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Knowledge Structures: An End to the Redundancy and the Confusion 

Prologue 

Situation awareness (SA) is most commonly defined as "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, 1995, p. 

36). While researching this construct, we were continuously faced with several terms 

that, like SA, have themselves never been uniformly defined. For example, the 

following terms have, in some way, been associated with the construct known as SA: 

device model, domain model, mental model, script, schema, and "the picture" among 

others (c.f., Mogford, 1994; Endsley, 1995; Garland & Hopkin, 1994; Fracket~ 1988). 

These terms not only appear to be related to SA, but at an intuitive level they appear to 

be related to one another. How they are related to one another and how they are 

different from one another has yet to be plainly stated. 

Ultimately, in order to understand the construct called SA, two courses of action 

must be taken: (1) terms such as those presented in the list above must be properly 

defined, and (2) SA should be examined in relation to these constructs only after this 

first action has been carried out. The present paper is an attempt at the first order of 

action. It is apparent within the literature pertaining to SA, the human factors literature 

in general, and psychology literature as a whole that many of the aforementioned terms 

are overused, confused, and misused. In addition, many of the ideas associated with 

each of these terms are unnecessarily redundant. Perhaps the lack of communication 

between the branches of psychology is responsible for much of this disarray. In the 

following attempt to define terms like those listed above, literature from several areas 
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within psychology is represented. In not limiting the ideas to those of the human 

factors community, the commonalities and distinctions among these terms might 

become more apparent, and the reader might be able to obtain "the big picture" 

(whatever that might be). 

Unlike SA, the constructs which will be explored here are not novel to the field of 

psychology. In fact, some date back to the first half of the century (e.g., Bartlett, 1932). 

However, to date, the literature has never been compiled in a single document. There 

have been a few attempts at discussing and distinguishing two of these constructs. For 

example, Brewer (1987) attempted to distinguish schemata from mental models, and 

Wilson and Rutherford (1989) touched on the same distinction. Although the 

distinction between schemata and mental models is important, there are many other 

consh'ucts which present difficulty (e.g., the frame vs. the schema, the script vs. the 

schema, etc ... ). Therefore, a document which summarizes these ubiquitous consh'ucts 

might be beneficial to all, in that it might improve communication. In the following 

pages then, the following consh·ucts will be explored in terms of their similarities and 

differences: schema, mental model, frame, script, plan and prototype. Other terms will 

also be addressed where appropriate (e.g., perceptual set, domain model, motor 

schema, etc ... ) 

The Schema vs. The Mental Model 

The Current State of Confusion 

Probably the most widely cited definition of a schema is one provided by Bartlett 

(1932). Bartlett states that a schema is " ... an active organisation of past reactions, or of 

past experiences, which must always be supposed to be operating in any well-adapted 

organic response" (p. 201). Although this definition has been criticized for being too 
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vague to be useful (c.f., Baddeley, 1990, p. 336), it was revitalized during the 1970's 

(Reason, 1990). Since this rebirth, the concept of a schema is often cited (e.g., Federico, 

1995) and often refined (e.g., Rumelhart, 1984). 

4 

Johnson-Laird (1983), considered the leader in the study of mental models, states 

that mental models are "structural analogues of the world" (p. 165) and later states that 

they "enable individuals to make inferences and predictions, to understand 

phenomena, to decide what action to take and to control its execution, and above all to 

experience events by proxy; they allow language to be used to create representations 

comparable to those deriving from direct acquaintance with the world; and they relate 

words to the world by way of conceptions and perception" (p. 397). Although Johnson

Laird' s definition of a mental model is a bit more precise than Bartlett's definition of a 

schema, it too can be criticized for its vagueness. 

Since the definitions of both the schema and the mental model are vague, it is often 

difficult to distinguish between the two constructs. For example, Baddeley (1990) states 

the following regarding schemata: 

Sir Frederic Bartlett proposed an interpretation of memo1y that assumed that 
subjects remember new material in terms of existing structures which he termed 
schemas or schemata .... To Bartlett, a schema referred to an organized structure 
that captures our knowledge and expectations of some aspect of the world. It is, 
in other words, a model of some part of our environment and experience (p. 335). 

How Baddeley's interpretation of a schema is different from Johnson-Laird's 

conceptualization of a mental model (1983) is not readily apparent. The lack of 

distinction between the two terms is probably best evidenced by the interchangeable 

use of the two terms. For example, Dyck and Gilson (1994) state the following: "we 

have seen this influence of schemas or mental models on situation awareness in a 

preliminary study we conducted ... Pilots who incorrectly used their mental model or 
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schema of summer Florida convective activity made potentially dangerous flight 

decisions" (p. 251). With a similar reluctance to divorce the terms, Zirk and Adelman 

(1987) make the following statement: " ... individuals' performance with expert systems 

is significantly better when they possess a good mental model or' schema' of how the 

system developed its recommendation, even when the person and system use different 

problem-solving procedures" (p. 716). 

5 

Several researchers have at least attempted to treat the two terms separately. For 

example, Ashcraft (1989) addresses schemata in a chapter entitled "Integrating Semantic 

and Episodic Memory." He defines a schema as "a stored framework or body of 

knowledge about some topic" (p. 309). In a later chapter entitled "Decisions, 

Judgments, and Reasoning," he addresses the mental model and defines it as follows: 

Any body of information you have stored in memory about a situation, an event, 
a procedure, etc., can be termed a mental model ... the knowledge and 
procedures people use in evaluating and forecasting outcomes would themselves 
be called mental models in those domains; in other words, you have a mental 
model of' coin toss outcomes' and of' airport limousine travel,' not to mention a 
very general mental model of' affluence in the United States' that influences your 
estimates of Chevrolet and Cadillac sales, VCR ownership, and so forth. 

It should be obvious then that our mental models in different domains can vary 
from true and complete knowledge (expertise, in other words) all the way down 
to no knowledge or information at all, ignorance ... (p. 567). 

Norman (1988) also addresses the schema and the mental model on separate occasions. 

