with 

communications channels, whilst maintaining separate tabular narratives, for the two different 

views of the information flow model (Figure 30, p44). The information flow model was a very 

flexible tool, as several versions with different levels of granularity were defined. The east and 

west dispatch version was used for the final analysis, although a lower granularity of geographic 

dispatch areas was available, e.g. Chichester, Worthing, Brighton Dispatch Decision Hubs 

(Figure 27, p.41). The discovery, that all three EOCs used ‘east and west’ orientated dispatch 

areas, hadn’t been highlighted in previous task based work for the Ambulance Trust. Running 

further DiCoT modelling after the site visits, allowed a greater understanding of the meaningful 

relationships between all actors, system elements and shared artefacts.  

 

 

 

 

 

 

 

 

 

 

 

Figure 29: High level information flow models 
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Figure 30: Information flow diagram at the east and west resource decision hub level 

 

 

 

Figure 31: Excerpts from properties and communications channel tabular analysis 

DPs learnt how patient information is initially filtered, then transformed and propagated in different 

ways to enable an effective medical response. The following ‘high level’ information flow models were 

drawn up to help with the situational analysis element of 11064 (Figure 29, p.43): 

See table 15 in 
Appendix D, p72, 
p73 for more 
detail. 
 

See table 14 in 
Appendix D, p.71, 
p72, for more 
detail. 
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• 1) EMA medical triage filter where a 999 call is triaged and patient info is transform into 

location, complaint and priority. 

• 2) The dispatch decision hub where patient priority and location is transformed into a resource. 

• 3) EMA call handling buffer, where ‘on call’ status, is transformed into ‘wrap up’ and ‘ready’. 

• 4) The dispatch buffer, where resources and geography are transformed into emergency ‘cover’ 

moves.  

The information flow modelling also improved the practitioners understanding of the clinical element 

of the EOCs. It became apparent that the clinicians were an actual hub in their own right, and were 

more related to the EMA team than previously understood. There were three different physical 

models of clinical hub and none were entirely successful.  

The following key learning points were confirmed running the further analysis: 

• New understandings of dispatch geography and clinical teams. 

• The information flow model is a flexible tool, which can be adjusted to various levels of 

granularity. 

• The models could be formulated quickly from the site data using drawing software. 

• DiCoT allows practitioners to maintain focus on more meaningful levels of observation, 

compared to modeling using hierarchical structures of task analysis. This is because the unit 

of analysis encourages practitioners to see the socio-technical system as a whole, rather than 

a dense set of decomposed sub steps. 

Figure 32: Two 30-second views of the EMA status display 

Further artefact modelling helped to shape understandings of the EOC system. The computer 

aided dispatch (CAD) system was subject to artefact discussions, as were some of the 

performance displays (Table 16 appendix D, p.74). The Emergency Medical Advisor (EMA) status 

display was discussed and selected for further modelling as part of the analysis. Figure 32 shows 

30 seconds of activity, with a steady build up of emergency calls. The EMA display is a mediating 

artefact (DiCoT Principle15), because it is used to coordinate EMA status with EOC demand. 

EMAs are shown as coloured rectangles in vertical stacks. There are 5 possible states, with ‘On a 

call’ the 1st red column, ‘Ready’ the 2 nd lime green column, ‘Wrapping Up/not ready’, 3rd dark 

green with ‘unavailable’ 4th purple, orange and black. The display visually transforms every time 

there is a change in status, with those at the top of the column representing the longest time in 
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that status. The display supports the Emergency Medical Advisor Team Leader’s (EMATL) 

cognition with explicit representations of goal parity (DiCoT Principle17). The EMATL’s primary 

goal is supported by ensuring that there are always lime green rectangles on the display, as this 

means that there are EMAs ready to take the next 999 call (See figure 50 and table 17 in 

appendix D p.74 for more detail). With DiCoT, artefacts are no longer isolated elements of the 

system and simple diagrammatic representations can be drawn up and applied to a room layout 

model (Figure 33, and 34 p.47). This provides a link between the physical and information flow 

models and the idea to combine these two themes came out of modelling on site (Figure 44, 

Appendix B, p.62). 
 

 

 

 

 

 

 

 

 

 

 

Figure 33: Icons devised to represent artefacts in physical models 

The following learning points were established by running further artefact modelling: 

• With DiCoT models, artefacts can be included more effectively in the room layout design, as 

traditional boundaries are removed by changing the unit of analysis (Hutchins, 1995a).  

• DiCoT analysis is very efficient, as the task steps are implicit in the summary of the 

transformation and propagation of information, rather than being explicitly decomposed. 

• Rethinking artefacts in this way allows them to be considered as distributed elements of the 

system as opposed to just isolated objects. 

• DiCoT modelling provides an excellent situational analysis tool, in preparation for further task-

based analysis for 11064. 

• The DiCoT artefact models can be combined with the physical and information flow models. 

5.2 Integration of DiCoT Themes to Model Different Representations 

The different models were then combined to help create a converged understanding of the EOC 

system. This led to various comparative diagrams, showing different types of information movement to 

enable a trust wide view and localised understanding of the system. 
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Figure 34: Final EOC 1 physical model with artefact icons 

Running the DiCoT framework seemed to support an easy movement between lower individual 

EOC functions and the higher level trust wide system (RQ2) (Figure 34 above and figure 36, p.48). 

Combining the modelling to explore the system, has the potential to enhance the task based ‘link 

analysis’ process as part of room layout design (RQ3). DP2 recorded the idea to combine the 

physical and information flow models in their diary during site visits: 

• Once I have drawn the information flow model I would then build up a layout based on that, 

as you would know that they were simply connected. This shows DP2 moving forward 

from their established theory and technique (Schon, 1983, p.68) 

 

Figure 35: Roles artefacts and information flows, combined with the physical model 

a

a aa

a
a

a

a a

a a

a a

a

a

a

a

a

a

a aa

a

a

a

a
No spec

News

a

a aa

aa
a

aa

a

a

a

a

52.4

a

a

a

a

Maj Board

a aa

Personal

a

a aa

EOCMEMATL

RDMe

RDSpare

12:05: 12

RDCht

RDGui

RDRHill

RDCra

RDRes

12:05: 12

No spec

1-2-3

IBIS

EMAs
EOC Files

Notice

Hospital
Status

Plant

Print
Fax

DTL
East

DTL 
West

PP

CSCS

HEMS

EMAs 
Status 
Board

System 
Status
Plan

Trust EOC 
Performance

Label Label Label Label

aaaaa
Action 
Cards

Clock

Staff Files

No spec

News

aaa1
1

1 1
1

1 1
1

1

aaaaa a

12:05: 12

Clock

Label Label Label Label

Info

EOC Numbers
and staff breaks

aaa

1
1

1

Cardiac
counter

Med
Store

EOC 1



  48 
 

The information flow models 1-4 (Figure 29, p.43) were applied to a single EOC for a typical 999 

call (Figure 35, p.47). Combining models in this way is very useful because it naturally involves all 

relevant actors and artefacts to provide an excellent integrated briefing for conceptual design 

workshops. This is a very strong finding in support of RQ2 and RQ3. The DiCoT modelling supports 

practitioners in maintaining focus on more meaningful levels of observation. This is achieved by 

looking at how parts of the system worked together as opposed to hierarchical task 

decomposition. DiCoT avoids the potential ‘deep dive’ into task steps required by task analysis and 

provides an efficient level of focus for the situational analysis element of 11064 (RQ2).  

EOC performance and cross border sharing representations were overlaid on a physical model of 

the three EOCs (Figure 36). Trust performance is distributed on shared displays, shown with 

connecting black ‘zig zag’ lines. Cross border sharing is shown as coloured lines, joining the 

related dispatch decision hubs, described as trust wide representations ‘patients-resources-

geography’. This shows how separate EOCs work together, sharing knowledge and resources, 

providing a coordinated trust wide response. A benefit of the DiCoT models from a commercial 

perspective is that it enables both a top down and bottom up view of the socio-technical system. 

Being focused on the flow of information, would open up the potential to discuss new integrated 

models of interaction, combining physical links in each local EOC with HCI links across trust wide 

EOCs.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 36: trust wide distributed representation model 

This high level view was not established from previous task based ergonomic projects for the trust 

and is a real benefit of running DiCoT (RQ2).  

The following key points were learnt: 

• Patient information is filtered and transformed in several different ways. 

• DiCoT supported easy movement from high-level trust wide system to lower level EOC system 

functions. 
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• The three DiCoT themes could be integrated to provide powerful models, to show different 

types of information transformation across the physical room layout. 

• The integrated DiCoT models will provide an excellent 

client briefing for conceptual design workshops. 

5.3 Reasoning about Redesign  

All three EOCs have real problems with room layout restricting 

staff interactions and this has been highlighted on previous 

ergonomics studies. The causes of this are well documented, 

being a combination of poor furniture layout and space 

provision, pillars, room shape and size.  

Figure 37: Information flows in preparation for links analysis 

The DiCoT models provide an opportunity to analyse the success of the layout supporting 

operations as part of the situational analysis (11064). The principle that face-to-face links 

between staff that are functionally linked, should be supported is defined in 11064. A task based 

link analysis would normally be run to determine a brief for room layout design. The DiCoT high-

level information flow models (Figure 29, p.43) can be used to assist with this, because they help 

identify functional links between staff, a form of link analysis. For instance, when 1 and 2 are 

applied to the physical model (Figure 37), it shows information movement across the room from 

the Medical Triage Filter to Dispatch Decision Hub. Information flows 3 and 4 are far more 

localised. The flows of 1 and 2 are not really supported by the room layout, because staff are 

facing away from each other.  

 

 

 

 

 

 

 

 

 

 

 

Table 10: Claims analysis of room layout changes 
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By applying the DiCoT information flow modelling to the physical model, this enables the making 

of design recommendations for a future EOC reconfiguration, using a claims analysis (Rosson & 

Caroll, 2002) as summarised in table 10 p.49. Using DiCoT information flow models to analyse 

seated interactions was very efficient and could be used to enhance a more detailed task based 

links analysis study supporting (RQ3). 

 

 

 

 

 

 

 

 

 

 

 

 

Table 11: Claims analysis for other design features identified during modelling. 

Further design recommendations were defined in relation to the HCI subsystem and were also 

subject to a claims analysis (Rosson & Caroll, 2002) (Table 11). A video chat solution was 

defined based on issues identified by the physical model. This has the potential to improve face-

to-face contact between EOC staff on the workstation HMI and combat the problems identified 

with room layout arrangements. Running the artefact model helped identify other possible 

improvements to shared displays and on EOC computer based sub-systems.  

The following key points were learnt from using DiCoT to reason about redesign: 

• Combining models was a good way to assess how effective current arrangements where. 

• DiCoT models would provide a strong brief for running a link analysis as part of 11064. 

• The models allowed analysis to be carried out away from EOC sites. 

• An integrated analysis was possible across the room layout, actors and artefacts. 

• DiCoT’s ability to push beyond pure description supports the commercial application of DCog 

theory. 

6.0 DISCUSSION	  

This section reviews the findings of the study against the research questions. RQ1 aimed to 

prove that a DiCoT workbook tool would enable engagement and learning during the 

commercial application of DCog. RQ2 stated that DiCoT would support situational analysis for 

11064 and RQ3 DiCoT to enhance the recommended task analysis. RQ4 was aimed to find out 

if using DiCoT supported reasoning about design on a commercial project. 
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6.1 The Success of the Workbook (RQ1) 

The workbook allowed the DiCoT themes to be set out along with relevant supporting material 

and provided the DPs with a focused tool. This reduced the problems discussed in (John & 

Packer, 1995) and (Berndt et al, 2014) in relation to knowing where to begin and difficulties 

with novice practitioners having to make sense of background research papers. The two less 

experienced DPs had no prior knowledge of DCog or DiCoT, although were able to begin applying 

DiCoT principles on the first site visit. There was good evidence that the workbook supported 

simultaneous learning of context and framework, although the struggle facing novice 

practitioners was once again confirmed (Berndt, Furniss, & Blandford, 2014). It must be 

acknowledged that the DPs had worked on control room projects before, and had DP1 as a 

mentor. There is also evidence to suggest that much more could be done to the workbook 

objectives and format to support novice practitioners. 

