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This is a theoretical research paper on the human factors concept of situation awareness. The 

research question is “Is Situation Awareness a scientifically viable concept?” The review finds 

that although the concept in its current state needs more development, it can be useful in some 

areas such as in the planning phase of control room design. 
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Introduction 

The construct of Situation Awareness (SA) has been viewed by some human factors researchers 

as an important factor in accidents in complex systems (Salas, Prince, Baker & Shrestha, 1995). 

Although there are important differences of opinion in what constitutes SA, the researchers 

appear to agree that SA refers to the operator‟s allocation of mental resources towards elements 

that are necessary for the satisfactory accomplishment of a task. Most definitions bear 

resemblance to Endsley‟s 3-level definition, which has stood the test of time (Wickens, 2008):  

 

Situation awareness is the perception of the elements in the environment within a volume of time and 

space, the comprehension of their meaning, and the projection of their status in the near future. (Endsley, 

1987b, 1988b, as cited in Endsley, 1995b) 

 

While some basic researchers discuss the constituents of SA, others debate its very existence as a 

scientifically viable construct. Some of the criticism can be related to the view that the concept 

of SA is a gradual reintroduction of mental states into scientific research (Smith & Hancock, 

1995), with “unscientific” introspection being the only source of assessment. In fact, the 

difficulty in measurement of mental states was one of the main reasons for the shift of 

psychology towards behaviorism. It is still a potentially touchy point. Furthermore, the fact that 

Smith and Hancock describe SA as “a facet of consciousness, but not necessarily all of 

consciousness” (1995, p. 146) adds confusion to how we should distinguish SA from other 

constructs. This leaves the research question: Is SA a scientifically viable concept? For the 

purpose of this paper, scientific viability is assessed by the criteria mentioned in Flach‟s (1995) 

and Dekker and Hollnagel‟s (2004) articles. These are whether SA is falsifiable, measurable, 

possible to separate from other constructs, and whether it has explanatory power.  

I have focused on a selection of central theorists‟ articles. My purpose is not to give a 

comprehensive overview of the field, but rather to assess the arguments for and against the 

viability of SA to see if it is possible to reach an agreement on the future of SA. 

Falsifiability 

One of the foundations for the criticism against SA is the claim that the theory of SA cannot be 

falsified. SA is, like other constructs such as complacency and attention, what Dekker and 

Hollnagel (2004) call a folk model. Folk models are laypeople‟s (often unscientific) 



 
3 Situation Awareness: A Scientifically Viable Construct? 

understanding of a given topic or phenomenon. People have an intuitive understanding of how 

their own mind works. Since psychological folk models are based on “common sense”, such 

models are hard to test with refutable hypotheses.  

Dekker and Hollnagel (2004) claim that the SA has the characteristics of a folk model. 

Accordingly, SA cannot be falsified. An airplane crash can be attributed to the pilot having lost 

situation awareness. “Nobody can disagree with that”, they argue, “because the assertion is 

underspecified and therefore immune against falsification” (ibid., p. 81). Their argument is not 

new. Flach states that it is not possible to empirically test whether loss of SA has caused an error 

(1995, p. 154). This is used as foundations for the claim that SA is less falsifiable than previous 

constructs, and that it represents a step backwards in the history of science. Science progresses 

through succession of theories that are increasingly falsifiable and hence more informative: 

 

Yet if we assess “loss of situation awareness” or “complacency” as more novel explanations of phenomena 

that were previously covered by other explanations, it is easy to see that falsifiability has actually 

decreased, rather than increased. (Dekker & Hollnagel, 2004, p. 84) 

 

It is interesting to note that Dekker and Hollnagel‟s statement itself is “underspecified” and 

“immune against falsification”. On one side, they claim that new theories (and hence new 

concepts) should explain (better) what old ones did. On the other side, they accuse SA and 

complacency for substituting old concepts. Their criticism depends on SA and complacency 

being underdeveloped concepts, which they admittedly argue for. However, in its context this 

extract is used as a justification that SA is a folk model. Here we see the contours of a circular 

reasoning: The introduction of SA and complacency is a step backwards for science because 

falsifiability has decreased. Why is it a step backwards? Because the concepts are 

underspecified.  