On page 86 of his book, he suggests that schemata are "knowledge structures that 

contain the general rules and information necessary for interpreting situations and for 

guiding behavior ... " On page 71, he suggests that mental models "let you figure out 

what would happen in novel situations. Or if you are actually doing the task and there 

is a problem, they let you figure out what is happening. If the model is wrong, you will 
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be wrong too" (p. 71). Although Ashcraft (1989) and Norman (1988) attempt to treat 

schemata and mental models as separate constructs, the attentive reader would notice 

the lack of distinction between the two terms. It should be noted that neither Ashcraft 

nor Norman was focusing their efforts on the schema and the mental model. 

Nevertheless, such lack of distinction is cause for concern. 

Several researchers have specifically noted the lack of distinction between the 

schema and the mental model and have attempted to make such a distinction. 

However, even among these researchers, there has been little agreement. For example, 

Brewer (1987) has implied that schemata and mental models are distinct constructs, 

where schemata contain generic information and mental models contain non-generic 

information. (Brewer's ideas will be discussed in more detail below). In contrast, 

Endsley (1995) suggests that "mental models can be described as complex schemata" (p. 

43). Still others have the opinion that schemata are used to construct mental models. 

For example, Johnson-Laird (1983) suggests that schemata "appear to be special cases of 

procedures for constructing mental models" (pp. 397-398), and Holyoak and Gordon 

(1984) suggest that schemata" are integrated 'packets' of information that can be used to 

consh-uct mental models of particular objects or situations" (p. 45). A similar, yet 

slightly different, view is taken by Wilson and Rutherford (1989) who suggest that "the 

major difference between mental models and schemata is that the latter are taken to be 

data structures in memory, which can be activated, whereas the former are regarded as 

the utilization of such information in a computationally dynamic manner" (p. 624). 

This section of the paper is an attempt to present a novel perspective on the similarities 

and differences between the schema and the mental model. Some of the 
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aforementioned ideas are incorporated into this novel perspective, but even these ideas 

are modified. 

Distinguishing a Knowledge Structure from an Instantiated Knowledge Structure: 

One Similarity Between the Schema and Mental Model 

Rumelhart (1984) suggests that a schema, in particulm~ 

... corresponds, in many ways, to the the script of a play. Just as a play has 
characters that can be played by different actors at different times without 
changing the essential nature of the play, so a schema has variables that can be 
associated with (bound to) different aspects of the environment on different 
instantiations of the schema (pp. 163-164). 

He suggests that an instantiation of a schema: 

... corresponds to an enactment of a play. A play is enacted whenever particular 
actors, speaking particular lines perfonn at a particular time and place. 
Similarly, a schema is instantiated whenever a particular configuration of values 
are bound to a particular configuration of variables at a particular moment in 
time ... Just as we could, say, take a movie of an enactment of a play and thereby 
save for posterity a trace of the enactment, likewise it is the traces of our 
instantiated schema which serve as the basis of our recollections (p. 165). 

Thus, Rumelhart suggests that a schema is a knowledge structure, and this knowledge 

structure permits the existence of variables in the environment (e.g., highways have 

speed limits). When the knowledge structure is activated, a value for each variable is 

obtained (e.g., this highway has a speed limit of 65 m.p.h.). Only when these values 

have been inserted into the activated knowledge structure is the schema said to be 

instantiated. 

Despite Rumelhart's efforts, the distinction between an uninstantiated knowledge 

structure and an instantiated knowledge sh·ucture is often ignored. That is, some treat a 

schema as an entity which resides in long-term memory (e.g., Ashcraft, 1989, p. 309), 

whereas others treat it as a temporary and active entity in working memory (e.g., 

7 
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Wickens, 1992, p. 450). The former h·eatment ignores the issue of instantiation, and the 

latter treatment ignores the stored knowledge structure. 

At least there is some literature which recognizes the instantiated/uninstantiated 

distinction with regards to schemata (e.g., Brewer, 1987; Holyoak & Gordon, 1984; 

Rumelhart, 1984), and the avid researcher would probably encounter this literature. 

Thus, the problem is not so severe. The literature regarding mental models is slightly 

more troubling. Like the schema, some suggest the mental model is a structure stored 

in long-term memory (e.g., Cooke, 1990, p. 227; Norman, 1988, p. 17), while some 

purport that it is a temporary and active entity (e.g., Glenberg, 1987, p. 69; Johnson

Laird, 1983, p. 53). Given both types of definitions, it is obvious that the concept of 

instantiation is both relevant and important to the mental model. If such is the case, the 

notion of "variables" would be relevant to the mental model as well. However, both the 

notion of instantiation and the notion of variables are essentially ignored in the 

literature regarding mental models. (It should be noted that Brewer is one of the few 

who has recognized the importance of instantiation for both the schema and the mental 

model.) Outside of tradition, there appears to be no reason why the 

instantiated/uninstantiated distinction (and therefore, the notion of variables) should 

not also be applied to the mental model. We suggest that botit lite scitemn and lite 111e11tnl 

model are knowledge stmctures tlznt are stored i11 long-ter111111e11101y. Titese structures allow for 

tl1e existence of variables. Witen eitl1er stmcture is activated and n value is assigned for encll 

variable, it is said to be instn11tinted. 
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Many have attempted to specify the contents of both the schema and the mental 

model. For example, Wickens (1992) uses the term "motor schema" to specify the 

content of a particular schema (i.e., a schema which contains information relating only 

to motor movements). Similar examples can be found for specifying the content of 

mental models. Johnson-Laird (1983) divides mental models into "physical models" 

which "represent the physical world" and "conceptual models" which "represent 

abstract matters" (p. 422). He divides mental models even further and proposes six 

types of physical models (the relational model, spatial model, temporal model, 

kinematic model, dynamic model, and image) and four types of conceptual models 

(monadic model, relational model, meta-linguistic model, and set-theoretic model). 

Despite such attempts, there has been very little discussion regarding the general 

characteristics of information contained in the schema and the mental model. The 

following paragraphs will present such a discussion, and whether complete or 

incomplete, it is certainly a starting point. 

