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Abstract 

In science and engineering there is a natural rise and fall of paradigms as progress is made.  In this 

way a new paradigm becomes more established until it gives way to new developments.  We think it 

is legitimate to raise concerns over the status quo and propose new paradigms This is how science 

moves forward, but we do recognise that paradigm owners tend to resist change.  We contend that 

DSA presents a new paradigm for analysing and explaining SA in systems, and there is a groundswell 

of studies that are tipping the balance of evidence in that direction. 

Keywords: Situation Awareness, Distributed Cognition, Cognitive Modelling 

Systems thinking  

Credit where it is due, Endsley’s original 1995 paper in Human Factors has done more to raise the 

general consciousness to the idea of situation awareness than any single article before or since.  For 

that we are grateful.  The world of research has not remained static however, and its focus in Human 

Factors has shifted from the individual person to whole systems (Hutchins, 1995; Rasmussen, 1997; 

Leveson, 2004; Walker et al, 2009a; Wilson, 2012).  We think it is legitimate to raise concerns over 

the status quo and propose new paradigms (Salmon et al, 2008a, 2009;; Sorensen et al, 2011; 

Stanton et al, 2009, 2010).  This is how science moves forward, but we do recognise that paradigm 

owners tend to resist change.  We offer this commentary in the spirit of detached, calm, and 

reasoned academic debate.  Distributed Situation Awareness (DSA) is presented as an alternative 

way of thinking about Situation Awareness (SA) in systems.  As Hutchins (1995) advocated, the unit 

of analysis is not the individual person, or even teams of people (as presented with the three-level 



model), but the entire system under investigation. This notion has gained considerable credence 

within Human Factors, Hollnagel (1993) even suggesting that, due to the complexity of modern day 

socio-technical systems, the study of information processing in the minds of individuals has lost 

relevance. 

It is easy for the research community to fall into the fallacy of the linear flow of the Endsley model 

based on the original paper (1995).  Italics have been added for emphasis: 

“The first step in achieving SA is to perceive the status, attributes, and dynamics of relevant 

elements in the environment” (page 36) 

“Comprehension of the situation is based on the synthesis of disjointed level one elements” (page 

36) 

“Based on knowledge of level one elements, particularly when put together to form patterns with 

the other elements (gestalt) the decision maker forms a holistic picture of the environment, 

comprehending the significance of objects and events” (page 37) 

“... the third and highest level of SA.  This is achieved through knowledge of the status and dynamics 

of the elements and comprehension of the situation (both level 1 and level 2 SA).”  (page 37). 

A later publication exacerbates this confusion (Endsley and Jones, 2012): 

“The first step in achieving SA is to perceive the status, attributes, and dynamics of relevant 

elements in the environment.” (page 14). 

“The second step in achieving good SA is understanding what the data and cues perceived mean in 

relation to relevant goals and objectives.  Comprehension (level 2 SA) is based on a synthesis of 

disjointed level 1 elements [..]” (page 16). 

And finally: 

“A person can only achieve level 3 SA by having a good understanding of the situation (Level 2 SA) 

and the functioning and dynamics of the system they are working with” (page 18). 

We agree with Endsley that there are subtleties, what we disagree about is the ability of the three-

level model to cope with them (Salmon et al, 2009a, b; Sorensen et al, 2011). On the one hand 

Endsley (this issue) puts forward seven fallacies which it is felt other models fall into and promulgate 

through the literature, causing confusion.  On the other hand is the much simpler idea that due to 

the complexity of the socio-technical systems which form the subject of much contemporary 

analysis, the study of information processing in the mind of individuals has lost relevance (Hollnagel, 

1993).  Endsley and colleagues have made unquestionably good progress on numerous thorny 

psychological issues around their model, but we contend there is a much more elegant solution; 

instead of looking at the information processing of a person (or persons) embedded in a situation, 

look instead at the interactions or transactions that take place between actors.  From nodes to links: 

this is the main essence of DSA and indeed other human factors systems thinking approaches (e.g. 

