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Abstract. Safe driving requires a mental representation of objects and situ-
ational features relevant to the driver’s behavior. This includes the generation of 
predictions of how the situation will develop in the near future. These processes 
are summarized under the term “situation awareness”, previously proposed in 
the aviation domain. By now the cognitive mechanisms underlying situation 
awareness are far from being understood properly. In this paper we propose a 
theory that is based on results from studies in language understanding [1] and 
attention [2] and that is applied to the driving context. Mechanisms for the con-
struction of a situation model and for the selection of actions are outlined. Fi-
nally, predictions of the model concerning the effect of experience, relevance, 
and criticality on the drivers´ mental representation are investigated. In a second 
study the effects of cognitive tasks on predicting events in traffic are focused.  
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1   Introduction 

Drivers have to correctly perceive, identify, and interpret the relevant objects and 
elements of the current traffic situation and they have to consider these elements in 
planning and controlling their behavior. Such elements may be other traffic partici-
pants, traffic signs or weather conditions. Drivers do not just have to perceive these 
elements but they have to understand them according to their relevance with regard to 
safe and efficient driving. An additional requirement is that drivers must also make 
predictions about the future actions or states of these entities. A concept - situation 
awareness - that was developed in the aviation domain has recently become rather 
popular also in traffic psychology. It aims to describe and integrate these different 
cognitive processes [3], [4], [5]. In this paper we will outline a cognitive model of 
memory-update processes connected to the comprehension of driving situations that is 
described in more detail in [6]. Finally we will summarize results from experimental 
studies. 

In Endsley´s theory [5] of situation awareness three levels are distinguished. The 
first level involves the perception of the status, the attributes, and the dynamics of the 



 Driving and Situation Awareness 987 

relevant situation elements. The second level, the comprehension level, involves inte-
grating the different situation elements into a holistic picture of the situation, resulting 
in the comprehension of the meaning of the different elements. The third level in-
volves the generation of assumptions about the future behavior of the elements on the 
basis of the comprehension of the situation.  

However, Endsley’s [5] model does not specify the cognitive mechanisms underly-
ing cognitive performance. It is unclear, how one achieves the comprehension of a 
situation from the perception of the elements of this situation, and how assumptions 
about their future behavior are generated. In [6] and [7] a model of how situation 
awareness is “constructed” while driving is proposed. This model assumes that the 
comprehension of the meaning of perceived situation elements is achieved through 
comprehension processes that are similar to those involved in language comprehen-
sion, in particular in understanding text, e.g., [1]. By these comprehension processes a 
mental representation of the current situation is constructed and constantly updated 
with new information. This situation model is used as context for the interpretation of 
new information. 

2   Basic Mechanisms 

The level of concern for models of situation awareness is the algorithmic level, in 
Marr´s [8] or Newell´s [9] terminology, in contrast to the functional or implementa-
tion level. At the algorithmic level of analysis an information processing system is de-
scribed in terms of information processing steps and a functional architecture. The 
goal at this level is to identify the connection between the functional description of 
the information processor and its implementation. This is achieved when the compu-
tational steps an information processing system takes can be described in terms of 
primitive functions that are implemented in the system’s hardware. In this sense the 
three levels of situation awareness in Endsley’s [5] model can be viewed as different 
functions of situation awareness. The goal of our research is to move the algorithmic 
analysis and description of situation awareness a step further and to come closer to a 
more complete algorithmic analysis of situation awareness.  

Our model views the construction and maintenance of situation awareness as a 
comprehension process. Essentially it assumes that the comprehension process for 
understanding the meaning of different elements in a situation is comparable to the 
comprehension process for understanding language or discourse. In both cases an in-
tegrated mental representation of the perceived and processed pieces of information is 
constructed. This representation reflects the understanding of these elements. Funda-
mental to our approach is Kintsch’s [1] Construction-Integration theory of text com-
prehension. As was explained above, situation awareness is a dynamic representation 
that is influenced both by the situation and the actions of the person. Therefore, for a 
model of situation awareness to be complete it has to specify how situation awareness 
is translated into action. A theory, that can be used here is Norman and Shallice’s [2] 
theory of action selection. With the combination of these two theories it is possible to 
describe in more detail how situation awareness is constructed, maintained, and used 
as a basis for action selection. 
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2.1   Comprehending the Situation 

According to [1], comprehending new information involves two phases. In the con-
struction phase, the perception of new pieces of information activates knowledge 
structures in long-term memory, such as propositions and schemata that are associated 
with these pieces of information. This activation process is undirected and follows al-
ready established associations among these different pieces of knowledge. The result 
of this automatic activation process is a rather unstructured activation of knowledge in 
long-term memory. This activated knowledge then becomes integrated during the  
integration phase. Integration is accomplished through inhibitory and excitatory proc-
esses: knowledge that was activated in the first phase and is compatible to already ac-
tivated knowledge (i.e., to the existing situation model), will remain activated and at 
the same time will activate other knowledge compatible with it. Simultaneously, in-
compatible pieces of knowledge inhibit each other.  