The schema or me11tal model may co11tai11 011e, some, or all of the followi11g: (1) 

i11formatio11 regardi11g relatio11s, (2) declarative k11owledge, i11cl11di11g default values a11d variable 

co11stmi11ts (see discussion below), (3) pictures/images, (4) sensorimotor "facts," and (5) a11 

ack11owledge111eut of variables. Several of these ingredients require elaboration. 

There is the potential for relations between any of the information contained 

within one schema or mental model. Two pieces of declarative knowledge might be 

related to one another. For example, an air traffic controller would know that a 747 is 

one type of commercial aircraft. However, in order to function properly, it is likely that 
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an air traffic conh·olle1' s knowledge structure would contain relations among other 

types of information (e.g., the relation between pieces of declarative knowledge and 

pictures/images). Thus, the schema or mental model might contain information 

regarding relations between information of the same type or information of different 

types. 

10 

As discussed above, the schema and mental model are knowledge structures 

which acknowledge the presence of variables and incorporate values for these variables 

when instantiated. In addition to simple acknowledgement of variables, the stored 

schema and mental model contain a couple of special cases of declarative knowledge. 

Specifically, there are two types of declarative knowledge which are especially pertinent 

to variables: knowledge of default values and knowledge of variable constraints. 

(When used with sensorimotor "facts," it could be argued that they are two types of 

procedural knowledge.) 

Default values are thought to be "initial 'guesses' for variables whose values we 

have not yet observed" (Rumelhart, 1984, p. 164). Such information is important when 

a knowledge structure is instantiated, but it is important to recognize that such 

information is stored in long-term memory. For example, 500 knots would probably be 

stored in an air traffic controller's knowledge structure as the default value for a 747's 

speed (since 500 knots is the speed at which a 747 usually flies). Rwnelhart (1984) 

describes variable coustrai11ts in the following fashion: 

Just as the playwright often specifies characteristics of the characters in his play, 
(age, sex, disposition etc.), so too, as part of the specification of a schema, we 
have associated knowledge about the variables of the schema ... Such knowledge 
about the typical values of variables and their interrelationships is called the 
variable coustrai11ts" (p. 164). 
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Although the notion of variable constraints seems important, it is quite vague and 

requires further attention. At the present time, variable constraints will be defined as 

knowledge which places: (1) overall restrictions on variables and (2) resh'ictions on 

variables given values of other variables. For an example, let us return to the air traffic 

controller. The knowledge structure of an air traffic conh·oller might contain the 

following information: (1) overall altitude restrictions (e.g., all aircraft within my sector 

will fly between 0 and 12,000 feet) and (2) restrictions on speed given a "value" for 

altitude (e.g., no aircraft can fly faster than 250 knots when at or below 10,000). 

Both default values and variable constraints are often associated with the schema 

(e.g., Norman, 1988; Reason, 1990; Rumelhart, 1984), and their omission from the mental 

model literature, like variables in general, is another ramification of the traditional 

disregard for instantiation. To break tradition once again, we suggest that both the 

schema and the mental model contain declarative knowledge regarding default values 

and variable constraints. 

Overlearned Information: 

One Difference Between the Schema and Mental Model 

Brewer (1987) provides the following distinction: 

In schemas the molar knowledge structures are old generic information while in 
mental models the global knowledge structures are constructed at the time of 
input. In other words, schemas are precompiled generic knowledge structures, 
while mental models are specific knowledge structures that are constructed to 
represent a new situation through the use of generic knowledge of space, time, 
causality, and human intentionality (p. 189). 

Brewer's perspective is understandable given the content of the literature/ research to 

date. Schemata have often (but not always) been associated with such things as motor 

movements (e.g., Bartlett, 1932; McCracken & Stelmach, 1977), reading familiar material 
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(e.g., Bartlett, 1932; Onorato, 1990), perceiving objects (Bartlett, 1932), or witnessing 

everyday events (e.g., Brewer & Dupree, 1983). On the other hand, mental models have 

often been associated with "pictures" in the mind (e.g., Garland & Hopkin, 1994) and 

the understanding of some sort of physical system (e.g., Kieras & Bovair, 1984; 

Mogford, 1994; Sanderson & Murtagh, 1990). Apparently, Brewer (1987) recognized 

this qualitative difference in the literature. That is, the schema literature typically 

addresses situations that require knowledge which, as Brewer would suggest, is 

"generic" (e.g., the organized knowledge required in witnessing everyday events), and 

the mental model literature deals with situations that require knowledge which, as 

Brewer would suggest, is "specific" (e.g.,the organized knowledge necessary for 

understanding a physical system, such as an aircraft, an automobile, or a computer). 

However, even upon Brewe1' s recognition of such differences in the literature, the 

distinction remains unclear; for a given body of information, there is no method for 

determining if it is generic or specific. 

We suggest here that the word "overlearned" replace the word "generic," and the 

word "specific" not be used at all. When one has attended to information even after it 

has been mastered, that information is said to be overlearned (Hergenhahn, 1988). 

Thus, a 111e11t11/ 111odel might be described as org1111ized k11owledge, while 11 schema might be 

described as org1111ized k11owledge which is over/ea med. Therefore, both the mental model 

and the schema are (stored) organized knowledge structures containing pieces of 

declarative knowledge (including default values and variable constraints), 

pictures/ images, the acknowledgment of variables, as well as the relations among the 

aforementioned items. The information contained in a schema, however, is 

overlemned. 
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Like Brewer's definition's (1987), these new definitions are consistent with the 

content of the literature. In addition, these definitions emphasize the potential for 

individual differences associated with schemata and mental models. For example, 

many individuals have some form of organized knowledge regarding houses (e.g., 

houses usually have doors which are used for exits and enh'ances, houses usually have 

windows which may be used to access fresh air and may also be used for exits and 

enti·ances when necessary, etc ... ). Brewer (1987) would probably suggest that such 

knowledge is generic in nature and should, therefore, be labeled a schema. In this 

example, the problem with Brewer's method of differentiating schemata and mental 

models should become apparent. Although information related to houses is generic to 

most, there are people which would demonsh'ate an exception to this rule. Specifically, 

the young child's organized knowledge regarding a house is probably not generic at all 

(i.e., a young child may only be currently learning about a single house). Another case 

may be presented with the use of one of the more popular examples in the schema 

literature. Bartlett (1932) suggests that a tennis player uses a schema in order to hit a 

temtis ball (pp. 200-202). To a skilled te1mis player perhaps the organized knowledge 

required to hit a tennis ball is, in fact, generic (where most, but not all, of this 

knowledge would probably be related to motor movements). However, it is quite 

possible that an unskilled tennis player have the same organized knowledge (e.g., from 

reading books, taking lessons, etc ... ), but this knowledge organization would not 

necessarily generic. An example from the area of human factors is perhaps even better 

at elucidating the problems with Brewer's labels. Consider the information necessary to 

perform the job of a pilot. Brewer would probably label such information as "specific." 
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Yet, it seems unlikely that such information is "specific" for the commercial pilot who 

uses such information everyday. 