Rasmussen, 1997). This approach overcomes the much more fundamental fallacy that we cannot 

ever know completely what is going on in peoples’ minds (Dekker et al, 2010; Dekker, 2013).  We 



therefore invite the reader with an open mind on our journey of discovery and let them decide for 

themselves. 

Going out into the world – Observational Studies of Command and Control 

Our interests in situation awareness began with studies of teams in military (Stanton et al, 2006; 

Stewart et al, 2008; Stanton et al, 2009a) and civilian (Salmon et al, 2008a; Stanton et al, 2009b; 

Walker et al, 2010) command and control domains.  We were faced with the task of collecting 

exhaustive data on how multi-person teams distributed across multiple locations performed in 

training and real operational settings, but were unable to interfere with their tasks, and certainly not 

allowed to interrupt their work.  Thus our methods had to be non-intrusive and naturalistic.  Despite 

initially wanting to apply SAGAT, these real-life demands meant that we could not use the approach 

and had to rely on other data collection methods, such as recording of conversations and 

communications (Rafferty et al, 2012) and post-hoc interviews using the Critical Decision Method 

(Klein et al, 1989).  In the air traffic domain, for example, we recorded all of the communications 

from the controller’s desks and video recorded their activity (Walker et al, 2010).  In the naval 

domain we had access to all of the voice communications in the command team as they performed 

their training activities (Stanton et al, 2006). In the energy distribution domain we had access to 

procedures, voice communications, and critical decision method interview transcripts (Salmon et al, 

2008a).  When it came to analysing these data, it was clear we had direct access to exactly what was 

going on in the command and control teams and were able to represent the system’s awareness in 

its entirety using propositional networks.  These networks can be used to understand the dynamics 

of awareness as it changes and propagates through a system.  Through this the distributed nature of 

awareness became very apparent to us (Stanton et al, 2006; Stanton et al, 2008; Salmon et al, 

2008b; 2009a; Walker et al, 2010; Walker et al, 2006).  It is clear that in these types of environments 

each ‘agent in the system’ has quite different goals and tasks and consequently has a very different 

understanding of the situations they were working in, even when presented with the some or all of 

the same data.  This view offers compelling and useful insights into the distributed nature of 

awareness in complex socio-technical systems. 

Going back into the lab – testing SAGAT 

We have tried hard to be good three-level theorists in our experimental studies; we were concerned 

with the way in which media could be designed to keep distributed teams involved in a collaborative 

task (Walker et al. 2009b). Different media were investigated to support the collaboration. There 

were four conditions: voice only (a telephone link between participants); voice and video (a live 

video link between participants); voice and data (an electronic shared workspace); voice, video and 

data (all three media). The participants had to undertake a simulated mission-planning task. At 

various stages in this task, the participants were stopped and they were asked questions about the 

tasks consistent with levels one, two and three of Endsley’s model via the SAGAT method (the 

freeze, blank and probe approach). The measure of SA had been expected to indicate better media 

for supporting the distributed team. In the event, SAGAT results showed best performance on the 

worst, voice-only condition. As the media became richer, the SAGAT scores became poorer. Whilst it 

seems obvious now, it was against the hypothesis that SA would be better in the media-rich 

condition (i.e., voice, video and data). The explanation lies in  the greater the support from the 

environment, the less the person has to remember as the artefacts in the system hold the 



information (similar to the manner in which mobile phones hold our contact numbers). In the same 

way that pilots use the speed bugs to remember for them (Hutchins, 1995), the participants were 

using the video and shared electronic workspace to remember.  Similar findings are being reported 

in the wider literature (Sparrow, 2011). The awareness of the system was distributed across the 

agents and media and therefore the levels of SA held ‘in-the-heads’ of participants, as scored by the 

SAGAT approach, were found to be poor. Only when deprived of the support were the human 

agents forced to remember the planning details. If this information was taken at face value, it might 

have led to recommending the poorest medium for the design of the system (i.e. voice only). In the 

end, it was realised that it was necessary to consider the system as a whole, the socio-technical view 

of DSA led to a different, and considerably richer, conclusion for system design.  This theory has led 

us into many new domains, including road design (Walker et al, 2012), evaluation of road systems 

and road user behaviour (Salmon et al, 2012, In Press) and advanced driver training (Walker et al, 

2009c). 