DP2 was initially very critical of DiCoT’s perceived value to help redesign an EOC (RQ4). DP3 was 

more reflexive; being the least experienced, and focused criticism on how the workbook helped 

communicate concepts and how to improve the layout of worksheets. All three DPs did however 

come away from the first site visit with successful models, new understandings and many 

reflective questions. Despite the initial difficulties, a ‘just start drawing, reflecting and modelling’ 

ethos developed and the workbook really did enable learning and collaboration; a theme 

confirmed further by comparing diaries to post site interviews (Rieman, 1993). Both DPs were 

able to recall the names of themes and some DiCoT principles during the post site interviews. 

DPs could discuss what DCog meant, although only DP2 could explain clearly that DiCoT was the 

actual study framework. The study seems to confirm that little experience was required to learn 

DiCoT with a workbook, supporting the findings in (John & Packer, 1995) and confirmed the 

approach of changing both the tool and project team behavior to fit practice (Spencer, 2000). 

An Active Research strategy was an important feature to encourage group support and help 

DPs cope with the change to established theory (Schon, 1983). All DPs learnt to be reflexive and 

recognised how the process was changing them as practitioners (Ortlipp, 2008). DiCoT should 

be taken forward with these reflective elements to help other novice practitioners relate a new 

DCog perspective to their established practice. Another finding is that the workbooks became 

physical artefacts that the DPs were able to share and discuss (Beyer & Holtzblatt 1998). 

The room layout or physical modelling is a natural entry point into DiCoT. The quantity and quality 

analysis of DPs noting DiCoT principles (Section 4) support this, and show the initial site visit was 

dominated by the physical model. By the time we get to site 3, the focus changes to the 

information flow model. This pattern of learning is further supported by post site interviews 

where the DPs felt that the physical modelling was relatively easy and useful preparation for the 

much harder information flow modelling. DP1 and DP3 felt that this model was central to 

understanding the socio-technical system; and a key finding for taking DiCoT forward, could be to 

use this idea as part of the initial briefings to help define clearer targets for learning. 

Further work is needed on the language of DiCoT to support learning. More guidance is 

required on key definitions and one conclusion from this study would be to have an entry-level 

workbook with a core set of DiCoT principles. More emphasis on the basic idea of sketching and 

modelling to explore DCog ideas could be used for an entry level, conferring with Blandford et al 

(1998) in relation to appropriate representations. The information flow properties of filter, 
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buffer and hub where hard to understand and apply, confirming what was found in (Berndt et al, 

2014). A DiCoT dictionary could be provided at the back of the workbook to encourage a ‘dip in’ 

approach. The format and arrangement of the workbook is important, and keeping all 

worksheets, diaries and eureka notes together for future workbooks should be considered (See 

appendix E). Using a DiCoT workbook is well within the bounds of a commercial project and as 

practitioners become more familiar with the concepts, site work is likely to become more 

efficient. 

6.2 Situational Analysis for 11064 (RQ2)  

DiCoT highlighted the physical differences between EOCs, whilst showing a converged system 

model. Powerful integrated models are created that converge and triangulate the data (Yin, 

1994). An effective comparison was enabled across the three EOCs helping to identify common 

features and differences. This proves that DiCoT would support ‘situational analysis’ as the 

models lend themselves to be compared against each other. The study revealed other findings 

e.g. the extent of the clinician hub and use of east/west orientated dispatch models across all 

EOCs. This was not appreciated from previous task based studies, due to being focused on lower 

level details. DiCoT modelling helped practitioners maintain focus on the socio-technical system 

as a whole, allowing easy exploration between higher trust wide and lower individual EOC levels. It 

is simply easier to find an appropriate level of abstraction with DiCoT (Diaper & Stanton, 2004) 

and the study reconfirmed the apparent flexibility of the DCog unit of analysis (Halverson 2002).  

Modelling Artefacts using DiCoT also proved to be effective and allowed them to be understood 

as parts of one large distributed system. It was relatively easy to understand various equipment 

items as mediating artefacts, without having to go through the rigours of task analysis. The 

artefact model is an excellent situational analysis tool, which would also enhance a task analysis 

process and help designers integrate computer-based artefacts into a cohesive room layout 

(RQ2, RQ3 and RQ4). A key learning point from running DiCoT, is the ability to maintain clarity 

and focus on the socio-technical system, without getting lost in detail.  

6.3 Enhancing Task Based Analysis (RQ3) 

By applying a set of icons from the artefact modeling to the room layout model, this helped show 

the distributed system and movement of information. This could be useful preparation for a ‘link 

analysis’, defining links that are likely to be important for more detailed task investigation, should 

budgets allow. Artefacts can be understood relatively quickly and this has the potential to 

support the identification of critical system elements for further detailed investigation with task 

analysis. The study showed that the information collected using DiCoT has the potential to 

enhance a task-based analysis for 11064. 

6.4 Reasoning about Redesign (RQ4) 

The analysis was used to establish possible design features, which could have been considered 

for the EOC reconfiguration project. DiCoT models were used to understand the usability of 

current arrangements, and define possible improvements to the room layout and artefacts. 

DiCoT allowed familiarisation with the system model supporting design discussions (Beyer & 

Holtzblatt, 1998). The claims analysis (Rosson & Caroll, 2002), was used to review these ideas, 

such as a centralised clinical hub and video chat feature, and an interesting finding of this study 

is that DiCoT can provide integrated modeling, helping to establish design features that solve 
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problems across related themes. DiCoT also enabled the identification of both positive and 

negative design features, and being able to push DCog beyond pure description supports 

commercial application.  

DiCoT would be able to contribute quite effectively to a commercial project. The analysis 

generated a number of design recommendations that would be taken forward to the client as 

part of the concept design phase of 11064. We have a cohesive understanding of how the 

room layout should be arranged to support information flow and this would support high-level 

Ambulance Trust goals of defining a converged room layout solution for their new East and West 

EOCs. DiCoT has also enabled the definition of a HCI concept that could bridge the physical gap 

between east and west EOC sites.  

The current EOC represents a very mature socio-technical model of operations. Identifying 

fundamental improvements to this system is probably more difficult than previous studies, e.g. 

LAS (Furniss & Blandford, 2006). The current arrangements are a result of 15 years of 

performance-based development and fine-tuning. The EOC project was focused on the physical 

reconfiguration of EOCs with no changes planned to technical sub-systems. There are other 

known issues in relation to EOC physical design of workstations, poor cable management, along 

with lighting and the thermal environment problems. An ergonomic assessment carried out 

previously raised these issues. DiCoT is not actually designed to capture this type of information, 

although there are specific parts of (11064) which can be used for this purpose. 

6.5 Taking DiCoT Forward for Commercial Application 

By the time the third site visits were completed all three DPs were challenged to change their 

task-based approach to commercial control centre design. There were clear benefits of using 

DiCoT and during the post site interview, DPs responded very positively to questions about the 

need to change. The following closing comments were collected from DP2 and DP3 about taking 

DiCoT forward for commercial practice: 

• DP2: “I will feel like I am not getting enough with the old tools”. This comment relates to the 

previous approach taken to site visits, where semi structured interviews would be focused on 

trying to understand the socio-technical system through the study of tasks taken to achieve 

system goals.  

• DP2: “By reflecting, it goes deeper into you mind and DiCoT provides a deeper understanding”. It 

is clear that running DiCoT provides significant understanding of the socio-technical system.  

• DP2: “In a shorter space of time you get more relevant information from DiCoT, the hierarchal 

task analysis is repetitive, obviously helpful but time consuming”. This supports the argument for 

using DiCoT as part of situational analysis (RQ2), as it is possible to gain a good understanding 

with reasonable efficiency.  

• DP3: I didn’t have a clear view of how to use the information flow model on the first two site visits, 

although after the third, I now have it in my head and can explain it. DP3 gaining an overall view of 

the socio-technical system. 

• DP3: “You get contact with people who are using the room and a lot of information comes out of 

it”. DP3 had limited experience of running on-site interviews and collecting data for control room 

design projects and this comment is more related to that experiencing rather than DiCoT. 
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A key finding from the study is that running DiCoT was perceived to be a more efficient and 

effective technique for the initial stages of a control room study. During the post site interviews, 

all DPs felt that further development of DiCoT for commercial practice would be beneficial and 

this conclusion is strengthened by the change in DP2, who was very skeptical at the beginning. 

Both DPs had learned to be reflexive and realised that part of their difficulty in learning DiCoT, 

was the demand it made to change their philosophy from a task focused view, to one of looking 

at the socio-technical system as a whole. This change is based on moving away from 

decomposition thinking towards integrated thinking. 

7.0 CONCLUSIONS	  AND	  IMPLICATIONS	  FOR	  PRACTICE	  AND	  11064	  
In order for DCog to become the new foundation of HCI design, the apparent gap between 

academic and commercial application will need to be reduced. DiCoT was devised to provide a 

reusable framework and representational system for DCog and this study aimed to explore if a 

DiCoT workbook could provide a tool that enabled learning and commercial application as part of 

the control room design standard 11064. The study shows that DiCoT has real potential for 

commercial practice and can be deployed and learnt quite effectively. The two less experience 

DPs continue to recognise that they have much to learn in relation to HCI and Ergonomics, and 

that DiCoT cannot replace more formal studies. 

The modelling capability of DiCoT is excellent for practitioners to explore different levels of the 

system and establish future design options for reconfiguration. Defining a DiCoT workbook 

strengthens this potential, because practitioners need consistent well-defined tools to run cost 

effective projects. From a commercial practice point of view, the DiCoT workbook could be used 

to train junior practitioners and help them gain an understanding of the socio-technical system 

whilst working on projects. It also provides a very effective basis for wider team exploration and 

briefing. The tool can also help build strong effective practitioner teams, using the workbook as a 

shared resource to foster group learning and development. DiCoT could be presented as a tool 

for individuals or larger teams involved in socio-technical design and Action Research should be 

a recommended as part of this. 

The Control Room Design standard (BS EN ISO 11064) is difficult to apply within commercial 

projects, especially with its reliance on a task-based analysis. DiCoT has the potential to make 

11064 more accessible, and offer a focused entry-level work package for the clarification and 

analysis stages of a project. By being focused on the transformation and propagation of 

information across people and artefacts, it provides a very balanced view of the socio-technical 

system. The ability to model during the three themes is very engaging, provides different views of 

the system and would form a sound basis for further task analysis work if the commercial 

situation allowed.  

There will always be a conflict between the ability to capture enough ergonomics data and time 

constraints placed on commercial projects. The study showed that DiCoT provides a good 

balance between efficiency and depth of understanding. The study confirmed the flexibility of the 

DCog unit of analysis (Halverson 2002), and this has important implications for 11064, due to 

the standard being aimed at a wide range of control centre applications. The objective in DiCoT, 

to move beyond pure description is important for commercial practice, and also aligns itself with 
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the principles found in the Control Room Design Standard. It would appear that DiCoT could 

really enhance 11064 in multiple ways, by addressing some of the difficulties associated with 

scoping out a project based on limited resources and time. We would expect that further 

improvements to the workbook could soften the initial learning curve and over time a 

practitioner team could really shape it into a highly efficient tool. 11064 could also benefit from 

broadening its terms of reference, from the analytical based task analysis to a softer social-

science perspective, clarifying its identity as a socio-technical system framework. 