In their defense, I should point out that Dekker and Hollnagel distinguish between folk 

models and new models. They do mention that new models need time to develop, and that they 

are not folk models although they are immature. According to their argumentation SA and 

complacency are folk models rather than immature concepts, because the new and old terms do 

not differ in anything but the name. It appears that part of Dekker and Hollnagel‟s criticism is 

based on the claim that SA is poorly defined. One of the signs that we are dealing with folk 

models in human factors is that an abstract concept is defined in terms of other, equally 
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underdeveloped concepts, instead of dividing it up into known and well-documented ones. They 

call it explanation by substitution.  

Explanation by substitution leads to several problems. Primarily it gives the false 

impression of developing or strengthening theories. It is becoming “increasingly common … to 

mistake the labels themselves for deeper insight” (Woods, 1993, as cited in Dekker & Hollnagel, 

2004, p. 79). The consequences are that we do not get to know the real mechanisms behind the 

phenomenon, and more importantly that it “limits the scope of available remedial actions” 

(Dekker & Hollnagel, 2004, p. 81). Finally, explanation by substitution creates confusion 

because it makes it harder to establish discriminant validity. Discriminant validity is evidently 

one of the problems of SA, and it is discussed in connection with several topics within this paper.  

Responding to the claim that SA is unscientific, Parasuraman, Sheridan and Wickens 

(2008) object that Dekker and Hollnagel have overlooked a large body of research. Parasuraman 

et al. view the entire folk model argument as irrelevant (ibid.). They claim that there is no 

automatic contradiction between intuitive folk models and objective characterizations. 

Sometimes the two coincide. A rather surprising statement is that they reject the idea that we can 

falsify SA as a concept. Since “[a] construct is not a statement of fact, falsifiability of the 

construct itself is a meaningless notion” (Parasuraman et al, 2008, p. 155). According to them, 

SA is falsifiable in terms of its prediction. Parasuraman et al. do not give any examples, but 

Smith and Hancock have dealt with a similar issue. Quality of a performance that requires SA 

can be assessed (and hence predicted) if the goal of a task is stated in advance (see Smith & 

Hancock, 1995, p. 140).  

What Dekker and Hollnagel should really be criticizing is the application of SA rather 

than the scientific viability itself. A large portion of Dekker and Hollnagel‟s objections towards 

SA as a folk model comes from the applied field of human factors (and in this respect they refer 

mostly to the American and Colombian National Accident Investigation Boards). The fact that 

some professionals apply SA improperly as a cause for accidents says very little about the 

research on the topic (Parasuraman et al., 2008). 

There is some contention about whether SA is falsifiable. The intuitiveness of SA has 

made it a folk model that is difficult to get rid of. Its ability to create explanations or even 

excuses for unwanted behavior can take our focus away from rigorously testing it. However, the 

evidence in support of this claim point primarily to applied misuse. It may well be that SA is a 
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new model rather than a folk model, although it has a history as far back as The First World War 

(Endsley, 1995b). Research has been vindicated. For now.  

Measurement 

While Dekker and Hollnagel object to the existence of SA per se, they do not deny that humans 

have an internal state, or more specifically, an understanding of their environment. Instead of 

measuring inferred states of the mind, we should rather measure human performance (Dekker & 

Hollnagel, 2004). 

 

[It] defies reason why it should be more important to look for measurements of hypothetical internal states 

than for measurements of the performance that admittedly is determined by the internal states! (p. 83) 

 

One way to do this measurement is by assessing SA against an externally verifiable goal (Smith 

& Hancock, 1995). If this is going to work the subject must not know this goal, otherwise he or 

she will focus on solving that problem alone, thus inflating the SA score (see the end of this 

section). But the idea that performance is equal to its underlying internal state has not gone 

uncriticized. Parasuraman et al. (2008) reject this state-performance equation using an example 

of residual attention: 

 

Two people performing the same task … can generate identical behavioral and performance outputs, yet 

one person may have plenty of attention left to allocate to concurrent tasks, whereas the other does not. 