 

DSA as the alternative paradigm 

In the original paper specifying the DSA theory and approach, Stanton et al. (2006) indicate how the 

system can be viewed as a whole, by consideration of the information held by the artefacts and 

people and the way in which they interact. The dynamic nature of SA phenomena means they 

change moment by moment, in light of changes in the task, environment and interactions (both 

social and technological). These changes need to be tracked in real time if the phenomena are to be 

understood (Patrick et al., 2006).  DSA is considered to be activated knowledge for a specific task 

within a system at a specific time by specific agents. By agent, it is intended to mean either a human 

or non-human actor in a system. Whilst this can be challenging when viewed through a cognitive 

psychology lens, from a systems perspective it is not (e.g. Hutchins, 1995; Rasmussen, 1997; 

Leveson, 2004; Walker et al, 2009a; Wilson, 2012).  Thus, one could imagine a network of 

information elements, linked by salience, being activated by a task and belonging to an agent.  The 

“hive mind” of the system, if you will (Seeley et al, 2012). To understand how this might work, 

imagine a network where nodes are activated and deactivated as time passes in response to changes 

in the task, environment and interactions (both social and technological). Viewing the system as a 

whole, it does not matter if humans or technology own this information, just that the right 

information is activated and passed to the right agent at the right time.  This idea is founded on the 

theory of ‘transactional memory’ which discovered the reliance that people have other people 

(Wegner, 1986) and machines (Sparrow et al, 2011) to remember for them.  It does not matter if the 

individual human agents do not know everything (indeed it would be impossible for them to), 

provided that the system has the information, which enables the system to perform effectively 

(Hutchins, 1995).  We know that agents are able to compensate for each other, enabling the system 

to maintain safe operation (i.e., there is no one best way – as described by the advocates of 

Cognitive Work Analysis, see Vicente, 1999).  This dynamism is impossible to model using 

reductionist, linear, approaches.  The systems thinking paradigm provides the necessary theoretical 

foundations and tools to explore the non-linearity experienced in complex socio-technical systems 

(Walker et al, 2010).  For a more complete explanation of DSA theory and measurement, the 

interested reader is referred to the book by Salmon et al (2009). 



One of the core misconceptions expressed by Endsley (this issue) is that the DSA approach has no 

accompanying methodology to support the design of systems nor to undertake analyses of DSA in 

the wild. This is incorrect. The EAST methodology (see Stanton et al, 2013), which incorporates the 

propositional network approach to describe DSA, has been applied pro-actively to model DSA across 

different system design concepts (Baber et al, 2013) and used to assess DSA in all manner of 

complex naturalistic settings (e.g. Salmon et al, 2008; Stanton, In Press; Walker et al, 2013). In 

addition, the authors have used EAST to generate DSA requirements specifications in systems 

design. For example, this approach was used by the authors to examine DSA during a large scale UK 

Army field trial of a new £2.4bn mission planning and battlespace management system (Stanton et 

al, 2009). The DSA approach was the only methodology that could be usefully applied to assess 

situation awareness in this complex naturalistic setting. Based on live observations the DSA analysis 

identified system design issues adversely impacting on DSA (Salmon et al, 2009). The outputs were 

used to generate concrete system redesign recommendations (Stanton et al, 2009) which have been 

subsequently implemented.  Consequential improvements in system performance were observed. 