In all of the preceding examples, it is clear that it will not suffice to label organized 

knowledge as either "generic" or "specific." For one person, information relating to one 

area may be generic, while the same information may be specific for another person. 

Contrasting the constructs by way of "overlearnedness" may be more appropriate in 

the presence of such individual differences. Using such a gauge emphasizes the person 

at hand more than it emphasizes the content of the organized knowledge. Specifically, 

when using the term "overlearned" to describe a schema, the researcher is forced to ask 

whether or not the organized knowledge contains overlearned information for enc/i 

person (i.e., how much experience has this person had with this information?), rather 

than simply deciding if the information, in general, is "generic" or not. 

Automaticity in Use: 

A Second Difference Between the Schema and Mental Model 

We believe that it is important to consistently emphasize the distinction between 

the stored, knowledge structure (i.e., the organized information) and the use of the 

knowledge structure (i.e., instantiation). Therefore, in using the term "overlearned" to 

distinguish between the types of i11fon11ation in each knowledge structure, the implied 

difference in the use of the two knowledge should not be overlooked. Specifically, when 

using overlearned information (the schema in this case), few mental resources are 

required, and therefore use of such information is said to be automatic (i.e., requiring no 

conscious effort). Using information that is not overlearned (the mental model in this 

case) requires more mental resources, and therefore use of such information is not 

called automatic (i.e., conscious effort is required). 
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In recognizing the implied difference in the use of the knowledge sh'uctures, the 

definitions should be refined. The schema is au orgauized kuowledge structure co11tai11i11g 

over/earned i11famzatio11 (e.g., pieces of dee/am live k11owledge, pictures/images, etc ... ) a11d, w/te11 

i11sta11tiated, is used iu au automatic fas/tio11. The 111e11tal model, 011 the other ltaud, is au 

orga11ized k11ow/edge stmcture co11tai11i11g the same types of i11for111atio11. However, the 

i11fon11atio11 i11lite111e11tal model is 11ot overleamed, a11d when i11sta11tiated, the 111e11tal model is 

1101 used i11 a11 automatic fas/1io11. 

The Consequences of Automaticity on the Insertion of Values: 

A Third and Fourth Difference Between the Schema and Mental Model 

Given the present distinction concerning automaticity, two conclusions can be 

drawn regarding the difference between the schema and the mental model. Both of 

these conclusions are related to the insertion of values where variables are present. 

First, si11ce lite sc/1e111a uses little 111e11tal resources, it i11co1pomtes values from lite e11virom11e11t 

auto111atically (i.e., wit/tout co11scious effort), while the mental model requires co11scious effort to 

i11corporate values of variables. For example, a schema is probably at work when an 

experienced driver is navigating under normal circumstances (i.e., the car is functioning 

properly, the navigation is occurring in familiar territory, etc ... ). A variable might be 

associated with corners (i.e., some corners have stop lights, some have stop signs, others 

have yield signs, some have nothing at all, etc ... ). At a particular corne1~ the value 

"stop sign" would probably be inserted into the schema automatically. Under the same 

circumstances, a mental model would be at work for the student driver. It is likely that 

the new driver consciously thinks, "This corner has a stop sign." 

As a result of differences in automaticity, a second distinction between the schema 

a mental model surfaces, and this distinction also relates to values for variables. 
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Specifically, whe11 a default value is available for a variable, it is i11serted i11to the schema 

automatically. However, i11 the 111e11tal model, a default value is i11serted co11sciously. Let us 

return to the task of driving. The practiced driver might enter a two-Jane road and 

accelerate to 65 m.p.h., since highways usually have speed limits (i.e., the variable) and 

in the driver's state the speed limit is usually 65 m.p.h. (the default value). A new 

driver (e.g., one who has a learner's permit) would probably be using a mental model 

and might have to think, "This appears to be a highway, and I just learned that our state 

enforces a 65 m.p.h speed limit. Therefore, I should accelerate to 65 m.p.h." Of course, 

both drivers could be mistaken on this particular road (i.e., it might have a speed limit 

other than 65 m.p.h.), which only demonsh·ates t~at default values aren't always 

effective. Howevet~ the difference is that one had to use mental resources to make a 

decision about speed and the other did not. 

The Consequences of Automaticity on Prediction and Simulation: 

A Fifth and Sixth Difference Between the Schema and Mental Model 

Although the notion of instantiation and the notion of variables (and their values) 

are often ignored in the mental model literature, the mental model is surprising credited 

for our ability to predict future events (e.g., Benjafield, 1992; Johnson-Laird, 1983; 

Reason, 1990; Rouse & Morris, 1986, Wickens, 1992). The ability to predict is not 

typically associated with the schema, but the schema's role in prediction has been 

implied at least once (c.f., Rumelhart, 1984, p. 171). The mental model is also credited 

with our ability to simulate events (e.g., Norman, 1988; Sanderson & Murtaugh, 1990), 

and the schema has been associated with simulation on at least one occasion (c.f., 

Rasmussen, 1986, p. 88). Although prediction and simulation appear to be related, the 

difference between them has never been clearly stated (as far as we know). However, in 
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attempting to further distinguish the schema and the mental model, it is important to 

understand the difference between prediction and simulation. 