(Vidulich & Wickens, 1986; Yeh & Wickens, 1988, as cited in Parasuraman et al., 2008). 

 

Dekker and Hollnagel (2008), however, claim that it suffices to assess the performance of the 

pilot in relation to the aircraft, because in the end, this is what matters.  

By claiming that it is better to study performance than the underlying cognitions, Dekker and 

Hollnagel make inferences about the connection between internal states and action, inferences 

that can hardly be falsified. A specific behavior can be caused by more than one thing. The result 

is that you think you are measuring SA, but in fact you are measuring the result of a decision 

making process (Parasuraman et al., 2008). To Dekker and Hollnagel‟s defense, we should 

remember that the final goal is to reduce human error. If there is a scientific way of measuring 

the performance outcome of a hypothetical construct of SA, then maybe it is not as important to 

understand the mechanisms behind human error as to prevent them.  
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It is further worthwhile to note that Parasuraman et al. and Dekker and Hollnagel agree 

that internal states affect our performance. Their disagreement is whether these internal states 

(which some call SA) should be measured through performance or through indirect measures. 

Incidentally, Endsley has addressed this topic earlier (1995a).  

There are several ways of measuring internal states, but few of them are useful in 

measuring a dynamic construct like SA. In one of her influential 1995-papers Endsley describes 

four categories of measuring SA; physiological techniques, performance measures, subjective 

measures and questionnaires (Endsley, 1995a). Her conclusion was that SA is best measured 

using a questionnaire in a simulation (Endsley, 1995a; for a more detailed account of the 

strengths and weaknesses of the other methods, please see the appendix). 

 

The described approach is as follows: 

In a cockpit simulation the subject goes through a programmed scenario. At a randomized 

number of seconds (within a specified frame, e.g. between 120 seconds and 150 seconds) all the 

controls go black, and the subject is asked to answer random questions about the status of the 

instrument panel at the point of interruption. The questions are taken from a large pool, thus 

reducing bias (e.g. subjects practicing before the simulation, or guessing what the experimenter 

will ask). According to Parasuraman et al. (2008) each of the three levels of Endsley‟s SA model 

can be tested in a falsifiable way, and such a freeze-simulation questionnaire captures all three 

levels.  

 

There have been some objections to the use of the freeze-simulation questionnaire 

approach (Salmon et al., 2008). Like some of the other techniques, it is dependent upon memory. 

Here we approach another topic of criticism, namely the discriminant validity of SA. Provided 

that the questions give reliable answers, do we know what they measure? This questionnaire 

approach probably taps into working memory, since the questions are asked immediately 

following instrument panel blackout. However, this objection is weakened by the idea that SA 

requires you to constantly retain a model of the situation in your working memory. 

A complete picture of the subject‟s awareness is not possible, as only a randomized selection of 

the questions constitute the questionnaire. Taking into account that some kinds of awareness are 

more difficult than others to verbalize, the test will tend to overlook their effect. This will result a 
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systematic low-report on SA. At this point in time, however, this is not a crucial weakness, and 

despite the objections towards the questionnaire approach, it is the best method I have seen for 

this purpose.  

Causal or descriptive? 

A prevalent criticism against SA is that it is wrongly used as a causal explanation where it should 

be used descriptively (e.g. Dekker & Hollnagel, 2008; Flach, 1995). Why is this distinction 

important to the science of human factors? In general terms, it is important for the sake of the 

science itself. Valid knowledge is an important part in the advancement of a science branch 

(think of phrenology). More specifically, however, it can save lives. Our understanding of SA 

has implications for accident investigations and, through that, accident prevention. In this 

section, I will take a closer look at the arguments against causality. 