The relationship between SA and task performance has remained resolutely difficult to prove, some 

research both proving and falsifying the link, even within the same study (Endsley, 1995).  This begs 

the question of why bother with SA if it is not telling us anything about how teams actually perform 

on tasks?  The systems view of SA is not as equivocal.  We have conducted experimental research 

into the conversations teams have when performing tasks and found a very strong positive 

relationship between DSA and the team’s performance on the task (Sorensen and Stanton, 2013).  

We have also shown the same effect in high fidelity, pre-deployment, training environments 

(Rafferty et al., 2013).  DSA, therefore, does tell us how teams actually perform, making SA as a 

concept more, rather than less, useful.  This is a key insight that has been supported by the research 

of others (Bleakey et al, 2011; Golightly et al, 2013; Patrick and Morgan, 2010). 

Revolutionary newcomer 

In science and engineering there is a natural rise and fall of paradigms as progress is made.  In this 

way a new paradigm becomes more established until it gives way to new developments.  We 

contend that DSA presents a new paradigm for analysing and explaining SA in systems, and there is a 

groundswell of studies that are tipping the balance of evidence in that direction (Bourbousson et al, 

2011; Fioratou et al, 2010; Golightly et al, 2010; Golightly et al, 2013; Macquet and Stanton, 2014; 

Patrick and Morgan, 2010 and others).  We do not expect the debate to end here, but we do 

encourage the reader to approach all of the ideas with an open mind, try out the approaches and 

decide for themselves (e.g., Haavik, 2011; Schulz et al, 2013).   

References 

Baber, C., Stanton, N. A., Atkinson, J., McMaster, R. and Houghton, R. J. (2013). Using social network 

analysis and agent-based modelling to explore information flow using common operational pictures 

for maritime search and rescue operations. Ergonomics, 56 (6), pp. 889-905. 

Bleakley, A., Allard, J. and Hobbs, A.  (2013)  ‘Achieving ensemble’: communication in orthopaedic 

surgical teams and the development of situation awareness—an observational study using live 

videotaped examples.  Advances in Health Sciences Education, 18, 33–56. 



Bourbousson, J., Poizat, G., Saury, J. and Seve, C.  (2011) Description of dynamic shared knowledge: 

an exploratory study during a competitive team sports interaction, Ergonomics, 54 (2), 120-138. 

Dekker, S. W. A., Hummerdal, D. H., Smith, K. (2010). Situation awareness: some remaining 

questions. Theoretical Issues in Ergonomics Science, 11:1-2, pp. 131-135. 

Dekker, S. W. A. (2013). On the epistemology and ethics of communicating a Cartesian 

consciousness. Safety Science, 56, pp. 96-99. 

Endsley M. R.  (1995)  Towards a theory of situation awareness in dynamic systems. Human Factors, 

37, 32–64. 

Endsley, M. R. and Jones, D. G.  (2012)  Designing for Situation Awareness.  CRC Press, Boca Raton, Fl. 

Fioratou, E., Flin, R., Glavin, R. and Patey, R.  (2010)  Beyond monitoring: distributed situation 

awareness in anaesthesia.  British Journal Anaesthesia, 105 (1): 83-90. 

Golightly, D., Ryan, B., Dadashi, N., Pickup, L. and Wilson, J. R.   (2013)  Use of scenarios and function 

analyses to understand the impact of situation awareness on safe and effective work on rail tracks, 

Safety Science, 56, 52-62. 

Golightly, D., Wilson, J. R., Lowe, E. and Sharples, S.  (2010) The role of situation awareness for 

understanding signalling and control in rail operations, Theoretical Issues in Ergonomics Science, 

11:1-2, 84-98. 

Griffin, T.G.C., Young, M.S. and Stanton, N.A. (2010) Investigating accident causation through 

information network modelling. Ergonomics, 53 (2), 198-210.  

Haavik, T. K.  (2011)  Chasing shared understanding in drilling operations.  Cognition, Technology and 

Work, 13, 281-294. 

Hollnagel, E. (1993). Human reliability analysis: context and control. Academic Press, London. 

Hutchins, E. (1995). Cognition in the Wild. MIT Press, Cambridge, Massachusetts. 