 (Word count 17,964) 
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Figure 38: Comparison between DP1 and DP3 information flow 
narrative tables from first site visits   
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Figure 39: DP1 and DP3 artefact models from their first site visit 

 

Figure 40: DP2 and DP3 physical model from their different second site visits   
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Figure 41: Actors and role tabular analysis for information flow second site visit, DP1, DP2 and DP3 

 

Figure 42: DP2 Site visit 2 information flow model with 
dual system recognised 
 
 
 

Figure 43: DP2 Artefact model from their second site visit 
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Figure 44: DP1 Modelling the possible combination of artefact and physical themes during a site visit 

 

 
 

Figure 45: DP1 Information flow model third site visit 
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Figure 46: DP3 Information flow model site visit 3 

APPENDIX	  C:	  WORKBOOK	  PRINCIPLES	  NOTED	  DURING	  SITE	  VISITS	  
Principle	  examples	  noted	  by	  DPS	  at	  each	  site	  visit	  

	  	   Principles	   First	  Site	  Visit	  DP1	   First	  Site	  Visit	  DP2	   First	  Site	  Visit	  DP3	  

	  	   	  	   1	   2	   3	  

1	  

P1	  Space	  and	  cog	  	  	   	  	   Dispatcher	  drags	  and	  drops	  
correct	  amb	  icon	  onto	  job,	  
supporting	  memory	  

2	  

P2	  Spatial	  Reps	  	  	  

EMMA	  status	  display	  stacked	  in	  
order	  of	  time	  on	  call	  highest	  to	  
the	  top	  

It	  seems	  logical	  to	  have	  them	  
in	  order	  

	  	  

3	  
EMAs	  status	  display	  spatially	  
grouped,	  on-‐call,	  waiting,	  
outgoing	  stacks	  	  

EMA	  status	  display	  stacked	  in	  
order	  by	  length	  and	  readiness	  	  

	  	  

4	  
EMAs	  spatially	  grouped	  into,	  on-‐
call,	  waiting,	  outgoing	  stacks	  etc.	  

EMA	  board	  perceived	  to	  be	  
building	  higher	  not	  across	  

	  	  

5	  

EMAs	  spatially	  grouped	  left	  had	  
stack	  on	  calls	  logical	  first	  priority	  
on	  left	  

Information	  seems	  to	  flow	  
from	  left	  to	  right	  matching	  
travel	  from	  CT	  to	  Clinical	  to	  
Super	  to	  TL	  

	  	  

6	  

P3	  Naturalness	  	  

	  	   Red	  colour	  means	  urgency	   Colour	  coding	  

7	  

	  	   Noise	  levels	  low	  means	  less	  
urgency	  in	  room	  

	  	  

8	  
	  	   Calls	  are	  colour	  coded	  in	  

relation	  to	  urgency	  and	  newest	  
at	  top	  

	  	  

10	   P4	  Bodily	  Support	  

	  	   Waving	  when	  needing	  help	   	  	  

DP3
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11	  
	  	   Underlining	  important	  bits	  of	  

information	  on	  hand	  written	  
notes	  

	  	  

	  	   Principles	   First	  Site	  Visit	  DP1	   First	  Site	  Visit	  DP2	   First	  Site	  Visit	  DP3	  

12	  

P5/P6	  Situational	  
Aware/horizon	  

EMTL	  near	  EMAs	  helps	  team	  
working	  and	  support	  

Call	  waiting	  status	  screens	   	  	  

13	  
EMTL	  in	  the	  middle	  of	  EMAs	  and	  
Dispatch	  teams	  

Call	  waiting	  status	  screens	   	  	  

14	  
EMTL	  picking	  up	  on	  EMAs	  verbal	  
comments	  a	  about	  patient	  
breathing	  to	  caller	  

Notice	  Boards	  with	  Paper	  Info	   	  	  

15	  
EMTL	  hear	  EMAs	  call	  clinician's	  
name	  and	  then	  look	  to	  see	  they	  
are	  available	  

People	  entering	  the	  control	  
room	  

Constant	  Alertness	  

16	  
	  	   An	  alert	  is	  sounded	  when	  

'cardiac'	  is	  entered	  into	  the	  
problem	  nature	  field	  

	  	  

17	  
P7	  Arrange	  equip	  See	  performance	  display	  across	  

room	  to	  trigger	  actions	  
Information	  on	  screens	  in	  
peripheral	  view	  

	  

18	  

P8	  Info	  
Movement	  

Initial	  patient	  data	  is	  sent	  to	  
dispatchers	  in	  the	  form	  of	  an	  
address	  and	  chief	  complaint	  
code	  

	  	   	  	  

19	  

P9	  Info	  
Transform	  

Patient	  address	  is	  transformed	  
from	  text	  to	  position	  on	  a	  map	  

	  	   EMA	  asks	  details	  and	  then	  
types	  this	  in	  

20	   	  	   	  	   	  

21	  
	  	   	  	   Patient	  data	  appears	  in	  easy	  to	  

pick	  up	  map	  location	  

22	  
	  	   	  	   Data	  is	  coloured,	  highlighted,	  

flashing,	  beeping	  form	  

23	   P10	  Info	  Hub	   	  	   	  	   	  	  

24	  

P11	  Buffering:	   EMAs	  buffer	  information	  that	  
they	  collect	  from	  patient	  after	  
initial	  dispatch	  

	  	   	  	  

25	   Principles	   First	  Site	  Visit	  DP1	   First	  Site	  Visit	  DP2	   First	  Site	  Visit	  DP3	  

26	  

P12	  Comms	  
Bandwidth	  

Face	  to	  face	  communciation	  
discussing	  jobs	  across	  room	  

	  	   	  	  

27	  
Hearing	  an	  EMAs	  intonation	  that	  
suggests	  stressful	  try	  calm	  caller	  

	  	   	  	  

28	  
I	  can	  tell	  its	  Lucy	  talking	  and	  she	  
is	  experienced	  EMA	  

	  	   	  	  

29	  
I	  can	  tell	  its	  someone	  new	  and	  it	  
is	  an	  inexperienced	  EMA	  

	  	   	  	  

30	  
P13	  Informal	  
comms	  

	  	   	  	   	  	  

31	  

P14	  Triggers	  	  

Cardiac	  Bong	  triggers	  support	  for	  
EMAs	  

	  	   When	  overhearing	  
conversations	  of	  others	  and	  
EMAs	  	  

32	  
	  	   	  	   When	  to	  help	  from	  their	  tone	  

of	  voice	  

33	   P15	  Mediating	  
Artefact	  

CAD	  system,	  Job	  stack	  helps	  
mediate	  between	  urgencies	  

	  	   	  	  

  



  65 
 

	  	   	   First	  Site	  Visit	  DP1	   First	  Site	  Visit	  DP2	   First	  Site	  Visit	  DP3	  

34	  
EMA	  status	  mediate	  between	  
staff	  rest	  and	  call	  demand	  

	  	   	  	  

35	  
P16	  Scaffolding	   A5	  Pad	  writing	  notes	  and	  lists	  to	  

be	  remembered	  
	  	   	  	  

36	  
P17	  
Representation	  
Goal	  Parity	  

Mapping	  display	  represents	  
location	  of	  resource	  and	  job	  

	  	   	  	  

37	  

P18	  Coordination	  
of	  resources	  

Plans	  are	  used	  to	  arrange	  
resources	  at	  cover	  posts	  

	  	   	  	  

38	  
Goals	  are	  used	  to	  determine	  
activation	  times,	  resources	  and	  
jobs	  

	  	   	  	  

39	  
History	  is	  used	  to	  determine	  
likely	  area	  for	  the	  next	  job	  in	  
relation	  to	  time	  of	  day	  

	  	   	  	  

40	  
History	  is	  used	  to	  determine	  rest	  
breaks	  

	  	   	  	  

41	  
Affordance	  drag	  and	  drop	  
resource	  onto	  job	  

	  	   	  	  

42	  
Action	  effect	  physical	  action	  of	  
dropping	  ambulance	  on	  job	  
reinforces	  allocation	  

	  	   	  	  

43	  
Current	  state	  demined	  by	  triage	  
of	  patients	  

	  	   	  	  

44	   	  	   Second	  Site	  Visit	  DP1	   Second	  Site	  Visit	  DP2	   Second	  Site	  Visit	  DP3	  

45	   P1	  Space	  and	  cog	  
EMATL	  has	  a	  fixed	  position	  to	  
make	  it	  easy	  for	  all	  EMAs	  to	  
visually	  reference	  

	  	   	  	  

46	   	  	  
EMAs	  should	  all	  be	  in	  the	  same	  
area	  to	  support	  	  

	  	   	  	  

47	   P3	  Naturalness	  	   	  	   	  	   	  	  

48	   P4	  Bodily	  Support	  
EMATL	  will	  go	  over	  to	  help	  EMAs	   	  	   	  	  

49	   P5	  Situational	  Aware	  
	  	   	  	   	  	  

50	  
P6	  Horizon	   Someone	  having	  a	  bad	  day	  speak	  

to	  TL	  
	  	   	  	  

51	  

P6	  Horizon	  

Hear	  the	  alert	  for	  a	  cardiac	  
arrest	  and	  look	  up	  to	  see	  who	  
has	  taken	  it	  (Trigger)	  (Analysis	  of	  
how	  principles	  link	  across	  	  and	  
grow	  DiCoT	  study	  examples	  for	  
socio	  bible	  etc.)	  

	  	   	  	  

52	  
Clinicians	  and	  EMATLs	  use	  tone	  
of	  voice	  and	  words	  EMAs	  say	  to	  
Trigger	  attention	  P14	  	  

	  	   	  	  

53	   Call	  Takers	  in	  same	  area	  better	  
in	  some	  respects	  	   	  	   	  	  

54	  
P15	  Mediating	  
Artefact	  

EMA	  status	  monitor	  (Availability)	  
helps	  to	  mediate	  EMA	  
activities/availability	  

	  	   Phone	  and	  Computer	  
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	  	   	  	   Third	  Site	  Visit	  DP1	   Third	  Site	  Visit	  DP2	   Third	  Site	  Visit	  DP3	  

55	   P1	  Space	  and	  cog	  	  	   	  	   	  	  

56	  

P2	  Spatial	  Reps	  	  	   Desk	  Layout	  matches	  the	  spatial	  
geography	  of	  SECAmb	  

Screens	  in	  front	  of	  dispatcher	  
relate	  to	  the	  space	  
representing	  the	  areas	  and	  it	  is	  
easier	  to	  think	  faster.	  

A	  notepad	  as	  an	  extra	  visual	  aid	  

57	  

P3:	  Naturalness	  

On	  CAD	  map	  there	  is	  a	  line	  
drawn	  between	  resource	  and	  
patient	  matches	  resource	  
moving	  towards	  patient	  

People	  have	  good	  contact	  and	  
they	  can	  see	  who	  they	  need	  to	  
talk	  to	  

EMAs	  send	  information	  to	  
relevant	  screens	  after	  taking	  
details	  

58	  

VDU	  lists	  becoming	  visually	  
overloaded	  

The	  physical	  layout	  into	  
geographic	  areas	  supports	  
understanding	  of	  which	  
dispatch	  group	  is	  busy.	  

Flashing	  bright	  colours	  that	  
instantly	  state	  the	  urgency	  of	  
the	  case	  

59	  
P4	  Bodily	  
Support	  

EMAs	  flapping	  a	  card	  for	  
attention	  (Waving)	  

Flapping	  the	  card	  draws	  
attention.	  

Follow	  live	  objects	  moving	  on	  
the	  screen	  map	  

60	  
EMA	  facial	  expressions	  support	  
understanding	  their	  status	  

	  	   Subtle	  bodily	  support:	  Flapping	  
a	  card	  representing	  urgency	  
and	  asking	  for	  assistance	  

61	  

P5	  Situational	  
Aware	  

Noise	  levels	  raise	  indicate	  
workload.	  Head	  down	  ear	  on	  
room	  (Could	  invent	  some	  witty	  
statements	  that	  could	  describe	  
know	  conditions)	  

Facial	  expressions	  are	  
important	  displays	  for	  EOCs	  

When	  EMATL/DTL/EOCM	  
overhear	  conversations	  and	  
steps	  into	  assist	  

62	  

P6	  Horizon	  

RD	  have	  their	  related	  RDs	  in	  
their	  horizon	  

EOCM	  has	  overview	  of	  people	   DTLs	  positioned	  between	  
dispatcher	  stations	  in	  a	  way	  
that	  they	  observe	  their	  work	  

63	  

TLs	  and	  Cas	  have	  string	  horizons	  
in	  relation	  to	  the	  users	  they	  
manage	  

Cards	  have	  2	  reinforcements,	  
meanings	  through	  colour	  and	  
urgency	  through	  flapping	  

	  	  

64	  

Critical	  Care	  Desk	  was	  tried	  near	  
Dispatch	  and	  this	  was	  the	  wrong	  
horizon	  too	  distracting	  

	  	   	  	  

65	  
Lots	  of	  red	  on	  a	  CAD	  screen	  can	  
prompt	  attention	  	  

	  	   	  	  

66	  

P7	  Arrangement	  

	  	   Storage	  is	  behind	  and	  
easy/obvious	  where	  to	  look	  

Screens	  to	  make	  sure	  that	  the	  
relevant	  staff	  are	  visible	  

67	  
	  	   Shared	  displays	  are	  repeated	  

on	  desktops	  
Storage	  placed	  in	  easily	  
approachable	  place	  but	  not	  to	  
interrupt	  work	  flow	  

68	  

	  	   Touch	  screens	  always	  on	  left	  
(Could	  there	  be	  a	  consistency	  
principle?)	  