Loss of SA is often quoted as the reason for aircraft accidents 

(e.g. Dekker & Hollnagel, p. 79; Endsley, 1995b, p. 33). In a review 

of 200 aviation accidents Hartel, Smith and Prince found that loss of 

SA was the leading cause in most of the accidents (1991, as cited in 

Salas, Prince, Baker, & Shrestha, 1995). The problem is that such a 

statement explains nothing, because it says nothing about the 

mechanisms behind the critical behavior (Dekker & Hollnagel, 2004). 

If a causal explanation does not account for mechanisms, it cannot 

provide testable hypotheses (Flach, 1995). Flach has elaborated on 

this by referring to Benton J. Underwood‟s levels of concepts. SA, 

Flach argues, is a Level-2 concept, but is often talked about as if it 

was a Level-3 concept (see the box on the right side for definitions).  

 

SA is an appropriately descriptive label for a real and important behavioral phenomenon (Level 2 concept). 

The danger comes when researchers slip into thinking of SA as an objective cause of anything (Level 3). 

(Flach, 1995, p. 150) 

 

Flach acknowledges that SA (and the loss thereof) is an existing phenomenon, but it should be 

studied as a condition that facilitates accidents rather than causing them. Declaring causality in 

this case leads to circular reasoning. For example, let us assume an airplane crashes because of 

Level-2 concept: 

Identifies a phenomenon and 

defines/operationalizes its 

components. 

 

Level-3 concept:  

Identifies a phenomenon, but 

“the name is applied to a 

hypothetical process, state, or 

capacity as a cause for the 

observations indicating the 

phenomenon” 
 

(Underwood, 1957, as cited in 

Flach, 1995) 
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loss of SA. We know SA was lost because the human acted inappropriately. The human 

responded inappropriately because SA was lost (Flach, 1995). Here, the conclusion in the first 

sentence is the same as the premise in the second, and vice versa.  

The articles of Flach and Dekker and Hollnagel give a clear impression that a majority of 

researchers consider that there is a causal relationship between SA and accidents. From the 

articles I have read, however, nobody argues that there is a causal explanation of accidents, 

except for the Accident Investigation Boards of the U.S.A. and Colombia (Dekker & Hollnagel, 

2004). However, many of the proponents of SA point to its predictive power, and how much SA 

can explain the variance in human-system performance (e.g. Parasuraman et al., 2008). Wickens, 

for instance, refers to studies that have found SA to “account for added variance in tasks such as 

air traffic control … beyond that accounted for by standard cognitive spatial tests” (Durso, 

Bleckley, & Daniel, 2007; O‟Brien & O‟Hare, 2007, as cited in Wickens, 2008). Parasuraman et 

al. (2008) take it even further by stating that it is not relevant whether there is a causal 

relationship, as long as there is a predictive power. Endsley (1995b) acknowledges that SA can 

affect performance, but denies that good SA guarantees good performance. Hence, we must ask: 

Have the critics of SA confused prediction with causality? Or perhaps the proponents have done 

so? 

The discussion of causality vs. descriptiveness is not so much about usefulness of SA in 

general, but more about how it is most useful. In any case, the reviewed researchers agree that 

SA as we know it does not provide causal explanation for accidents. Some studies show that SA 

can predict and account for variance in performance. Is it then scientifically viable, and ethically 

justifiable to study (the loss of) SA as a causal factor in accidents? If SA has explanatory power, 

then this is a step in the right direction. If it does not, or if we cannot prove it, then at least it can 

be useful for researchers and perhaps accident investigators to group accidents into the 

(descriptive) category “loss of SA” in order to find features common to all of those accidents. 

However, as for now, the chosen literature provides poor foundations for concluding an accident 

investigation with loss of SA being the cause. 
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Is Situation Awareness really useful? 