We suggest that the ability to predict allows one to answer the question: "What 

will happen in X amount of time given the current state of affairs?" When one attempts 

to predict, a knowledge structure has the current values inserted or existing default 

values inserted, if values are unavailable (i.e., a knowledge structure is instantiated). 

Since the insertion of current values or default values is automatic in the schema, it 

stands to reason that predictions from a schema occur nuto111nticnlly. On the other llnnd, 

predictions from a mental model do not occur nutomnticnlly, since the insertion of values and 

default values is effortful in the mental model. While an effortful prediction is probably 

apparent, a prediction resulting from a schema may be more difficult to imagine. As an 

example, imagine the task of driving. When changing lanes on a highway, one needs to 

make predictions based on the speed of surrounding vehicles and one's own speed. 

Yet, many of these predictions never reach our awareness, and the schema is 

responsible for such predictions. 

Like the process involved in predicting, simulations occur when a knowledge 

structure is instantiated. However, during a simulation, the variables used are not 

current values of variables, but they are imagined values. Imagined values are different 

from default values. A default value is the value to be expected of a variable, but an 

imagined value may range from the expected to the unexpected (or out-of-the-ordinary) 

value of a variable. Therefore, a simulation would answer the question: "What could 

happen?" Since the schema is used in an automatic fashion, it is unlikely tllnt a schema 

would allow for simulations. However, since the mental model requires conscious effort 
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in its use, the mental model would permit the insertion of imagined values. Thus, tile 

111e11tal 111odel would allow for si11111latio11. 

Just because the schema consists of overlearned information which is used 

automatically, it should now be clear that these knowledge structures should not 

always be associated with skill. Specifically, the schema should not necessarily be 

considered superior to the mental model. There are other fallacies associated with the 

schema, one of which will be addressed in the following section. 

Accommodation: 

A Final Difference Between the Schema and Mental Model 

Accommodation is the " ... process by which cognitive structures are modified" 

(Hergenhahn, 1988, p. 275). Since the mental model contains information which is 

relatively unfamiliar and the use of the mental model requires effort, the mental model 

is under conscious scrutiny. Therefore, tile me11fal 111odel allows for accom1110datio11. 

However, accom111odatio11 is difficult a11d, i11 some cases, impossible wit/1 a sclle111a The 

schema does not easily allow for accommodation because a knowledge used 

automatically in not under conscious scrutiny. For example, an intermediate tennis 

player would probably have a "motor" schema developed, and when she wants to 

incorporate a new technique in her stroke, it may be difficult. The result is best 

described by the adage "old habits are hard to break." 

In order to accommodate, extreme cases may require a new mental model be built, 

in order to access the information. In some cases, the rebuilt mental model may be 

correct. In other cases the mental model may in fact diverge from the schema. For 

example, the player may believe her stroke consists of components which it does not, or 
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the player may omit components which she is in fact using. Thus, it appears that the 

automaticity associated with a schema is not always a "good thing." 

The Birth of the Schema and the Mental Model 

When presented with any form of information which is completely novel, one 

naturally attempts to organize and integrate the information. Therefore, it is important 

to make the distinction between such temporary organization of information and an 

instantiated mental model. To describe the point, Rumelhart's classic analogy (1984) 

might be useful. 

Actors may improvise some sequence of events. However, the sequence of events 

only becomes a play after it's been written on paper. The original group of actors (who 

had improvised the events) could perform the play, or since the events are now written 

on paper, some other group of actors might also perform the play. Therefore, like the 

improvised sequence of events, novel information might be organized in working 

memory. However, if the information and its organization is never stored in long-term 

mem01y, it will not become a mental model. If presented witlt novel information, such 

k11owledge only becomes a mental model when it is organized, and most importa11tly, the 

infor11111tio111111d its org1111izntio1111re stored i11 lo11g-ter111111e11101y for reuse. When instantiated 

for the first time, the mental model will allow for values which were not present prior to 

storage. 

Although the majority of this paper has focused on their definite similarities and 

differences, we actually support Wilson and Rutherford's notion (1989): " ... there appears 

to be 11 conti1111u111 between the 11otio11s of scltem11t111111d meulal models rather tlm11 a distinct wl

off point" (p. 624). Given the present account, one side of the continuum represents the 

organized knowledge sh·uctures that contain various types of information and require 
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effort in their use. The other side of the continuum represents organized knowledge 

structures that contain various types of overlearned information and are used 

automatically. We do not want to pinpoint the place on the continuum where the 

mental model changes to a schema, but for the time being, let's simply suggest that the 

change occurs somewhere near the middle of the continuum. Therefore, wizen a mental 

model is i11sta11tiated repeatedly, it moves toward the schema side of tlie co11tinuum. Specifically, 

with repeated use, the i11formatio11 co11tai11ed i11 the mental model becomes more familiar a11d the 

use of the mental model becomes easier (i.e., approaches n11to111aticity). 

The Schema and Mental Model Sharing the Burden 

As described above, some knowledge structures may move neatly across the 

continuum from mental model to schema. However, in reality, such movement is 

probably the exception rather than the rule. Some knowledge structures may never 

move to "schema" status (e.g., from lack of experience). Other knowledge structures 

appear to "split'' apart. 

A mental model is developed and some, but not all, of the information may 

become a schema. A new pilot, for example, needs to understand and think about 

many things. However, over time, some aspects of the piloting task become schema

like (e.g., how much to turn the yoke or press on the rudder pedal). Thus, a schema 

may be embedded within a mental model (especially if the schema originated from a 

portion of that particular mental model). The intermediate pilot, then, probably uses a 

mental model that has schemata embedded within it. The mental model would 

"allocate" tasks to the schemata whenever possible, since schemata use little mental 

resources. Some suggest that a schema includes a mechanism by which it assesses its 

own effectiveness (e.g., Rumelhart, 1984). Therefore, if a particular schema does not 



Knowledge Structures 

work effectively, it "tells" the mental model, and conscious effort is directed at the 

unusual circumstances. 