	  	  

	  	   	  	   Third	  Site	  Visit	  DP1	   Third	  Site	  Visit	  DP2	   Third	  Site	  Visit	  DP3	  

69	  

P8	  Info	  
movement	  

Patient	  is	  shown	  as	  a	  line	  in	  the	  
dispatch	  pending	  list	  once	  
allocated	  moved	  to	  the	  allocated	  
list	  

Calls	  are	  automatically	  
allocated	  an	  address	  for	  land	  
lines	  

	  

70	  
	  	   Calls	  being	  handled	  are	  shown	  

on	  the	  job	  stack	  
Walking	  over	  to	  talk	  

71	  
	  	   Info	  goes	  around	  and	  can	  take	  

any	  path	  
Sending	  signals	  by	  computer	  

72	  
	  	   	  	   Overhearing	  phone	  calls	  and	  

differentiating	  tone	  of	  voice	  	  

73	  
	  	   	  	   Recognising	  different	  facial	  

expressions	  and	  gestures.	  
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74	  

P9	  Info	  
Transform	  

Clinician	  may	  transform	  the	  call	  
up	  or	  down	  priority	  

Info	  goes	  straight	  from	  EMA	  to	  
dispatch	  and	  then	  around	  

Spoken	  Data	  into	  written	  data	  
via	  computer	  

75	  

Patients	  are	  transformed	  into	  
colours,	  GP	  hear	  treat	  (Pale	  Blue)	  
Cat	  C	  30	  mins	  (Green)	  Red	  2	  8	  
minutes	  etc.	  

	  	   	  	  

76	  
Patient	  becomes	  a	  job	  and	  
allocated	  resource	  	  

	  	   	  	  

77	  
Patient	  complaint	  becomes	  a	  
coloured	  line	  in	  list	  and	  red	  circle	  
on	  CAD	  

Clinicians	  can	  listen	  in	  and	  
change	  decisions	  	  

	  	  

78	  
Crew	  become	  black	  circle	  on	  
CAD	  

EMAS	  are	  the	  ones	  who	  can	  
provide	  new	  information	  	  

	  	  

79	  
Allocated	  crew	  and	  job	  are	  
joined	  with	  a	  blue	  line	  

CCPs	  can	  provide	  vital	  info	  	   	  	  

80	  
EMAs	  enter	  notes	  into	  CAD	  from	  
Pathways	  and	  filter	  for	  crews	  

Cards	  are	  flapped,	  people	  can	  
shout,	  people	  can	  call,	  phone,	  
radio,	  hands	  

	  	  

81	  

P10	  Info	  Hub	  

EMAs	  are	  probably	  part	  of	  a	  
clinical	  hub	  

	  	   Filter	  Hub,	  Decision	  Hub,	  
Clinician	  Hub	  

82	  

Both	  Clinical	  and	  Dispatch	  are	  
information	  hubs.	  Clinical	  is	  
patient	  focused	  and	  dispatch	  is	  
resource	  focused	  

	  	   	  	  

83	   Dispatcher	  more	  of	  a	  decision	  
maker	  

	  	   	  	  

84	  

P11	  Buffering	  

EMAs	  press	  notify	  to	  send	  info	  
direct	  to	  ambulance	  crew	  

	  	   DTLs	  overlooking	  dispatchers	  
and	  in	  busy	  overloaded	  
situations	  

85	  
EMAs	  press	  notify	  and	  the	  info	  is	  
propagated	  around	  all	  relevant	  
EOC	  staff	  

	  	   DTLs	  Intervene	  or	  assist	  or	  
delegate	  calls	  for	  better	  
information	  flow	  

86	  
	  	   	  	   	  

87	  
	  	   	  	   PPs	  or	  Cas	  walking	  over	  to	  talk	  

to	  the	  EMA	  when	  special	  help	  
needed	  

88	  
	  	   	  	   DTL	  talking	  to	  dispatchers	  

when	  delegating	  in	  busy	  times	  

89	   P12	  Comms	  
Width	  

	  	   	  	   	  	  

90	   P13	  Informal	  
comms	  

	  	   Tea	  and	  Rest	  Area	   	  	  

91	  

P14	  Trigger	  

When	  you	  hear	  certain	  words	  
e.g.	  they	  have	  knife,	  might	  
trigger	  to	  look	  and	  see	  knife	  

Raise	  voice,	  looking	  around	   Stab,	  bomb	  and	  noise.	  

92	  
When	  you	  hear	  EMA	  voice	  you	  
recognise	  them	  

	  	   	  	  

93	  
Hear	  warble,	  tone	  of	  voice	  to	  
trigger	  cardiac	  arrest.	  

	  	   	  	  

94	   P15	  Mediating	  
Artefact	  

	  	   Asking	  for	  help	  with	  flapping	  
cards	  

Single	  information	  lives	  on	  the	  
screens	  that	  everyone	  can	  see	  
and	  means	  the	  same	  to	  
everyone	  
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95	  

	  	   Jobs	  change	  colour	  and	  
position	  on	  screen	  depending	  
on	  importance	  

	  	  

96	  

P16	  Scaffolding	  

	  	   	   	  	  

97	  
	  	   Pin	  on	  map	  showing	  where	  the	  

job	  is	  
	  	  

98	  
	  	   Crib	  sheet	  on	  clip	  board	  for	  

EMA	  
	  	  

99	   	  	   Laptop	  that	  can	  be	  carried	  
around	  	  

	  	  

100	   	  	   Scribbling	  on	  scrap	  paper	   Sticky	  notes	  

101	  
P17	  
Representation	  
Goal	  Parity	  

Blue	  line	  between	  crew	  and	  job	  
gets	  shorter	  as	  they	  get	  nearer	  

Ambulance	  keeps	  moving	  
towards	  its	  goal	  

Different	  colours	  represent	  
different	  urgency	  on	  the	  
screen,	  the	  goal	  could	  be	  to	  
deal	  with	  all	  the	  urgent	  ones	  
ASAP	  

102	  
Black	  Triangle	  represents	  the	  
resource	  and	  this	  moves	  towards	  
the	  job	  	  

	  	   	  	  

103	  
P18	  Coordination	  
of	  resources	  

	  	   	  	   	  	  

Table 12: Examples of principles noted during all three site visits by DPs 
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APPENDIX	  D:	  DIAGRAMS	  FORMED	  USING	  DICOT	  FOR	  11064	  EOC	  
SITUATIONAL	  ANALYSIS	  

 
 
 

Figure 47: The physical models from all three EOCs with Artefact Icons  
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Figure 48: Trust wide representations for EOC performance and cross border sharing  

 

Figure 49 Trust wide distributed representations for the clinical hub 
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Narrative	  description	  of	  Actors	  and	  Roles	  for	  11064	  analysis	  

	  	   Actor	  	   Role	  

EOCM	   Emergency	  Operations	  
Centre	  Manager	  

Senior	  manager	  in	  overall	  charge	  of	  the	  EOC.	  Day	  to	  day	  
management	  of	  high	  level	  policy,	  call	  handling	  and	  dispatch	  
performance	  and	  patient	  care	  

CS	   Clinical	  Supervisor	   Monitor	  Job	  stack	  and	  priorities	  to	  ensure	  appropriate	  response	  
and	  optimise	  trust	  resources.	  Manage	  clinical	  response	  to	  all	  
patients	  and	  support	  EMAs	  with	  medical	  triage	  process.	  

PP	   Paramedic	  Practitioner	   Specialist	  Paramedic	  dealing	  with	  urgent	  care	  advice,	  GP	  calls	  in	  
relation	  to	  very	  ill	  patients	  

CCP	   Critical	  Care	  Paramedic	   Specialist	  Paramedic	  supporting	  crews	  and	  PPs	  with	  advice	  on	  
trauma	  care	  and	  drugs	  etc.	  

EMATL	   Emergency	  Medical	  
Advisor	  Team	  Leader	  

Management	  of	  the	  EMA	  team	  including	  performance,	  staffing	  
welfare	  and	  emotional	  support	  during	  difficult	  calls.	  Working	  
closely	  with	  Clinical	  Advisors	  and	  Emergency	  Dispatch	  Team	  
Leaders.	  

EMA	   Emergency	  Medical	  
Advisor	  	  

Responsible	  for	  medical	  triage	  of	  patients	  using	  999	  service	  to	  
determine	  medical	  priority,	  location	  and	  determining	  appropriate	  
pathway	  for	  medical	  advice	  and	  care.	  

DTL	   Dispatch	  Team	  Leader	   Responsible	  for	  several	  resource	  dispatch	  teams	  in	  either	  west	  or	  
east	  regions.	  Monitoring	  dispatch	  priority	  response,	  supporting	  
dispatchers	  with	  priorities,	  arranging	  cover	  moves	  across	  areas	  to	  
match	  system	  status	  plan,	  making	  contact	  with	  hospitals	  in	  
relation	  to	  admission	  times	  and	  queues.	  

RD	   Resource	  Dispatch	   Dispatching	  appropriate	  resources	  to	  jobs	  based	  on	  geographic	  
area,	  priority,	  and	  resource	  availability.	  Liaising	  with	  other	  RDs	  to	  
share	  resources	  and	  ensure	  performance	  targets	  are	  met	  

MBRD	   Meal	  Break	  Resource	  
Dispatcher	  

Takes	  over	  from	  Resource	  Dispatchers	  for	  meal	  breaks	  

HEMS	   Helicopter	  Emergency	  
Medical	  Service	  

Responsible	  for	  reviewing	  critical	  trauma	  cases	  and	  making	  
decisions	  to	  mobilise	  helicopter	  as	  required	  

CFR	   Community	  First	  
Responder	  

Responsible	  for	  mobilising	  Volunteer	  First	  Responder	  who	  may	  be	  
closer	  to	  an	  incident.	  

Table 13: Actor and role description table established across all three EOCs 

Narrative	  of	  properties	  for	  the	  final	  information	  flow	  model	  for	  11064	  analysis	  (See	  figure	  30,	  p.44)	  

No	   Role	  and	  Property	   Description	  

PT1	   Paramedic	  Practitioner	  in	  
the	  Clinical	  Decision	  Hub	  

Urgent	  Care	  PP	  is	  focused	  on	  offering	  support	  diagnosis	  and	  advice	  
in	  relation	  to	  patients,	  GPs	  and	  other	  social	  factors	  affecting	  
medical	  care.	  	  

PT2	   Clinical	  Supervisor	  in	  the	  
Clinical	  Decision	  Hub	  

Support	  EMAs	  with	  clinical	  decisions	  in	  relation	  to	  patients	  as	  part	  
of	  the	  triage	  process	  and	  managing	  demand	  on	  precious	  
emergency	  resources.	  Act	  as	  an	  expert	  clinician	  when	  pathways	  Q	  
and	  A	  system	  cannot	  provide	  enough	  granularity	  for	  important	  
patient	  care	  decisions	  in	  relation	  to	  acuity/urgency.	  This	  is	  a	  trust	  
wide	  role	  and	  each	  clinician	  can	  be	  overseeing	  calls	  from	  all	  three	  
EOCs.	  	  

PT3	   EMA	  as	  a	  medical	  triage	  
filter	  	  

EMA	  take	  999	  calls	  and	  use	  the	  NHS	  pathways	  system	  to	  triage	  and	  
filter	  calls,	  define	  appropriate	  medical	  response	  and	  establish	  a	  
critical	  categorisation.	  Many	  patients	  are	  filtered	  out	  and	  offered	  
alternative	  care	  pathways	  as	  opposed	  to	  emergency	  transfer	  to	  
A&E.	  	  