When discussing the need for a construct such as SA, one important question arises; is it possible 

to distinguish it from other constructs? As earlier mentioned, most of the reviewed researchers 

agree that the condition which SA tries to cover exists. Although SA is theoretically well 

defined, we cannot ignore the objection that it is very similar to other mental constructs.  

A possible consequence of this similarity is that SA will be used far beyond its domain. 

Dekker and Hollnagel compare it with the fate of the Yerkes-Dodson graph from 1908, where 

stress and performance were linked through a U-curve (Dekker & Hollnagel, 2004). In fact, the 

variables were not stress and performance, but stimulus strength and habit formation. The 

measurements were not precise, and the best-fit curve was hardly shaped like a U (Stokes & 

Kite, 1994, as cited in Dekker & Hollnagel, 2004, p. 82). The danger that Dekker and Hollnagel 

warn against is overgeneralization from “narrow laboratory findings … to any broad situation 

[bearing] some … resemblance to the phenomenon … investigated under controlled 

circumstances” (ibid.). With that, this intuitively appealing model displaces other explanations, 

and this is one of the dangers of folk models.  

The similarity of SA to attention, complacency, working memory, consciousness and so 

on leaves another problem, namely low discriminant validity (Dekker & Hollnagel, 2004). 

Endsley herself admits the similarity between her three-level model and the information-

processing model (Endsley, 1995b; Smith & Hancock, 1995). Provided that these two models are 

identical, what is the purpose of researching them as two different concepts? Would 

SA/information processing not benefit from shared resources, instead of reinventing the wheel 

for every new vehicle?  

To some theorists, this uncertainty is sufficient to set the entire concept aside (e.g. 

Dekker & Hollnagel, 2004) and instead use the concepts we already have (such as attention; 

Dekker & Hollnagel). Others admit the existence of SA, and hence also the need for more 

research on SA, while objecting to the confusion created by current conceptualizations of SA as 

“more „boxes‟ in our models” (Flach, 1995, p. 154).  

The retention of SA as a separate construct depends on our ability to distinguish it from 

other constructs, measure it and falsify hypotheses about it. If we can, then we are fine. If we 

cannot, SA can be faced with the same problem as phrenology, namely a dead end. Phrenology 

measured the form and size of people‟s skulls, and claimed that these measurements indicated 
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the level and type of intelligence. The measurements were precise, but their link to intelligence 

was exaggerated. Similarly, we may think we are measuring something useful while SA is not 

even a real state.  Then we should either revise our idea about SA or entirely quit using it. 

Conclusion: The scientific viability of Situation Awareness 

There exists a real mental condition which some name “situation awareness”. The scientific 

problem is whether this phenomenon should be used descriptively or if we can give it 

explanatory power. This is not easy to determine. One problem is the measurement. Endsley 

(1995a) seems to have found a suitable way of measuring a dynamic mental state. Others have 

suggested we measure performance. But performance can be caused by different things, and it 

says little about the mental workload. Furthermore, the subject may decide not to do anything 

about a certain stimulus for the time being, thus making it nearly impossible to accurately 

measure the true reaction time. 

Although it is not established as a causal explanation of accidents, there are some studies 

suggesting a correlation between loss of SA and accidents. This makes it useful from an applied 

point of view. The danger here is that SA becomes a “usual suspect”, explaining everything and 

thus obscuring other possible explanations. This seems to be a bigger problem in the applied 

human factors community than in the research sector. 

From an empirical perspective, the concept of SA will be useless unless it is measurable, 

falsifiable and increases its discriminant validity. My opinion is that the first issue has been 

settled for some time. There is still some debate around the last two issues. However, I believe it 

is a matter of time before they have been adequately addressed.  

The theoretical perspective could benefit from more (scientifically) critical thought. 