The result of these two phases is an episodic memory representation. [1] distin-
guishes between two components of the episodic memory representation: the textbase 
and the situation model. The textbase consists of information that is directly derived 
from the text. The situation model results from the connection between the text repre-
sentation and the comprehender’s world knowledge. Translated into the domain of 
driving and situation awareness we propose that the episodic memory representation 
similarly consists of two components: a situation specific representation and the situa-
tion model. The situation specific representation consists of information that is directly 
perceived from the environment. This mainly includes the situation elements the driver 
perceives and information about the status of these elements that can be directly per-
ceived, such as one’s own speed. It also might include inferences that can be directly 
made from the perception of the situation elements and their status, such as that one’s 
own speed is greater than the speed of the lead vehicle. This representation might re-
flect what [10] assigns to the first level of situation awareness. The situation model 
probably reflecting Endsley’s second and third level of situation awareness then results 
from the connection between this situation specific representation and the driver’s 
world knowledge. Through this connection the perceived configuration of situation 
elements becomes connected to the mental representation of previously experienced 
situations with similar configurations of elements resulting in an interpretation of the 
current situation. In this sense, the interpretation of a current traffic situation greatly 
depends on the driver’s available knowledge about previously encountered traffic 
situations. This might at least in part explain the advantage of experienced drivers 
compared to novice drivers in hazard perception [11], [12], [13]. Experienced drivers 
have a much greater chance of having stored in long-term memory the relevant infor-
mation that identifies the current situation as dangerous because their database of ex-
perienced traffic situations is much greater than that of novices. But the situation 
model does not only provide interpretations of the current situation, such as whether it 
is dangerous or not. It also contains expectations about the future development of the 
current situation and the future behavior of the relevant elements. These expectations 
are also derived from prior experiences that get connected to the situation specific rep-
resentation. For the construction process of a coherent situation model it is necessary 
that when new information is perceived those parts of the situation model relevant for 
the interpretation of this new piece of information have to be available in working 



 Driving and Situation Awareness 989 

memory [14], [15]. Because of the amount and the complexity of the information that 
has to be represented in the situation model, such as the position and speed of other ve-
hicles near to the own vehicle, traffic rules defined by signs, the status of the road sur-
face and so on, it is assumed that the situation model contains much more information 
than can be kept active in working memory. Therefore a mechanism is necessary that 
allows to keep this information stored in long-term memory but makes this information 
reliably available for processing when it becomes relevant. 

The theory of long-term working memory (LT-WM) describes a mechanism [16] 
that could provide such a function. According to LT-WM theory “cognitive processes 
are viewed as a sequence of stable states representing end products of processing […] 
acquired memory skills allow these end products to be stored in long-term memory 
and kept directly accessible by means of retrieval cues in short-term memory” ([16] 
p.211). Such set of retrieval cues are arranged into stable retrieval structures that can 
have many different forms depending on the domain. In the case of driving such re-
trieval structures might be based on the huge amount of driving situations an experi-
enced driver encountered. The experienced driver possibly developed many highly 
differentiated schemata of driving situations that allow him to easily identify many 
different types of driving situations. Such a mechanism might, for example, at least in 
part explain why experienced drivers are much better and much faster in identifying 
dangerous traffic situations than less experienced drivers [17], [18], [19]. 

In general, we assume that the different levels of situation awareness are highly in-
terconnected as they are part of an unitary episodic memory representation. By using 
Kintsch’s [1] Construction-Integration theory of text comprehension the model speci-
fies a mechanism of how this representation is constructed starting from the percep-
tion of elements of the current situation. It is accomplished by a two-phase process. 
The first phase consists of an unstructured activation process, the second phase is a 
constraint-satisfaction process. This constraint-satisfaction process keeps the repre-
sentation of the current situation coherent through the activation of compatible 
knowledge and inhibition of incompatible knowledge. 