Klein, G., Calderwood, R., and McGregor, D. (1989). Critical decision method for eliciting knowledge. 

IEEE Transactions on Systems, Man & Cybernetics, 19:3, pp. 462-472. 

Leveson, N. (2004). A new accident model for engineering safer systems. Safety Science, 42:4, pp. 

237-270. 

Macquet, A. and Stanton, N. A.  (2014)   Do the coach and athlete have the same 'picture' of the 

situation?  Distributed Situation Awareness in an elite sport context.   Applied Ergonomics.  (in 

press). 

Patrick, J. and Morgan, P. L.  (2010)  Approaches to understanding, analysing and developing 

situation awareness,  Theoretical Issues in Ergonomics Science, 11 (1-2), 41-57. 

Rafferty, L. A., Stanton, N. A. and Walker, G. H.  (2013)  Great Expectations: A thematic analysis of 

situation awareness in fratricide.  Safety Science, 56, 63-71. 



Rasmussen, J.  (1997)  Risk management in a dynamic society: a modelling problem.  Safety Science, 

27 (2-3), 183-213.   

Salmon, P.M., Stanton, N.A., Walker, G.H., Jenkins, D.P., Baber, C., and McMaster, R., (2008b), 

Representing Situation Awareness in Collaborative Systems: A Case Study in the Energy Distribution 

Domain., Ergonomics, 51 (3), 367–384. 

Salmon, P. M., Stanton , N. A., Walker, G. H., and Jenkins, D. P. (2008a) What really is going on? 

Review of Situation Awareness Models for Individuals and Teams . Theoretical Issues in Ergonomics 

Science, 9 (4), 297-323. 

Salmon, P. M., Stanton, N. A., Walker, G. H. and Jenkins, D. P.  (2009a)  Distributed Situation 

Awareness: Theory, Measurement and Application to Teamwork.  Ashgate: Aldershot. 

Salmon, P. M., Stanton, N. A., Walker, G. H.,  Jenkins, D. P., Ladva, D., Rafferty, L. and Young, M. S. 

(2009b). Measuring Situation Awareness in complex systems: Comparison of measures study.  

International Journal of Industrial Ergonomics, 39 (3), 490-500. 

Salmon, P. M., Stanton, N. A., Walker, G. H., Jenkins, D. P. and Rafferty, L.  (2010) Is it really better to 

share? Distributed situation awareness and its implications for collaborative system design. 

Theoretical Issues in Ergonomics Science, 11, (1), 58-83. 

Salmon, P. M., Stanton, N. A. and Young K. L.  (2012)  Situation awareness on the road: review, 

theoretical and methodological issues, and future directions.  Theoretical Issues in Ergonomics 

Science,13 (4), 472-492. 

Salmon, P. M., Lenne, M. G.,Walker, G. H., Stanton, N. A., Filtness, A. (In Press). Exploring schema-

driven differences in situation awareness across road users: an on-road study of driver, cyclist and 

motorcyclist situation awareness. Ergonomics, accepted for publication October 2013. 

Schulz, C. M., Endsley, M. R., Kochs, E. F. Gelb, A. W. and Wagner, A. J. (2013)  Situation Awareness 

in Anaesthesia: Concept and Research.  Anaesthesiology, 118 (3), 729-742. 

Seeley, T.D., Visscher, P.K., Schlegel, T., Hogan, P.M., Franks, N.R., and Marshall, J.A.(2012). Stop 

signals provide cross inhibition in collective decision-making by honeybee swarms. Science, 335 

(6064), 108-11.  

Sorensen, L. J., Stanton, N. A. and Banks, A. P.  (2011)  Back to SA school: contrasting three 

approaches to situation awareness in the cockpit.  Theoretical Issues in Ergonomics Science, 12 (6), 

451-471. 

Sorensen, L. J. and Stanton, N. A.  (2013)  Y is best: How Distributed Situational Awareness is 

mediated by organisational structure and correlated with task success.  Safety Science,  56, 72-79. 