Wickens (2008) writes that the viability of SA is “established” by the fact that it is widely used, 

and goes on to state that “such strong criticism is also an index of the value of the SA concept to 

human factors science” (p. 401).  This is, in my opinion, imprecise. The concept‟s widespread 

use means that it is harder to discourage its use in future literature, and even harder to stop 

professionals from using it. In that sense SA is a viable construct. But that certainly does not 

make a concept more scientifically viable. Horoscopes are also widely used, and they are also 

strongly criticized by scientists, yet they are not scientifically viable. The point is that the value 

of a concept cannot be entirely indexed from how heavily debated it is. Both sides provide good 

arguments for their point of view (this should be the index). As much as the research on SA can 
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benefit from the good arguments presented in the recent papers, it also suffers from a second 

“hidden” goal, namely to outwit one‟s opponents. This is particularly visible in the Dekker and 

Hollnagel and Parasuraman et al. articles. While providing a kind of burlesque entertainment to 

outsiders, this is not worthy of scientific papers, and in the long run would discourage future 

researchers from engaging in the scientific part of the discussion.  

I do imagine, though, that SA is a construct that will remain with us for some time. We 

cannot dismiss it all just because of disagreements. Researchers will not stop studying it until it 

is confidently established that there is no significant relationship between SA and human factors-

related variables (as was between head shape and intelligence). 

If SA is a real construct, existing in the mind that is being studied (Flach, 1995), it would 

benefit from integration of the two sides‟ good points. If SA does not exist except for in the 

researcher‟s mind (ibid.), the model described by Endsley will still provide a useful framework 

for improving control rooms and similar installations. After all, it categorizes our perception and 

processing of important information. However, the evidence suggests that SA is indeed a 

condition. Perhaps the future will even show SA loss to be a cause for accidents. I do not believe 

it is a direct cause, but it certainly makes accidents more possible. As such, SA should continue 

to be studied.  

To sum up, the issues covered in this paper have been the measurement issue, the 

falsifiability issue, the causality issue and the discriminant validity. My opinion is that the first 

three have been enough developed to qualify its applied use. This is not to say that research is 

not needed, because there are still unsolved problems. The last issue, discriminant validity, needs 

more development as it is too similar to information processing. These issues affect the scientific 

viability of SA. 
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Appendix 

Measurement Techniques for Situation Awareness in Dynamic Situations 

 
Physiological techniques, 

Provide accurate measurement, but says nothing about how much of the information 

remains in memory, or the comprehension of it.  

 
Performance measures.  

o Global measures. Give only the end result of a long string of cognitive processes. 
o External task measures (artificially changing or removing information). Intrusive. 

Misleading, in that SA is operationalized as immediate reaction. 
o Imbedded task measures (asking for information). May cue the subject, and also derive 

attention away from other important things.   

 

 Subjective measures 
o Self-rating. The ability to report is reduced, since the subjects will not know what is 

going on (they can only rely on their own perception). They also should not know 

what they are being measured on, unless assessed after post-treatment. Then memory 
and rationalizing play confounding roles. Hence, measures confidence in own SA. 

o Observer rating. Observer may have better information about what is going on, but 

limited information about what is going on in the subject‟s head. Does not provide 

complete representation.  
 

 Questionnaires 
o Posttest. Allows time to answer long questionnaires, but detailed information will be 

lost. Misperceptions can be forgotten. Over-generalization and over-rationalization.  
o On-line (asking subjects during performance). Adds to workload, cues the subject.  

o Freeze technique. Avoids interruption, cueing, selective memory. See description of 

the technique.  

 

(Adapted from Endsley, 1995a, pp 66-70) 

 

Endsley‟s SAGAT tool (Situation Awareness Global Assessment Technique) is based on the 

freeze questionnaire approach. According to Salmon et al. (2008) SAGAT‟s weakness is that it is 

based on information processing, whose validity is still under doubt by some (p. 305).  

When measuring SA it is necessary to state a goal (Smith & Hancock, 1995). As 

mentioned in the table above, we cannot rely on introspection. “If the agent were to dictate 

private, incontestable goals, SA would always be perfect because whatever was perceived would 

be great” (ibid, p. 139). 
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