2.2   Action Selection and the Control of Behavior 

While building up the representation of the situation, not only knowledge relevant to 
the interpretation of the situation and its future development gets activated, but also 
other actions that are appropriate in the current situation. According to the framework 
of [2], actions are represented as schemata. These schemata are procedures for the 
control of routine tasks. Schemata are organized in hierarchies. There are also connec-
tions to functionally related schemata or to schemata that are incompatible. The con-
nections are either excitatory, like the connections from a superordinate schema to its 
subordinates, or inhibitory if the schemata are incompatible with each other, such as 
accelerating or decelerating when facing a yellow traffic light. Each schema is con-
nected with trigger conditions that activate the schema if present in the current situa-
tion representation. So, the activation of situation appropriate actions becomes part of 
the construction of the situation representation. Experience is the major factor that 
connects these trigger conditions to action schemata. Successfully performing an ac-
tion in a certain situation will establish excitatory links between relevant elements of 
the situation and this action schema. Afterwards, these elements will then become the 
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trigger conditions for this schema. A failure in performing this action in this situation 
may reduce the strength of already existing excitatory connections or might even es-
tablish inhibitory links between relevant situation elements and the action schema. If 
more than one schema is activated a selection has to be made. Norman and Shallice 
[2] propose a mechanism called contention scheduling which operates on two proc-
esses: competition, the different action schemata compete with one another for their 
activation value, and selection, which takes place on the basis of the activation alone. 
Contention scheduling is sufficient to control well learned, simple action sequences. It 
resolves competition for selection, prevents competitive use of common resources, 
and negotiates cooperative use of common resources when possible. 

If a schema is not available, or when the task is novel or complex, another control 
structure is necessary. [2] call this structure the Supervisory Attentional System 
(SAS). It allows for voluntary, attentional control of performance. The SAS is an at-
tentional system that influences the selection of schemata in the contention scheduling 
process by providing additional activation and/or inhibition to schemata in order to 
bias their selection. The selection process itself is always based on the highest activa-
tion values of the competing schemata. This system allows for top-down influences in 
the action selection process.  

To summarize, two well established theories, Kintsch’s [1] Construction-
Integration theory of text comprehension and Norman and Shallice’s [2] theory of ac-
tion selection are applied in the context of driving. We combine these two theories 
into a comprehension based model of situation awareness. By this it is possible to 
make much more detailed assumptions about the processes that are involved in the 
construction and maintenance of situation awareness and its use as a basis for action 
selection in driving. 

3   Predictions of the Model and Empirical Results 

A series of experiments was conducted to test the basic mechanisms of the model. In 
this paper two lines of research will be summarized. 

3.1   The Effect of Experience, Relevance, and Criticality on Drivers’ Mental 
Representation of a Traffic Situation 

As stated above for safe driving the driver must have available a great amount of in-
formation that has to be integrated into the driver’s situation model. As this amount of 
information clearly exceeds the capacity limitations of working memory a mechanism 
must be available to the driver that allows to keep this amount of information avail-
able despite the working memory capacity limits. We suggested as mechanisms the 
theory of LT-WM [16]. When applying this theory to situation awareness it is possi-
ble to make specific predictions about the effect of different factors on the availability 
of the driver’s situation model. First, driver’s experience should be important. More 
experienced drivers should recall more from a traffic situation than inexperienced 
drivers. The greater and more differentiated knowledge of experienced drivers about 
traffic situations should allow them first to identify the relevant information of a traf-
fic situation more easily and second to encode this information faster and more reli-
able than less experienced drivers. 
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Second, as the use of LT-WM means to store results of cognitive processes in 
long-term memory these results should be available for retrieving even after longer 
delays when the appropriate retrieval cues are presented. As the applicability of the 
LT-WM mechanism depends on the person’s experience in the relevant domain ex-
perienced drivers should be able to use this mechanism much more effective than less 
experienced drivers. Therefore, providing retrieval cues should facilitate recall of traf-
fic situation elements much more for experienced than for less experienced drivers. 
Third, providing retrieval cues that are related to relevant situation elements of a pre-
vious traffic situation should help experienced drivers more than less experienced dri-
vers. Forth, given that experienced drivers are able to use the LT-WM mechanism 
more effectively than less experienced drivers experienced drivers should show less 
influence of the delay between the actual traffic situation and a recall test for this 
situation. 

Baumann, Franke and Krems [20] tested these predictions in a driving simulator 
experiment where participants had to drive on a three-lane highway. The simulation 
was interrupted repeatedly and participants were asked about the number of cars on 
different locations around the participant’s car, for example on the left lane behind the 
participant. Two groups of drivers were tested: experienced and less experienced dri-
vers. The length of the delay between interruption and recall, the criticality of the traf-
fic situation at the time of interruption, the type of retrieval cue presented at recall, 
and the queried location’s relevance to the participant’s driving task were manipulated 
in the experiment.  