PT4	   EMA	  Team	  Leader	  Call	  
Handling	  Buffer	  

The	  Team	  Leader	  offers	  support	  to	  EMAs	  and	  buffers	  requests	  for	  
information	  from	  Dispatch	  Team	  Leader,	  deals	  with	  staffing	  
support,	  availability,	  rotas	  and	  rest	  breaks.	  	  
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PT5	   EOC	  Manager	  as	  a	  
Management	  Buffer	  

The	  EOCM	  maintains	  overall	  responsibility	  for	  EMA	  triage,	  clinical	  
care,	  and	  Resource	  Dispatch,	  ensuring	  Trust	  Policy	  and	  procedures	  
are	  maintained	  and	  buffers	  the	  EOC	  team	  from	  	  external	  contact	  
e.g.	  complaints,	  major	  incidents.	  

PT6	   CCP	  in	  the	  dispatch	  
Clinical	  Decision	  Hub	  

Critical	  Care	  Paramedic	  assisting	  the	  dispatch	  team	  and	  crews	  
during	  critical	  incidents,	  cardiac	  arrests	  and	  RTCs	  etc.	  Also	  supports	  
CFRs	  in	  the	  field.	  	  

PT7	   RD	  Team	  Leader	  in	  the	  
West	  Dispatch	  Buffer	  

The	  Team	  Leader	  buffers	  dispatch	  from	  Clinical	  and	  EMA	  teams,	  
Maintains	  clarity	  on	  the	  System	  Status	  Plan	  cross	  border	  sharing	  
issues	  across	  all	  EOCs	  and	  deals	  with	  dispatch	  availability,	  rotas	  
and	  rest	  breaks.	  	  

PT8	   RD	  in	  the	  West	  Resource	  
Decision	  Hub	  

Makes	  dispatch	  resourcing	  decisions	  based	  on	  urgency,	  geography	  
and	  availability	  

PT9	   RD	  in	  the	  East	  Resource	  
Decision	  Hub	  

Makes	  dispatch	  resourcing	  decisions	  based	  on	  urgency,	  incident	  
geography	  and	  availability	  

PT10	   RD	  First	  Responder	  in	  the	  
Dispatch	  Buffer	  

Makes	  dispatch	  resourcing	  decisions	  for	  community	  first	  
responders	  based	  on	  incident	  geography	  and	  availability	  

PT11	   RD	  Team	  Leader	  in	  the	  
East	  Dispatch	  Buffer	  

The	  Team	  Leader	  buffers	  dispatch	  from	  Clinical	  and	  EMA	  teams,	  
Maintains	  clarity	  on	  the	  System	  Status	  Plan	  	  

PT12	   Emergency	  Resource	  
Community	  First	  
Responder	  West	  

Trained	  medical	  volunteer	  who	  is	  ready	  to	  respond	  to	  local	  
medical	  incidents	  

PT13	   Emergency	  Resource	  from	  
the	  West	  

Crews	  and	  Paramedics	  available	  to	  be	  sent	  to	  jobs	  

PT14	   Emergency	  Resource	  from	  
the	  East	  

PT15	   Emergency	  Resource	  
Community	  First	  
Responder	  West	  

Trained	  member	  if	  the	  public	  medical	  volunteer,	  ready	  to	  respond	  
to	  local	  medical	  incidents.	  	  

Table 14: Tabular analysis of properties for the information flow model across all EOCs 
 

Narrative	  of	  communications	  channels	  for	  the	  final	  information	  flow	  model	  for	  11064	  analysis	  (See	  
figure	  31,	  p.44)	  
No	   Comms	  Channel	   Description	  

CC1	   Emergency	  Medical	  
Advisor	  Team	  Leader	  to	  
Emergency	  Medical	  
Advisor	  	  

EMATL	  may	  monitor	  calls	  via	  several	  channels,	  either	  listening	  in	  to	  
call,	  reading	  job	  card	  as	  it	  gets	  updated,	  maintaining	  visual	  contact	  
across	  the	  room	  

CC2	   Clinical	  Advisor	  to	  Clinical	  
Advisor	  

Clinical	  Advisors	  largely	  communicate	  by	  visual	  and	  verbal	  contact,	  
across	  the	  room.	  They	  may	  also	  call	  each	  other	  on	  the	  telephone	  
across	  the	  three	  EOCs	  

CC3	   Clinical	  Advisor	  to	  
Emergency	  Medical	  
Advisor	  	  

CS	  may	  monitor	  calls	  via	  several	  channels,	  either	  listening	  in	  to	  call,	  
reading	  job	  card	  as	  it	  gets	  updated,	  maintaining	  visual	  contact	  
across	  the	  room.	  They	  will	  	  offer	  clinical	  advice	  and	  make	  decisions	  
regarding	  patient	  care.	  Important	  trouble	  shooting	  role	  to	  make	  a	  
more	  effective	  diagnosis	  than	  	  'pathways'	  computer	  system.	  

CC4	   External	  Caller	  Requesting	  
Emergency	  Medical	  
Advisor	  

The	  EMA	  takes	  the	  call,	  greets	  the	  caller	  and	  performs	  triage	  to	  
ascertain	  the	  best	  response	  based	  on	  symptoms.	  At	  the	  same	  time	  
the	  system	  filters	  key	  information	  in	  relation	  to	  
criticality/location/history/	  and	  propagates	  the	  'job'	  around	  the	  
team	  transforming	  it	  into	  several	  different	  representations.	  The	  
outcome	  can	  be	  as	  simple	  as	  advice	  to	  go	  and	  visit	  A&E,	  make	  
appointment	  with	  a	  Doctor	  or	  provide	  life	  saving	  advice	  to	  cardiac	  
arrest.	  

CC5	   Emergency	  Medical	  
Advisor	  Team	  Leader	  to	  
Emergency	  Operations	  

The	  EOCM	  has	  an	  on-‐going	  dialogue	  with	  the	  TLs	  to	  discuss	  on-‐
going	  issues,	  staffing,	  call	  handling	  performance,	  policy	  and	  issues.	  
This	  is	  usually	  via	  face	  to	  face	  contact	  
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Centre	  Manager	  

CC6	   Paramedic	  Practitioner	  to	  
Emergency	  Medical	  
Advisor	  

The	  PP	  will	  offer	  the	  EMAs	  advice	  on	  low	  acuity	  medical	  
conditions,	  GP	  requests	  and	  Social	  issues.	  This	  can	  be	  done	  face	  to	  
face	  or	  via	  messaging	  on	  the	  CAD	  system.	  

CC7	   Emergency	  Medical	  
Advisor	  to	  Resource	  
Dispatcher	  

This	  is	  a	  computer	  system	  link	  and	  happens	  instantaneously.	  As	  
soon	  as	  the	  call	  is	  taken	  and	  the	  location	  is	  established	  the	  'job'	  
appears	  on	  the	  appropriate	  RD	  job	  stack.	  There	  may	  be	  some	  
communications	  via	  the	  messaging	  system	  on	  CAD	  although	  the	  
DTL	  will	  provide	  another	  communications	  channel	  to	  the	  EMAs	  via	  
EMA	  Team	  Leaders	  or	  direct	  by	  walking	  over.	  

CC8	   Emergency	  Medical	  
Advisor	  to	  Emergency	  
Medical	  Advisor	  Team	  
Leader	  

The	  EMATL	  support	  EMAs	  with	  help	  and	  advice.	  They	  have	  several	  
communications	  channels	  open	  to	  them,	  via	  CAD	  system,	  listening	  
in	  through	  the	  comms	  channels	  or	  walking	  over	  a	  carefully	  
supporting	  with	  face	  to	  face	  gestures	  and	  careful	  discussion.	  

CC9	   Emergency	  Medical	  
Advisor	  Team	  Leader	  to	  
Resource	  Dispatch	  Team	  
Leader	  

The	  TLs	  will	  have	  on-‐going	  discussions	  about	  jobs,	  EMA	  call	  
handling	  performance,	  staffing	  issues	  and	  generally	  this	  will	  take	  
place	  face	  to	  face.	  

CC10	   Critical	  Care	  Paramedic	  to	  
Resource	  Dispatcher	  
Team	  Leader	  

The	  CCP	  will	  support	  the	  RD	  Team	  and	  crews	  with	  critical	  care	  
advice	  in	  relation	  to	  illness	  or	  injury,	  use	  of	  drugs	  and	  hospital	  to	  
hospital	  transfers.	  They	  will	  communicate	  with	  crews	  via	  the	  radio	  
system	  and	  face	  to	  face	  with	  the	  dispatch	  team.	  

CC11	   Resource	  Dispatcher	  to	  
Ambulance	  Crews	  

The	  main	  communications	  channel	  is	  via	  mobile	  data.	  The	  RD	  
allocates	  the	  crew	  to	  a	  job	  on	  CAD	  and	  this	  sends	  the	  crew	  a	  
message	  to	  mobilise.	  The	  messages	  continue	  to	  flow	  to	  the	  crew	  
based	  on	  the	  EMA	  discussions	  although	  the	  RD	  makes	  to	  initial	  
decision	  to	  allocated	  and	  connect	  each	  crew	  to	  incidents.	  RDs	  can	  
also	  carry	  out	  verbal	  discussions	  with	  crews	  via	  the	  radio	  system	  

CC12	   Resource	  Dispatcher	  First	  
Responder	  to	  First	  
Responder	  East	  and	  West	  

The	  First	  Responder	  Resource	  Dispatcher	  makes	  contact	  with	  
volunteers	  based	  on	  their	  availability	  and	  location	  to	  a	  job.	  The	  
main	  comms	  channels	  are	  via	  airwave	  radio	  or	  mobile	  telephone	  
to	  mobilise	  verbally	  

Table 15: Tabular analysis of comms channels for information flow model across all EOCs	  

	  
Narrative	  for	  artefacts	  as	  part	  of	  11064	  summary	  

Artefact	   Summary	  

	  	   There	  are	  several	  key	  artefacts	  that	  are	  used	  in	  EOC	  to	  coordinate	  activities.	  There	  
are	  several	  shared	  artefacts	  that	  contain	  information	  displayed	  at	  EOCM	  and	  Team	  
Leader	  workstations	  and	  also	  distributed	  around	  the	  room	  on	  overview	  displays.	  
There	  are	  also	  workstation	  CAD	  displays	  that	  are	  used	  at	  each	  individual	  position	  
and	  distributed	  across	  the	  team.	  	  

Trust	  Wide	  EOC	  
Performance	  	  

Trust	  performance	  as	  measured	  against	  National	  NHS	  targets	  e.g.	  75%	  of	  all	  Red	  1:	  
patients	  must	  be	  reached	  in	  8	  minutes	  and	  95%	  within	  19	  minutes.	  (Red	  1	  patients	  
have	  potential	  life	  threatening	  conditions)	  	  This	  display	  shows	  how	  close	  each	  EOC	  
is	  to	  the	  targets	  and	  how	  the	  overall	  score	  as	  an	  average	  across	  all	  three.	  

EMA	  Status	  Display	  	   Shows	  the	  current	  status	  of	  EMAs	  based	  on	  categories	  of	  'On	  Incoming	  Call'	  
'Available'	  'Outgoing	  Call'	  and	  'Unavailable'.	  The	  information	  is	  displayed	  a	  s	  a	  bar	  
chart	  and	  is	  for	  an	  individual	  EOC	  only.	  The	  display	  uses	  colour	  and	  column	  position	  
to	  emphasise	  availability.	  

Hospital	  Availability	  	   Provides	  information	  in	  relation	  to	  ambulance	  turn	  around	  at	  hospitals	  

System	  Status	  Plan	   This	  shows	  resource	  availability	  in	  relation	  to	  response	  posts	  for	  an	  EOC.	  The	  
information	  is	  displayed	  as	  a	  bar	  chart	  and	  is	  aimed	  to	  support	  EOCTL	  adjustments	  
to	  the	  plan	  in	  order	  to	  meet	  performance	  targets.	  The	  display	  uses	  colour	  to	  
emphasise	  availability.	  



  74 
 

Pathways	  Triage	  Window	   The	  NHS	  'Pathways'	  clinical	  data	  entry	  	  element	  of	  the	  system	  that	  allows	  EMAs	  to	  
record	  patient	  details	  and	  perform	  clinical	  triage.	  The	  data	  is	  sent	  to	  the	  computer	  
aided	  dispatch	  system	  (CAD).	  