Frames 

The Frame's Likeness to the Schema 

Minsky (1975) is most often associated with the concept of a frame. He suggests 

that a "fm111e is a data-structure for representing a stereotyped situation, like being in a 
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certain kind of living room, or going to a child's birthday party" (p. 212). Benjafield 

(1992) states that the "frame concept is obviously quite a bit like the schema concept" (p. 

103). In fact, the frame and the schema share many likenesses. At the most basic level, 

the frame, like the schema, is thought to be a structure which resides in long-term 

mem01y (c.f., Minsky, 1975). Minsky further describes the frame in the following 

manner: 

We can think of a frame as a network of nodes and relations. The 'top levels' of 
the frame are fixed, and represent things that are always true about the supposed 
situation. The lower levels have many terminals-'slots' that must be filled by 
specific instances or data. Each terminal can specify conditions its assignments 
must meet. (The assignments themselves are usually smaller 'sub-frames.') 
Simple conditions are specified by markers that might require a terminal 
assignment to be a person, an object of sufficient value, or a pointer to a sub
frame of a certain type. More complex conditions can specify relations among 
the things assigned to several terminals (p. 212). 

From this excerpt, it is apparent that the frame shares other characteristics with the 

schema. First, it is a structure in long-term memory which can be "instantiated." 

Second, the last two sentences of Minsky's excerpt appear to be addressing the notion of 

variable constraints. Finally, Minsky (1975) goes on to state that "A frame's terminals 

are normally filled with 'default' assigmnents" (p. 212), and of course the schema is 

often credited with having such defaults as well (e.g., Holyoak & Gordon, 1984; 

Rumelhart, 1984). 
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The Frame's Differences from the Schema 

Unlike schemata," ... frames are usually presented as having a somewhat more 

precise organization and structure" (Benjafield, p. 103). For example, the frame 

includes (1) "nodes" which represent non-variable aspects of a situation and (2) "slots" 

which may be filled with variables from the environment or default values. 

Minsky (1975) states the following regarding the frame's relation to a schema: 

"The frame idea itself is not particularly original-it is in the tradition of the 'schema' of 

Bartlett ... the idea of a frame system is probably more novel" (p. 213). Minsky's 

conceptualization of a frame system is exemplified by his idea of the "pointer" and the 

sharing of terminals: 

Each frame has terminals for attaching pointers to substructures. Different 
frames can share the same terminal, which can correspond to the same physical 
feature as seen in different views. This permits us to represent, in a single place, 
view-independent information gathered at different times and places. This is 
important also in nonvisual applications (p. 218). 

In sum, traditional descriptions of the schema's structure have not been as detailed as 

they have been for the frame, nor has the structure between schemata been as detailed as 

has been the structure between frames. 

Integrating the Frame with the Schema 

Although traditional notions of the schema differentiate it from the frame, modern 

theories of schemata make such a distinction more difficult. Specifically, modern 

schema theories have been more explicit regarding the structure of the schema. For 

example, Rumelhart (1984) states that schemata "have a very well defined constituent 

structure" (p. 167). He suggests that schemata "consist of a network (or a tree)" of sub

schemata (p. 167) and that" ... a schema uses results produced by its sub-schemata to 

carry out its tasks" (p. 168). Finally, regarding the elements of schemata (or sub-
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schemata), he states the following : 

If each and every schema were merely a configuration of its sub-schemata the 
process would never end. The solution to this dilemma for schemata is identical 
to the solution for procedures. When a computer program is written, this 
embedding process does not continue indefinitely. Eventually, some sub
procedure consists entirely of a configuration of ele111entmy instructions for the 
machine in question. Likewise, with schemata, there must be a set of schemata 
that are elementary, in the sense that they do not consist of a further breakdown 
in terms of sub-schemata (p. 168). 
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Before the schema literature offered information regarding structure, it may have 

been practical to separate the two constructs. However, there appears to be no practical 

justification for the continued separation of the two terms. As Minsky (1975) himself 

admitted, the frame concept was borrowed from the schema concept, and in refining 

the schema concept, Rumelhart (1984) has borrowed from the frame concept (e.g., 

default values and variable constraints). In borrowing from one another, the two 

constructs are difficult to distinguish, albeit some continue to distinguish between the 

two (e.g., Brewer & Nakamura,1984). Although Minsky generated interest in the 

structure of organized knowledge, the proposed structure of the frame seems somewhat 

artificial in light of Rumelhart's conceptualization of structure. Therefore, it seems that 

the term "frame" should be abandoned, while Minsky's ideas should certainly continue 

to be incorporated into the schema literature. 

The Script and the Plan 

Schank and Abelson (1977) are most often associated with the script. In a general 

manner, they describe a script as "a standard event sequence" (p. 38). A more specific 

description is as follows: "Some episodes are reminiscent of others. As an economy 

measure in the storage of episodes, when enough of them are alike they are 

remembered in terms of a standardized generalized episode which we will call a script'' 
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(p. 19). Schank and Abelson also developed the notion of a "plan." They defined a plan 

in the following manner: "A plan is intended to be the repository for general 

information that will connect events ... A plan is made up of general information about 

how actors achieve goals. A plan explains how a given state or event was a prerequisite 

for, or derivative from, another state or event..." (Schank & Abelson, 1977, p. 70). 

Integrating the Script with the Schema and the Plan with the Mental Model 

Holyoak and Gordon (1984) state that a" ... schema for a class of stereotyped event 

sequences (e.g., business meetings) is called a 'script' ... " (p. 47). Many others have 

suggested that a script is a type of schema (e.g., Baddeley, 1990; Brewer, 1987; 

Norman,1988). It appears that, traditionally, there has been one distinguishing 

characteristic of the script: the script only contains information which is related to 

sequences. However, the script should not necessarily be treated as a separate mental 

entity. It shares many similarities with the schema. 

The script's resemblance to the schema may be evidenced by the following 

statement: 

Every script has associated with it a number of roles. When a script is called for 
use, i.e., 'instantiated' by a story, the actors in the story assume the roles within 
the instantiated script. If no actor has been specifically mentioned when a 
particular script is instantiated, his presence is nonetheless assumed and a 
default unnamed actor is used in his place. All this happens whenever a script is 
called up (Schank & Abelson, 1977, p. 41-42). 