Stanton, N. A.  (in press)  Representing Distributed Cognition in Complex Systems: How a submarine 

returns to periscope depth.  Ergonomics,  DOI:10.1080/00140139.2013.772244. 

Stanton, N.A., Stewart, R., Harris, D., Houghton, R.J., Baber, C., McMaster, R., Salmon, P., Hoyle. G., 

Walker, G., Young. M.S., Linsell, M., Dymott, R. and Green, D. (2006) Distributed situation awareness 



in dynamic systems: theoretical development and application of an ergonomics methodology.  

Ergonomics, 49 (12-13), 1288-1311. 

Stanton, N. A., Salmon, P. M., Walker, G. H., and Jenkins, D. P. (2009b). Genotype and phenotype 

schema and their role in distributed situation awareness in collaborative systems. Theoretical Issues 

in Ergonomics Science, 10 (1), 43-68. 

Stanton, N. A., Salmon, P. M., Walker, G. H., and Jenkins, D. P. (2009a). Genotype and phenotype 

schemata as models of situation awareness in dynamic command and control teams. International 

Journal of Industrial Ergonomics, 39 (3), 480-489. 

Stanton, N. A., Salmon, P. M., Walker, G. H. and Jenkins, D. P. (2010) Is situation awareness all in the 

mind? Theoretical Issues in Ergonomics Science, 11 (1), 29-40. 

Stanton, N. A., Salmon, P. M., Rafferty, L. A., Walker, G. H., Baber, C. and Jenkins, D.  (2013)  Human 

Factors Methods: A  Practical Guide for Engineering and Design (second edition).  Ashgate, 

Aldershot. 

Stewart, R., Stanton, N. A., Harris, D., Baber, C., Salmon, P. M., Mock, M., Tatlock, K., Wells, L. and 

Kay, A. (2008). Distributed situation awareness in an airborne warning and control system: 

application of novel ergonomics methodology. Cognition Technology and Work, Vol 10, 3, pp. 221 – 

229.  

Sparrow, B., Liu, J. and Wegner, D. M. (2011)  Google Effects on Memory: Cognitive Consequences of 

Having Information at Our Fingertips,  Science 333 (6043), 776–8. 

Vicente, K. J.  (1999)  Cognitive Work Analysis: Toward Safe, Productive, and Healthy Computer-

Based Work.  Lawrence Erlbaum Associates, Mahwah, NJ. 

Erlbaum Associates, Mahwah, NJ.Walker, G. H., Stanton, N. A. and Chowdhury, I. (2013)  Situational 

awareness and self explaining roads.  Safety Science, 56, 18-28 

Walker, G. H., Stanton, N. A., Kazi, T. A., Salmon, P. M., and Jenkins, D. P. (2009c). Does advanced 

driver training improve situation awareness? Applied Ergonomics, 40 (4), 678-87. 

Walker G.H., Stanton N.A., Salmon P.M., Jenkins D.P., (2009b). How can we support the 

commander’s involvement in the planning process? An exploratory study into remote and co-located 

command planning. International Journal of Industrial Ergonomics, 39 (2), 456-464. 

Walker, G. H, Stanton, N. A., Salmon, P. M. and Jenkins, D. P. (2009a).  Command and Control: The 

Sociotechnical Perspective.  Farnham, UK: Ashgate.   

Walker, G. H., Stanton, N. A., Salmon, P. M., Jenkins, D. P. and Rafferty, L. (2010).  Translating 

concepts of complexity to the field of ergonomics.  Ergonomics, 53(10), 1175 - 1186. 

Wegner, D. M. (1986). Transactive memory: A contemporary analysis of the group mind. In B. Mullen 

and G. R. Goethals (Eds.), Theories of Group Behavior (pp. 185-208). New York: Springer-Verlag  

Wilson, J. R.  (2012)  Fundamentals of systems ergonomics.  Work, 41, 3861-3868. 



 