The results of this experiment, described in more detail in [20], give some indica-
tion that LT-WM plays an important role in situation awareness while driving. Ex-
perienced drivers recall more information especially when provided with retrieval 
cues than less experienced drivers. Especially they recall more relevant information. 
Therefore, it seems that experienced drivers possess retrieval structures that allow 
them to efficiently and effortlessly encode traffic relevant information while driving 
to keep this information available for later use. It seems also that the retrieval struc-
tures that experienced drivers develop to efficiently encode and process information 
about the traffic situation are adapted to the high dynamics of the driving task. That 
means, that they are not appropriate for holding information for longer time periods 
what is different to other domains where the LT-WM theory was successfully applied 
[16]. This at least holds true for traffic situation information related to planning and 
executing driving manoeuvres. There might by other kinds of information that need to 
be stored for longer time periods, such as the travel destination, road characteristics, 
and where the retrieval structures are therefore also allow the long-term storage of in-
formation. This has to be considered in the development of measures for situation 
awareness while driving. 

3.2   The Effects of Cognitive Tasks on Predicting Events in Traffic 

According to [21] working memory is not a single structure but consists of different 
parts: a phonological buffer with an articulatory loop, a visuo-spatial buffer, an epi-
sodic buffer and the central executive. Recent studies indicate that the central execu-
tive serves different functions that seem to be highly relevant for the comprehension 
and projection processes of situation awareness as described above. One of these  
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central executive functions is the retrieval of information from memory, a process es-
sential in the comprehension process of situation awareness. Another is the mainte-
nance of information in a non-modality specific buffer, the episodic buffer, and the 
control of working memory contents. We assume that the effect of cognitive loading 
tasks on driving is at least in part due to the interference of these tasks with these cen-
tral executive processes. Baumann et al. [22] tested this prediction. The specific aim 
of their experiment was to test whether specific kinds of cognitive load that are de-
signed to interfere with specific central executive processes interfere especially with 
the prediction function of situation awareness. In a simulator study the participants 
drove through a scenario that contained both predictable and non-predictable events. 
These events were designed to be exactly equivalent besides that in the predictable 
version a warning sign warned the driver of the upcoming event. The reaction to the 
event when the participant was warned was compared to the reaction when the driver 
was not warned. 

The results confirm our hypothesis that the central executive function of control-
ling working memory content is highly involved in the construction of situation 
awareness. Interfering with this function by a secondary task leads to a detrimental ef-
fect in the driver’s ability to predict the future development of a traffic situation. This 
results help to clarify the cognitive mechanisms that underlie situation awareness. 

4   Summary 

The goal of our approach is to establish the cognitive basis of situation awareness in 
order to be able to apply it to the driving task. We assume that the construction of 
situation awareness is basically a comprehension process that yields a mental repre-
sentation of the meaning of the different elements of a traffic situation and the situa-
tion as a whole, that is, the situation representation. This situation representation is the 
basis for planning future behaviour that in turn alters the situation representation 
again. According to this perspective, driver knowledge plays a key role in determin-
ing the significance of events and elements in a traffic situation. Viewing situation 
awareness as a comprehension process also highlights the role of working memory in 
the process of constructing and maintaining situation awareness. The processes neces-
sary to interpret new pieces of information, to determine their consequences for the 
current situation model, to integrate new pieces of information into the situation 
model, and to remove irrelevant information from the situation model must take place 
in working memory. If the resources of working memory are occupied by other tasks 
these processes will be impaired leading to a degraded situation awareness. This is 
important to consider for the design of tasks to be performed by the driver while driv-
ing, such as interacting with an in-vehicle information system (IVIS). Based on a de-
tailed theory of situation awareness one should be able to develop methods that allow 
a detailed assessment of the effects of such systems on situation awareness. Such 
methods are highly needed for the development of systems suitable to be used while 
driving. Currently the process model of situation awareness described in this chapter 
is used to develop a procedure that should allow the evaluation of the effects of IVIS 
tasks on situation awareness based on an assessment of the visual and working mem-
ory demands of these IVIS tasks. The idea is that knowing the visual and working 
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memory demands of IVIS tasks allows to make predictions about the effects of these 
IVIS tasks on situation awareness on the background of a detailed theory of the con-
struction, maintenance, and updating of situation awareness. 
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