Therefore, like the schema, the script (1) may be instantiated (and is therefore also 

stored in long-term memory), (2) has variables (i.e., "roles" in this case), and (3) allows 

for default values. (It should be noted that Minsky (1975) also suggested two notions 

which are similar to the script: the scenario and the narrative frame. Howeve1~ the 

schema and frame are now being treated as equivalents.) 
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Although it has not yet been suggested, it seems that any knowledge regarding 

sequences of events (i.e., scripted knowledge) may again be categorized as falling into 

two categories: (1) knowledge structures, which when instantiated, require little or no 

conscious processing and (2) knowledge structures which, when instantiated, require at 

least some conscious and effortful processing. A script is typically exemplified as one 

having knowledge of events which take place in a restaurant (c.f., Johnson-Laird, 1983; 

Reason, 1990; Schank & Abelson, 1977). Let us use this typical example to illustrate the 

point. For example, imagine that you frequent the same fast-food restaurant once a 

week. In such a case, you do not need to think about the sequence of behaviors in 

which you need to engage However, imagine that you take a trip to a different region 

of the country. There, you might find fast food restaurants with which you are 

unfamiliar. In such a case, you would need to consciously assess the sequence of 

behaviors in which you need to engage (e.g., asking your companion "Do we seat 

ourselves?" or "Do we order first and then sit down?"). 

Generally, scripts have been limited to explanations of our knowledge (and use of 

knowledge) in such social situations. It appears, howeve1~ that scripted knowledge (i.e., 

organized knowledge regarding sequences) spans far beyond that of social situations. 

Endsley (1995) is one of the few who recognizes scripted knowledge in non-social 

situations. She states the following: "Based on the high-level SA, the pilot is then able 

to select prescribed tactics (a script) that dictate exactly what evasive maneuvers should 

be taken" (p. 44). Others have, in fact, recognized the importance of knowledge 

structures regarding sequences in non-social situations. However, they have called 

such knowledge "motor schemata," "sensorimotor schemata," "motor programs," or 

simply "schemata" (e.g., Bartlett, 1932; Rasmussen, 1986; Reason, 1990; Wickens, 1992). 
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Like the traditional script (i.e., organized knowledge regarding sequences in social 

situations), there are knowledge structures concerning motor movements which require 

conscious effort in their use and structures which require no effort in their use. In 

Endsley's example (1995), the expert pilot would probably engage in a sequence of 

actions with little conscious awareness. However, the novice or intermediate pilot 

might have the same knowledge. Yet, his engagement in such a sequence of actions 

might require thought. The script has traditionally been associated with social 

situations, and the motor schema has traditionally been associated with physical tasks. 

However, the motor schema and the script are essentially the same, in that they both are 

related to sequences of events. Thus, there is really no need to separate the two 

constructs or label them differently. 

It is suggested here that scripted knowledge (i.e., any organized knowledge 

regarding sequences) may take the form of either schemata or mental models. That is, 

scripted knowledge, in social situations (e.g., the restaurant) or non-social situations 

(e.g.,flying an aircraft), may be used automatically or may require conscious effort. 

Therefore, when a knowledge structure is (1) comprised of information regarding 

sequences of events and (2) requires little/no conscious effort when in use, it might be 

called a scripted schema. When a knowledge structure is (1) comprised of information 

regarding sequences of events and (2) requires conscious effort when in use, it might be 

called a scripted mental model. Suggesting the use of these terms does not appear to be 

utU'easonable. Although most have associated the script with the schema, some have 

also associated the script with the mental model (e.g., Ashcraft, 1989, p. 567). It is 

unreasonable, however, to state that the script is merely a type of of schema or mental 

model. Scripted knowledge may, in fact, be isolated and constitute the entire mental 
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structure. However, scripted information might also be related with other information 

which is not necessarily sequence-related. That is, scripted knowledge may be part of a 

larger schema or mental model which contains other information (i.e., not related to 

sequences). 

The plan may be integrated into the current conceptualization as well. Because 

Schank and Abelson (1977) developed both the idea of a script and the idea of a plan, 

they explicitly and implicitly suggest some of the differences between the script and the 

plan. In doing so, it becomes apparent that their conceptualization of a script is 

equivalent to a scripted schema, and their conceptualization of a plan is equivalent to a 

scripted mental model. Equating the plan with the mental model may, at first, seem 

odd. However, it is important for the reader to understand that Schank and Abelson 

(1977) did not use the word "plan" to have it's common intent, as they were only 

interested in the comprehension of discourse (c.f., Schank et al, 1977, p. 72). 

Schank and Abelson (1977) suggest that a script is used in situations which are 

confronted frequently (pp. 70-71), while a plan is used in the presence of "events that 

cannot be connected by use of an available script'' (p. 70). The term "script'' (as 

described by Schank and Abelson) then may be equated with the scripted schema, since 

the script contains overlearned information. The plan, from their description, appears 

to be much like the scripted mental model, since it is used when a sequence of events is 

not overly familiar (i.e., the information is not overlearned). A related point is specific 

to the difficulty involved in the usage of the script and the plan. 

Schank and Abelson (1977) suggest that using a plan is more difficult than using a 

script (p. 97). Once again it appears that the script is equivalent to the scripted schema, 

and the plan is equivalent to the scripted mental model For, the current 
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conceptualization suggests that a schema requires little/ no conscious processing, while 

a mental model does require conscious processing. 

There is further evidence of the similarity between the (1) plan and scripted mental 

model and (2) script and scripted schema. With regards to development, Schank and 

Abelson (1977) suggest that "plans are where scripts come from" (p. 72). Of course, 

such a statement is congruent with the current assertion that schemata, regardless of 

content (i.e., scripted or non-scripted), develop from mental models. 