CAD	  Pending	  Job	  Stack	   Each	  pending	  job	  is	  displayed	  in	  a	  filtered	  list	  at	  the	  top	  of	  a	  display	  

CAD	  Allocated	  job	  stack	   Each	  allocated	  job	  is	  displayed	  in	  a	  filtered	  list	  underneath	  the	  pending	  list	  in	  order	  
of	  priority.	  The	  system	  uses	  colour	  to	  emphasise	  criticality	  of	  the	  job.	  

CAD	  Resource	  stack	   Each	  resource	  is	  displayed	  in	  a	  filter	  list	  (For	  each	  area).	  The	  system	  uses	  colour	  to	  
emphasise	  availability	  status.	  

CAD	  Job	  Card	   The	  window	  that	  contains	  detailed	  text	  about	  the	  patient	  condition	  and	  details	  
available	  to	  all	  relevant	  EOC	  staff	  

CAD	  Mapping	  Display	   Shows	  patient	  location	  as	  a	  red	  dot	  and	  ambulance	  resources	  as	  a	  blue	  triangle.	  

Admin	  	   Usual	  windows	  based	  admin	  system.	  

Table 16: List of key artefacts collected across EOC sites 

 
 

 

 

 

 

 

 

 

Figure 50: EMA status board showing movement and transformation of information 

 
Number	   Stages	  of	  information	  movement	  and	  transformation	  	  

1	   Craig Green takes a 999 call; the rectangle turns red and moves into the left 
hand column. 

2	   Sam Peters takes a 999 call; the rectangle turns red and moves into the left 
hand column. 

3	   Laura Brian takes a 999 call; the rectangle turns red and moves into the left hand 
column. 

4	   Beth Peters goes on a rest break; the rectangle turns black and moves into the 
right hand column. 

5	   Dave Shepherd takes a 999 call; the rectangle turns red and moves into the left 
hand column. 

6	   Margaret Fields takes a 999 call; the rectangle turns red and moves into the left 
hand column. 

Table 17: Descriptions of EMA status board showing movement and transformation of information  
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Artefact	  Model	  
Principles	  

Understanding	  the	  EMA	  Status	  Display	  Artefact	  using	  DiCoT	  principles	  

Principle	  15:	  Mediating	  
Artefacts	  

This	  is	  an	  important	  display	  to	  the	  EMA	  team	  and	  is	  a	  mediating	  artefact	  according	  
to	  DCog	  principles.	  The	  display	  allows	  the	  EMATL	  to	  maintain	  an	  understanding	  of	  
current	  status	  and	  potential	  of	  the	  EOC	  to	  answer	  999	  and	  other	  calls.	  The	  Auto	  
Call	  Distribution	  system	  allocates	  calls	  based	  on	  availability	  and	  time	  waiting.	  When	  
an	  EMA	  logs	  onto	  the	  system	  their	  presence	  is	  transformed	  into	  a	  coloured	  
rectangle	  with	  their	  name	  written	  inside,	  extension	  number	  and	  status	  timer.	  
Cultural	  norms	  are	  used	  for	  stop	  and	  go	  as	  red	  is	  not-‐available	  green	  is	  used	  for	  
available.	  

Principle	  17:	  
Representation	  –	  Goal	  
Parity:	  	  

At	  any	  one	  time	  the	  EMATL	  can	  quickly	  understand	  the	  relationship	  between	  the	  
current	  state	  and	  the	  goal	  state	  (Principle	  17).	  For	  instance	  one	  Goal	  is	  to	  ensure	  
there	  is	  an	  EMA	  available	  to	  answer	  the	  next	  999	  call.	  This	  is	  represented	  by	  a	  stack	  
of	  Green	  rectangles	  showing	  how	  many	  EMAs	  are	  currently	  not	  taking	  a	  call	  and	  
available.	  EMAs	  that	  are	  busy	  on	  calls	  are	  presented	  in	  the	  red	  stack.	  This	  turns	  the	  
task	  of	  understanding	  how	  many	  EMAs	  are	  available	  into	  a	  simple	  visual	  
comparison	  (Green	  column	  against	  the	  red	  column).	  (Principle	  2	  and	  3).	  The	  display	  
also	  reinforces	  the	  EMATLs	  situational	  awareness	  (Principle	  5)	  because	  if	  the	  EOC	  is	  
very	  busy	  then	  more	  red	  will	  show	  on	  the	  left	  hand	  side	  and	  the	  column	  will	  fill	  the	  
screen.	  	  

Principle	  17:	  
Representation	  –	  Goal	  
Parity:	  

Another	  interesting	  part	  of	  the	  display	  is	  the	  visual	  movement.	  When	  an	  EMA	  
status	  changes,	  their	  visual	  representation	  also	  changes	  colour	  and	  moves	  column.	  
This	  also	  reinforces	  movement	  towards	  a	  goal	  of	  making	  EMAs	  available.	  The	  
display	  is	  'very	  powerful'	  because	  it	  closely	  matches	  the	  "cognitive	  need	  of	  the	  
individual	  EMATL"	  and	  will	  also	  be	  used	  in	  conjunction	  with	  room	  noise	  to	  maintain	  
situational	  awareness.	  

Principle	  15:	  Mediating	  
Artefacts	  

Once	  the	  EOC	  gets	  very	  busy	  and	  more	  and	  more	  EMAs	  are	  taking	  calls	  the	  artefact	  
is	  then	  used	  to	  'mediate'	  availability	  (Principle	  15).	  EMAs	  who	  have	  been	  on	  a	  call	  
the	  longest	  are	  located	  at	  the	  top	  of	  each	  relevant	  column,	  with	  the	  minutes	  
displayed.	  This	  may	  trigger	  (Principle	  14)	  the	  EMATL	  to	  	  support	  the	  EMA	  and	  try	  to	  
encourage	  them	  to	  wrap	  up	  the	  call	  if	  EMA	  availability	  is	  dangerously	  low.	  The	  
display	  also	  shows	  status	  of	  other	  individuals,	  e.g.	  staff	  on	  EMA	  TL	  duties	  in	  purple	  
and	  on	  a	  break	  in	  black,	  and	  again	  this	  would	  allow	  the	  EMATL	  to	  request	  some	  
staff	  change	  their	  status	  to	  make	  themselves	  available	  for	  999	  calls.	  

Table 18: Tabular analysis of artefact model principles for EMA status board  
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1.0 GETTING STARTED 

1) INTRODUCTION 

Distributed Cognition (DCog), is a theory that explores the idea of thinking is actually 

distributed across teams as opposed to contained inside your head (1). Distributed 

Cognition for Team Working (DiCoT) is a framework to apply these ideas, to understand 

small worksystems (2). A key principle of DCog is to focus on the ‘movement and 

transformation of information between people and artifacts’ as a way of reasoning (1). 

2) HOW TO USE THIS WORKBOOK? 

This is a workbook that aims to provide the DiCoT framework and example resources to 

help you model and understand the control room. This is a working document for you to 

produce sketches and capture data as you go along. The objectives are for you to copy 

and learn the DiCoT techniques, and become familiar with modelling and analysing the 

work system, with these principles.  

3) COGNITION 

Some of these words and concepts may be new to you and it is useful to try and 

understand some of the key principles. Cognition is a word to describe what goes on in 

our heads(3). It involves the following cognitive processes; 

• ATTENTION: the process of selecting things to concentrate on. 

• PERCEPTION and RECOGNITION: how we acquire information from the environment. 

• MEMORY: recalling various kinds of knowledge to allow appropriate action. 

• LEARNING: the process of acquiring new long term knowledge or skills. 

• READING, SPEAKING and LISTENING are three forms of language processing that 

have similar and different properties. 

Don't forget, that the words above are just ways to think about the different attributes 

that  'thinking' actually has. They are simply a way to think about thinking, if that makes 

sense!  

These cognitive processes are probably interdependent, for example you need attention 

to decide what to read in a book and memory to recognise the words while you learn 

                                                
1 Hollan, Hutchins and Kirsh: Distributed Cognition: Toward a New Foundation for HCI. 
2 Furniss and Blandford DiCoT Modeling: From Analysis to Design. CHI 2010 paper. 
3 Sharp, Rogers and Preece: Interaction Design. (2007) John Wiley & Sons Ltd. 
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new things. The term Distributed Cognition (DC) is used because many studies that are 

done in control rooms, assume that ‘cognition stays in the head’1. What really happens 

is that cognition is carried out across teams of people and their artefacts. 

The idea is that information is distributed, propogated and transformed. Some really 

obvious examples of distributed cognition would be a sticky note to remind you to do 

something, or placing a finger in a book to keep your place when someone asks you a 

question. In a control room this could be arranging emergency calls in a list in order of 

priority or making a decision based on a colleagues expression on their face. 

4) SUITE OF TOOLS 

This workbook has three themes that you are going to use to model the control room. 

These form the DiCoT framework and DiCoT is just a label that stands for Distributed 

Cognition for Teamwork.  

The three primary THEMES are; 

1. Physical Layout Model  

2. Information Flow Model,  

3. Artefacts Model. 

The three COMPONENTS are; 

1. A set of diagrams, 

2. A set of principles, 

3. A set of tables to summarise and capture 

ideas 

By combining these THEMES and COMPONENTS we have a powerful basis for site 

work. You will use the COMPONENTS to investigate the THEMES and this is called 

modelling. Please see figure 1, that shows the combination of themes and 

components. Each model has some form of visual representation for you to draw, 

with a set of DC principles which relate to the ‘propogation and transformation of 

information’2. THEMES 4 and 5 are still under development. 

5) DIARIES AND EUREA NOTES 

A key part of this process is the need to keep notes as you go along and collect data 

in relation to the work system. Another important approach is the personal 

reflections on using DiCoT with Diary and Eureka Note pages included. A Eureka Note 

is when you suddenly have an understanding of something previously unknown. 

The word ‘Agent’ is used to describe people in the work system who take an active 

role  or produce a specified effect.  People are also referred to as users or staff. 

LAS refers to the original DiCoT study carried out at the London Ambulance Service, 

Emergency Medical Dispatch Room, conducted in 2006. 
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Figure 1: DiCoT framework from Blandford and Furniss 

 

6) PLANNING 

Having a strong site plan is a very important part of capturing data. There are many things to 

consider; access conditions, who are your key contacts, risk assessments, permission forms. 

Each project will be different, so a site specific plan should be devised before embarking on 

any works.  

An ITERATIVE approach for data collection is an important principle that should be 

considered, see the diagram on next page. 
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Figure 2: Typical Site Visit High Level Plan 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Typical site visit detailed steps for data capture with DiCoT 
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Start making notes below. 
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2.0 WORKSHEETS 

1) PHYSICAL MODEL WORKSHEET  

Sketch details of the physical arrangements, workstations, artefacts and actors. 

S1 
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Make notes on what you have sketched 
   

S1 
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2) THE INFORMATION FLOW MODEL 

The diagram below is a high-level input output diagram. It is a starting point for the 
Information flow modelling. Fill out 5 examples of information flow for the work system 
you are looking at. This could be done during staff interviews. This can help define 
information movement and transformations. 
 

 
Figure 4: Simple input output diagram 

  

INPUT
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Call 

OUTPUT
Closest Available 

Resource to incident

SYSTEM FACTORS
Location, Priority

Resource Management

INPUT OUTPUTSYSTEM FACTORS

INPUT OUTPUTSYSTEM FACTORS

INPUT OUTPUTSYSTEM FACTORS

INPUT OUTPUTSYSTEM FACTORS

INPUT OUTPUTSYSTEM FACTORS

S2 
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3) ACTORS AND ROLE TABLE 

 
Actor Role 
  
  
  
  
  
  
  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

Figure 5: ‘Actors’ and roles table 

 
 

  

S3 S3 
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4) INFORMATION FLOW WORKSHEETS  

Use the following Properties (Ps) Filter - Decision Hub – Buffer and connect with 
Communications Channels (Cs). These are taken from the PRINCIPLES. 

S4 
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5) NOTES ABOUT INFORMATION FLOW MODEL 

Enter your descriptions about properties and communication channels 
  

S4 
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6) ARTEFACT MODEL WORKSHEETS  

List out key Artefacts in the table below 
 

 
Artefact Description  

 
  

 
 
 
 
 

   

 

  
 
 
 
 
 
 
 

  
 
 
 
 
 

  
 
 
 
 
 
 
 

  
 
 
 
 
 
 

  
 
 
 
 
 
 
 

 

S5
 

2 
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7) THE ARTEFACT MODEL WORKSHEET A  

Sketch out key artefacts below and describe the interaction in terms of the movement 

and transformation of information.   

S5
 

2 
 



 Commercial in Confidence 

DiCoT	  Workbook	  Version	  F	   14	   December	  2015	  

3.0 DICOT PRINCIPLE TABLES 

1) THE PHYSICAL MODEL PRINCIPLE WORKSHEET 

 

Make notes on any physical principles you have noted 

 
Physical Principles Examples Examples 

1 

Space and Cognition. The role of space 
supporting choice and problem solving. 
For example, ambulance controllers may 
lay information out on their desks in 
ways that support their planning. 

  

2 

 

Spatial representations provide more 
support for cognition than non-spatial 
ones provided that there is a clear 
match between the spatial layout and 
the representation. An example from the 
ambulance control is jobs displayed on 
job stack in order of priority. 

  

3 

Naturalness Principle. Cognition is 
aided when the form of the 
representation matches the properties 
of what it represents.  

  

4 

Subtle Bodily Supports. When 
interacting with the  environment an 
individual may use their body to support 
their cognitive processes; for example, 
pointing at a place in a book whilst 
responding to an interruption is part of 
remembering where we are. 

  

5 

Situation Awareness. One of the key 
aspects of shared tasks is that people 
need to be kept informed of what is 
going on, what has happened and what 
is planned. The quality of this situation 
awareness can be influenced by how 
accessible the work of the team is. This 
can also be influenced by the proximity of 
the person, involving both observation 
and overhearing conversation. 

  

6 

Horizon of Observation. The horizon of 
observation is what can be seen or 
heard by a person. For each person in 
an environment, this depends on their 
physical location, the activities they are 
close to, what they can see, and the 
manner in which activities take place. 
The horizon of observation of a person 
plays a large role in influencing their 
situation awareness. 

  

7 

Arrangement of Equipment. The 
physical layout of equipment affects 
access to information, and hence the 
possibilities for cognition. This applies to 
access to people, their conversations 
and their work as well as to physical 
representations and artefacts. For 
example operators may share access to 
certain items. 
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2) THE INFORMATION FLOW MODEL PRINCIPLES 

This is a worksheet that can be used to record examples of DiCoT principles 
 Principles Examples Examples 
8 Information Movement: Information moves around the 

system. This can be achieved in a number of different 
ways which have different consequences for 
information processing. This can differ in 
representation and physical realisation. Different 
mechanisms include: passing physical artefacts; text; 
graphical representation; verbal; facial expression; 
telephone; electronic mail; and alarms. Even inaction 
might communicate information. 

  

9 Information Transformation: Information can be 
represented in different forms; transformations occur 
when the representation of information 
changes. This can happen through artefacts and 
communications between people. Appropriate 
representations support reasoning and problem 
solving. One important transformation is filtering, in 
which information is gathered, sifted and structured. In 
ambulance control, filtering is a central activity of call 
takers, who solicit and structure information from 
callers for onward transmission to the relevant 
sector desk. 

  

10 Information Hubs: Can be considered as a central 
focus where different information channels meet, and 
where different information sources are processed 
together – e.g. where decisions are made on various 
sources of information [3]. Busy information hubs can 
be accompanied by buffers that control 
the information to the hub, to keep it working effectively 

  

11 Buffering: As information propagates around a system, 
there may be times when the arrival of new info 
interferes with important on-going activity. This can 
create conflict and increase the chances of an error 
occurring, either because the new information gets lost 
or distorted or because the interruption provokes a 
mistake within the on-going activity. Buffering allows the 
new information to be held up until an appropriate time, 
when it can be introduced. In the case of ambulance 
control, radio operators frequently buffer information 
for their sector allocators 

  

12 Communication Bandwidth: Face-to-face 
communications typically impart more information than 
those conducted by other means, including computer 
mediated communication, radio and telephone. This 
richness needs to be recognised when technologies 
are redesigned. 
 

  

13 Informal Communication: Informal communication can 
play an important functional role in the system, 
including the propagation of important information 
about the state of the system, and the transfer of 
knowledge through stories, which can have important 
consequences for learning how the system behaves. 

  

14 Behavioural Trigger Factors: It is possible for a group 
of individuals to operate without an overall plan as each 
member only needs to know what to do in response to 
certain local factors. These can be dubbed ‘trigger 
factors’ because of their property of triggering 
behaviour.  
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3) THE ARTEFACT MODEL PRINCIPLES  

This is a worksheet that can be used to interview staff and explore the DiCoT principles 

 Artefact Model Principles 
Examples Examples 

15 Mediating Artefacts: To support 
activities, people make use of 
‘mediating artefacts’. Mediating 
artefacts include any artefacts that 
are brought into coordination in the 
completion of the task. In 
ambulance control, the ‘tickets’ that 
contain information about incidents 
are essential mediating artefacts, 
being passed around between team 
members and annotated to keep 
track of the state of the incident. 
 

  

16 Creating Scaffolding: people use 
their environment constantly by 
creating “external scaffolding to 
simplify our cognitive tasks”. For 
example, we may create reminders 
of where we are in a task. 
 
 
 
 
 
 
 

  

17 Representation – Goal Parity: One 
way in which external artefacts can 
aid cognition is by providing an 
explicit representation of the 
relationship between the current 
state and a goal state. The closer 
the representation is to the 
cognitive need or goal of the user, 
the more powerful that 
representation will be. In the case of 
ambulance control, the allocator’s 
goal is often to obtain a clear screen 
with no outstanding jobs. 

  

18 Coordination of Resources: 
Resources are described as 
abstract information structures that 
can be internally and externally 
coordinated to aid action and 
cognition. The six resources that 
they describe in their Resources 
Model are: plans, goals, affordance, 
history, action-effect, and current 
state. 
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4.0 SAMPLE DATA FROM PREVIOUS LAS PROJECT 

1) PHYSICAL MODELLING 

 

 

 

Figure 6: Room layout and control desk drawings taken from LAS study. 

Communication	  (access	  to	  actors)	  
The	  sector	  desks	  are	  organized	  roughly	  geographically,	  so	  that	  sectors	  bordering	  each	  other	  are	  close	  by	  for	  communication	  (Principle	  
5).	  This	  arrangement	  is	  chosen	  for	  its	  functional	  properties	  rather	  than	  its	  aesthetic	  appeal.	  When	  an	  allocator	  identifies	  the	  ambulance	  
closest	  to	  an	  incident,	  it	  may	  be	  an	  ambulance	  from	  a	  neighbouring	  sector.	  Permission	  to	  allocate	  ambulances	  from	  different	  sectors	  
has	  to	  be	  obtained	  from	  the	  allocator	  responsible	  for	  the	  ambulance.	  Hence	  ease	  of	  communication	  between	  allocators	  is	  important	  
for	  cross-‐boundary	  working.	  Depending	  on	  where	  the	  allocators	  are	  seated	  in	  the	  room,	  people	  will	  generally	  raise	  their	  voices	  to	  
attract	  their	  attention	  and	  communicate	  with	  them.	  
Access	  to	  artefacts	  
The	  most	  prominent	  shared	  artefacts	  at	  room	  level	  are	  the	  boards	  which	  indicate	  the	  status	  of	  incoming	  calls:	  how	  many	  call-‐takers	  are	  
free,	  and	  the	  percentage	  of	  calls	  that	  have	  been	  answered	  within	  an	  allocated	  time	  period.	  These	  boards	  are	  located	  high	  on	  the	  wall	  
so	  that	  they	  can	  be	  seen	  by	  everyone.	  This	  information	  gives	  an	  indication	  of	  how	  busy	  the	  call-‐takers	  are,	  which	  indirectly	  indicates	  
overall	  workload	  because	  the	  calls	  have	  to	  be	  allocated.	  The	  exception	  to	  this	  general	  rule	  is	  that	  an	  incident	  in	  a	  public	  place	  may	  
result	  in	  duplicate	  calls	  which	  need	  to	  be	  checked	  against	  each	  other	  (to	  verify	  that	  they	  do	  indeed	  refer	  to	  the	  same	  incident),	  but	  not	  
every	  call	  requires	  a	  dispatch.	  
Further	  notes	  
Allocators	  on	  neighbouring	  sectors	  are	  placed	  closer	  together	  so	  that	  they	  can	  communicate	  more	  easily.	  Allocators	  may	  shout	  across	  
the	  room	  to	  gain	  attention	  or	  may	  call	  on	  an	  internal	  line.	  However,	  people	  were	  observed	  taking	  advantage	  of	  environmental	  
affordances	  in	  creative	  ways	  to	  perform	  efficiently;	  e.g.	  two	  people	  were	  observed	  talking	  over	  the	  telephone	  across	  the	  room	  but	  
maintaining	  eye	  contact,	  thereby	  
taking	  advantage	  of	  visual	  cues.	  Call-‐takers	  are	  located	  in	  a	  different	  area	  from	  the	  sector	  desks	  as	  they	  do	  not	  need	  to	  have	  direct	  
contact	  with	  the	  sector	  desks.	  The	  floor	  of	  the	  call-‐taker’s	  area	  is	  on	  a	  lower	  level	  than	  the	  sector	  desk	  area.	  This	  adds	  a	  further	  degree	  
of	  distinction	  between	  the	  two	  and	  could	  help	  to	  prevent	  sound	  travelling.	  The	  control	  desk	  is	  raised	  to	  provide	  an	  overview	  of	  the	  
room	  (Principle	  6).	  
Issues	  
The	  allocators	  are	  not	  always	  within	  easy	  reach	  of	  other	  allocators	  whom	  they	  may	  wish	  to	  contact.	  This	  may	  be	  of	  particular	  
importance	  when	  a	  major	  incident	  requires	  many	  crews	  to	  attend	  from	  different	  sectors.	  The	  display	  giving	  the	  status	  of	  the	  call-‐takers’	  
workload	  and	  performance	  does	  not	  directly	  impact	  on	  the	  allocators’	  workload.	  

Table 1: Original LAS tabular descriptions for physical model 

	  

	  

	  

	  

	  

	  

Table 2: Table of roles from the original LAS study 
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2) SAMPLE DATA FROM LAS INFORMATION FLOW MODELLING 

The	  diagram	  below	  shows	  the	  information	  flow	  for	  communication	  channels	  ‘CH’	  and	  properties	  
‘PT’	  from	  the	  original	  London	  Ambulance	  study.	  Please	  see	  tabular	  discussions	  underneath,	  
describing	  the	  channels	  and	  properties. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Sketch of communications channels C and properties P 

 
	   Channel	   COMMUNICATION	  FLOW	  PROPERTIES	  TABULAR	  DISCUSSION	  
PT1	   Filtering	  of	  

external	  caller	  
information	  

Call-‐takers	  receive	  calls	  from	  external	  callers	  who	  help	  in	  filtering	  out	  the	  required	  
information	  so	  that	  the	  system	  can	  perform	  effectively.	  When	  appropriate,	  they	  will	  also	  
negotiate	  with	  doctors	  on	  times	  that	  hospital	  transfers	  need	  to	  be	  made,	  which	  has	  an	  
impact	  on	  the	  management	  of	  resources	  in	  the	  rest	  of	  the	  system.	  

PT2	   Allocator	  at	  the	  
decision	  hub	  

In	  focusing	  on	  the	  process	  of	  allocating	  ambulances	  to	  incidents,	  the	  allocator	  can	  be	  seen	  
as	  the	  central	  person	  who	  makes	  the	  decision	  of	  what	  ambulance	  should	  go	  where	  and	  
when.	  

PT3	   Buffer	  of	  the	  
telephone	  
dispatcher	  

The	  telephone	  dispatcher	  supports	  the	  allocator	  by	  dealing	  with	  incoming	  telephone	  calls	  
and	  contacting	  outside	  parties	  as	  required	  through	  the	  business	  of	  allocating.	  This	  provides	  
an	  extended	  arm	  of	  communication	  for	  the	  allocator	  and	  protection	  against	  a	  potential	  
barrage	  of	  incoming	  calls.	  

PT4	   Buffer	  of	  the	  radio	  
operator	  

The	  radio	  operator	  supports	  the	  allocator	  by	  dealing	  with	  incoming	  radio	  communications	  
from	  mobile	  crews	  and	  contacting	  them	  whilst	  away	  from	  the	  station.	  This	  provides	  an	  
extended	  arm	  of	  communication	  for	  the	  allocator	  and	  protection	  against	  a	  potential	  
barrage	  of	  incoming	  requests	  and	  queries.	  

PT5	   Discontinuity	  in	  
communication	  
media	  used	  by	  the	  
ambulance	  crews	  

Ambulance	  crews	  have	  two	  main	  forms	  of	  communication	  which	  they	  use	  to	  talk	  to	  the	  
sector	  desk:	  they	  use	  the	  telephone	  when	  they	  are	  at	  the	  station	  and	  away	  from	  their	  
vehicle,	  and	  use	  the	  radio	  when	  in	  their	  vehicle.	  This	  discontinuity	  is	  amplified	  as	  the	  two	  
communication	  channels	  are	  dealt	  with	  by	  different	  people	  at	  the	  LAS	  control	  room.	  

Table	  3:	  Tabular	  discussion	  for	  the	  communication	  properties	  from	  LAS.	  

  

Flow of information by communication 
channels: Ex C, external caller; C, call 
taker; A, allocator; R, radio operator; T, 
telephone dispatcher; Crew St, 
ambulance crew; Crew Mob, ambulance 
crew; Outside, outside contacts. 
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	   Channel	   COMMUNICATION	  CHANNELS	  TABULAR	  DISCUSSION	  
CO1	   External	  caller	  to	  

call-‐taker	  
The	  call-‐taker	  receives	  a	  call.	  The	  external	  caller	  is	  greeted	  and	  taken	  through	  a	  set	  

procedure	  to	  verify	  their	  contact	  information	  and	  location,	  and	  to	  categorize	  the	  call	  
according	  to	  its	  medical	  priority.	  

CO2	   Call-‐taker	  to	  
allocator	  

Once	  the	  call-‐taker	  has	  established	  the	  external	  caller’s	  location	  the	  ‘live’	  file	  is	  
automatically	  linked	  to	  the	  relevant	  sector	  desk	  via	  the	  computer	  system.	  The	  sector	  desk	  
can	  then	  view	  the	  information	  of	  the	  call	  as	  it	  is	  updated.	  The	  allocator’s	  actions	  then	  depend	  
upon	  the	  priority	  of	  the	  incident	  and	  the	  nearest	  available	  crew.	  The	  allocator	  goes	  through	  
roughly	  the	  following	  process.	  
•	  A	  new	  incident	  is	  received	  showing	  first	  the	  location,	  which	  updates	  when	  the	  incident	  

priority	  is	  known.	  
•	  The	  incident	  details	  are	  viewed	  to	  obtain	  an	  overview	  of	  what	  has	  happened.	  
•	  The	  nearest	  vehicle	  screen	  is	  viewed	  to	  see	  which	  crews	  are	  the	  shortest	  distance	  away.	  
•	  The	  process	  for	  allocating	  the	  nearest	  available	  vehicle	  is	  begun;	  this	  may	  need	  the	  

support	  of	  the	  radio	  operator	  (for	  mobile	  vehicles)	  telephone	  dispatcher	  (for	  vehicles	  at	  the	  
station).	  
•	  The	  vehicle	  is	  selected,	  sent	  an	  MDT,	  and	  should	  accept	  the	  call.	  However,	  if	  the	  vehicle	  is	  

at	  a	  station	  it	  will	  need	  to	  be	  called	  before	  this	  happens.	  
	  

CO3	   Allocator	  to	  
telephone	  
dispatcher	  
	  

The	  telephone	  dispatcher	  supports	  the	  allocator	  by	  dealing	  with	  incoming	  telephone	  calls,	  
contacting	  the	  ambulance	  stations,	  and	  dealing	  with	  queries	  that	  arise	  either	  internally	  or	  
externally.	  When	  allocating	  crews	  the	  telephone	  dispatcher’s	  normal	  role	  is	  to	  
contact	  a	  station	  identified	  by	  the	  allocator	  to	  find	  out	  which	  particular	  crew	  will	  attend	  an	  

incident.	  This	  information	  is	  relayed	  to	  the	  allocator	  so	  that	  the	  correct	  crew	  is	  allocated	  the	  
call.	  This	  can	  be	  done	  by	  passing	  the	  incident	  card	  from	  one	  to	  The	  other	  without	  talking,	  

purely	  by	  talking,	  or	  by	  a	  combination	  of	  the	  two.	  
CO4	   Allocator	  to	  radio	  

operator	  
The	  radio	  operator	  supports	  the	  allocator	  by	  dealing	  with	  incoming	  queries	  from	  the	  crews	  

via	  the	  radio,	  informing	  crews	  of	  details	  and	  circumstances	  whilst	  they	  are	  on	  the	  move,	  and	  
checking	  that	  the	  correct	  statuses	  for	  all	  crews	  are	  maintained.	  When	  allocating	  crews	  the	  
radio	  operator’s	  role	  is	  to	  contact	  any	  mobile	  crews	  which	  have	  not	  accepted	  their	  MDT	  
within	  a	  specified	  time	  (approximately	  a	  minute).	  The	  radio	  operator	  also	  gives	  police	  
updates	  to	  the	  crews	  as	  they	  are	  passed	  over	  by	  the	  allocator.	  

CO5	   Telephone	  
dispatcher	  to	  
outside	  

The	  telephone	  dispatcher	  will	  contact	  people	  via	  the	  telephone	  in	  relation	  to	  any	  incident.	  
	  

CO6	   Telephone	  
dispatcher	  to	  
ambulance	  crew	  
at	  station	  

When	  telephone	  dispatchers	  contact	  the	  crews	  it	  might	  be	  to	  check	  the	  status	  of	  vehicles	  at	  
that	  time	  or	  to	  identify	  which	  crew	  will	  respond	  to	  an	  awaiting	  call	  before	  the	  MDT	  can	  be	  
sent	  to	  their	  particular	  vehicle.	  	  

CO7	   Allocator	  to	  
ambulance	  crew	  
(via	  computer	  
system)	  

Allocators	  make	  extensive	  use	  of	  information	  provided	  to	  them	  via	  the	  computer	  system	  to	  
make	  decisions	  in	  managing	  their	  resources.	  This	  includes	  the	  status	  of	  the	  ambulance	  crews	  
and	  their	  location.	  

CO8	   Allocator	  to	  
mobile	  
ambulance	  crew	  
	  

The	  allocator	  normally	  only	  communicates	  directly	  with	  the	  crews	  via	  the	  MDT.	  This	  is	  
usually	  to	  send	  incident	  details	  related	  to	  a	  call	  that	  the	  crew	  should	  attend.	  However,	  there	  
is	  a	  function	  that	  the	  allocators	  use	  which	  enables	  them	  to	  send	  text	  messages	  to	  the	  
crews,	  e.g.	  to	  ask	  them	  a	  question	  or	  to	  remind	  them	  to	  update	  their	  status.	  All	  information	  

that	  requires	  talking	  to	  the	  crews	  should	  be	  done	  through	  the	  telephone	  dispatcher	  and	  
radio	  operator.	  

CO9	   Radio	  operator	  to	  
mobile	  
ambulance	  crew	  

The	  role	  of	  the	  radio	  operator	  is	  to	  be	  the	  main	  point	  of	  contact	  for	  crews	  once	  they	  are	  
mobile.	  This	  involves	  updating	  crews	  with	  further	  information	  and	  dealing	  with	  their	  queries.	  

 
 
 

Table 4: Tabular analysis for the communication channels from LAS. 

 

 



 Commercial in Confidence 

DiCoT	  Workbook	  Version	  F	   20	   December	  2015	  

 

3) SAMPLE DATA FROM LAS ARTEFACT MODELLING 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 8: Artefact Diagram of the unallocated job screen from original LAS study 

 
Table	  showing	  text	  for	  the	  unallocated	  jobs	  screen,	  from	  original	  DiCoT	  study	  
Summary	  (of	  all	  screens)	  
Because	  of	  the	  computerization	  of	  the	  allocation	  system	  much	  of	  the	  work	  of	  the	  sector	  desks	  is	  done	  using	  the	  computer.	  Thus	  the	  
screens	  that	  can	  be	  viewed	  by	  the	  actors	  play	  a	  large	  role	  in	  structuring	  and	  empowering	  the	  calculations	  of	  individuals,	  which	  affects	  
the	  performance	  of	  the	  system.	  
	  
Details	  (of	  unallocated	  jobs	  screen)	  
The	  unallocated	  jobs	  screen	  is	  the	  main	  screen	  that	  the	  allocator	  will	  watch	  to	  see	  incoming	  calls.	  If	  the	  allocator	  is	  in	  a	  ‘neutral’	  mode,	  
i.e.	  not	  taking	  any	  immediate	  action,	  then	  it	  is	  likely	  that	  he/she	  will	  view	  this	  screen,	  waiting	  for	  the	  next	  incoming	  call	  which	  acts	  as	  a	  
trigger	  for	  action.	  The	  Job	  Ref	  contains	  the	  CAD	  number	  which	  will	  appear	  in	  white	  as	  soon	  as	  the	  call-‐taker	  has	  established	  the	  location	  
(this	  allows	  it	  to	  be	  sent	  to	  the	  right	  sector	  desk).	  From	  this	  point	  on	  the	  allocator	  can	  view	  the	  details	  of	  the	  call	  as	  they	  are	  updated	  by	  
the	  call-‐taker.	  Once	  the	  call-‐taker	  reaches	  the	  stage	  of	  establishing	  the	  medical	  priority,	  the	  colour	  will	  change	  appropriately,	  i.e.	  to	  red,	  
amber,	  or	  green.	  
Issues	  
In	  some	  instances	  the	  sector	  desk	  can	  receive	  many	  duplicate	  calls	  about	  the	  same	  incident	  in	  a	  short	  space	  of	  time.	  These	  will	  come	  up	  
as	  separate	  incidents	  and	  quickly	  fill	  the	  space	  on	  the	  screen.	  When	  this	  happens,	  allocators	  can	  change	  to	  a	  screen	  showing	  more	  
incidents	  but	  less	  information	  about	  each.	  There	  is	  a	  tension	  between	  making	  the	  process	  of	  identifying	  duplicate	  calls	  easy	  and	  fast	  for	  
the	  allocators	  and	  ensuring	  that	  no	  mistakes	  are	  made.	  It	  was	  reported	  that	  a	  similar	  accident	  which	  happened	  in	  the	  same	  
road	  at	  the	  same	  time	  was	  classified	  as	  a	  duplicate	  call	  when	  it	  was	  not,	  which	  greatly	  delayed	  emergency	  vehicle	  attendance	  to	  one	  of	  
the	  calls.	  

Table	  5:	  Tabular	  analysis	  for	  unallocated	  job	  screen	  from	  LAS	  
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5.0 EUREKA REPORTS 

Eureka report for noting episodes in which new information is sought or acquired.  

 Give this eureka a title:   

No Describe the thing that you discovered? 

 

 

Time 

 How did you discover this? 

 

 

 

 Distributed Cognition  _____       Other issues ______         Operations  _____  

The eureka effect (also known as the aha! moment or eureka moment) refers to the common human experience of 
suddenly understanding a previously incomprehensible problem or concept.  

 

 
 

Give this eureka a title:  

No Describe the thing that you discovered? 

 

 

 

Time 

 How did you discover this? 

 

 

 

 

 Distributed Cognition  _____       Other issues ______         Operations  _____  

The eureka effect (also known as the aha! moment or eureka moment) refers to the common human experience of 
suddenly understanding a previously incomprehensible problem or concept.  

 

 

E1 
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6.0 DIARY PAGES 
Keeping a record of your thoughts and reflections is important to provide insight into the 
development of DiCoT and data gathering for the socio-technical system.  

  

E2 D1 
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