In sum, the distinguishing characteristic of both the script and the plan is that they 

are related to sequences of events. The script shares many characteristics of the schema 

(as defined here), and the plan shares many characteristics with the mental model (as 

defined here). Since Schank and Abelson (1977) were only interested in the 

comprehension of discourse, it appears that the current conceptualization may be more 

generalizable. For example, with the use of the terms "scripted schema" and "scripted 

mental model" versus the use of "script" and "plan," there is no need to segregate 

knowledge structures which contain information regarding sequences of social events 

and structures which contain information regarding non-social events (e.g., the "motor 

schema"). In both cases, the knowledge structure contains information regarding 

sequences of events, and it may be used (i.e., instantiated) consciously or unconsciously. 

If scripted knowledge may in fact be integrated into the current conceptualization, it 

should be assumed that the the scripted schema and scripted mental model carry all of 

the traits which have been suggested heretofore regarding the general schema and the 

general mental model. For example, like the general schema, the scripted schema 

should not allow for simulation and projection, since it is used without consciousness. 

However, the scripted mental model should allow for predictions about the future. 
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There is one concept which has not yet been addressed, and it is specific to the 

literature regarding scripted knowledge: the header. Schank and Abelson (1977) 

discuss the script as it functions in discourse comprehension and consequently define 

the header in the following manner: "To define when a script should be called into 

play, script headers are necessary. The headers for the restaurant script are concepts 

having to do with hunge1~ restaurants, and so on in the context of a plan for action for 

getting fed" (Schank & Abelson, 1977, p.46). Although Schank and Abelson (1977) 

define several types of headers, they are generally what is necessary for a script (as 

defined by Schank and Abelson) to be instantiated. All of the examples presented by 

Schank and Abelson appear to support the notion that headers work at an unconscious 

level (c.f., pp 46-50). Howeve1~ headers might also work at a conscious level. For 

example, if Jim has a scripted schema for his route home from work, his scripted 

schema would probably be instantiated automatically by a header (e.g., when he got in 

his car). Howeve1~ a header (e.g., Jim's need to get across town) may work consciously 

to activate the mental model. Perhaps, headers which work at the conscious level are so 

obvious that they are never addressed, but it seems important to at least recognize that 

the header which works unconsciously does have a counterpart which works 

consciously to activate a mental model. 

The header might serve several functions in the schema (scripted or non-scripted). 

First, it may simply instantiate the schema. Second, it may act in conjunction with, 

what Minsky (1975) calls, a "pointer." Specifically, Minsky's pointers might be 

"smarter" than simply being "directional arrows" to sub-structures. Perhaps, the 

"direction" of the pointer depends on a header. Therefore, even after a given schema is 
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instantiated, a given header may activate sub-structures within the schema, or it may 

activate a different schema. Of course, all of the above could be applied to the mental 

model as well. Howeve1~ the header might serve an additional and unique function in 

the mental model (scripted or non-scripted). Specifically, it may activate a schema while 

a mental model is instantiated. Therefore, as discussed earlier, one might be working at 

something effortfully, while still able to engage in overlearned sequence of behaviors at 

the same (and appropriate) time. 

The header has been unique to the script construct. However, like the notion of 

the frame, there appears to be no reason for which it cannot be incorporated into the 

schema and mental model constructs in general as well as the concept of a scripted 

schema and sclipted mental model. 

The Prototype 

The term prototype appears to be used in two manners. First, some employ the term as 

described by Holyoak and Gordon (1984): "The term 'prototype' has various uses, of 

which a major one corresponds to the subjectively most probable or 'typical' 

instantiation of a category schema ('a typical prospective buyer')" (p. 47). Others use 

the term to depict a framework in memory. For example, Norman and Bobrow (1979) 

suggest that memory is organized into records, and these records have a given 

structure. They propose that the "older records se1ve as prototypes for new ones" (p. 

113). 

The latter use of the term is redundant in light of the schema and mental model 

constructs. Norman and Bobrow (1979) continue their discussion with the following 

suggestion: "fields of prototype records may specify default values to be used if the 

values of the fields for the specific instance have not yet been determined. Similarly, 
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inheritance of general properties from the prototype provides a way of making 

predictions in the absence of other information ... " (p. 114). By definition, the schema 

and mental model provide a framework or outline in which variables may be inserted. 

Thus, they may function in new situations. In addition, they may contain default values 

and serve to make predictions. Once again, it is apparent that ideas are often 

overlapping, and that the ideas of Norman and Bobrow could and should simply be 

integrated into those of the schema and mental model constructs. 

The former use of the term prototype (i.e., as a typical instantiation of a schema) 

may also be unnecessary; it is redundant with the schema and mental model literature. 

Default values of the schema and mental model are the most typical or expected values. 

In addition to being redundant, the term "prototype" causes confusion. It is unclear as 

to whether the prototype is stored in long-term memory as a separate structure or if it 

simply describes the typical instantiation of a mental structure. If the term prototype 

must be retained, it seems that it should be reserved as a descriptive term for a specific 

instantiation of a schema or mental model (i.e., an instantiated schema/mental model 

with all default values assigned). However, it is redundant to label a prototype as a 

mental structure, since a stored schema or mental model contains information about 

typical situations (i.e., they contain default values). 

The Perceptual Set 

Cohen, Ward, and Enns (1994) define perceptual set as follows: 

Experiences in an occupational or other setting may bias our perception and 
interpretation of various stimuli. This seems to be because specific past 
experiences produce sensitization or predisposition to 'see' a situation in a 
certain way, especially when several alternative perceptual experiences are 
possible (as when the stimulus is ambiguous or degraded because of poor 
viewing conditions). The expectancies or predispositions an observer brings to 
the perceptual situation are known as perceptual set ... In many respects, 
perceptual set can be thought of as another example of selective attention .. ., in 
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which the observer is set to process some but not all incoming information or to 
organize it in a specific manner (pp. 610-611). 
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Bartlett (1932) performed an abundance of experiments which explored perception (c.f., 

Bartlett's Chapter 2). For example, he cites many instances when subjects were given 

objects which were inherently ambiguous, but the subjects labeled the stimuli anyway 

(e.g., "a square with one side missing"). Even in cases where figures were 

unambiguous, mistakes subjects made were meaningful. For example, when 

responding to a picture of a gate and a sign, one subject reproduced the writing on the 

sign incorrectly. The sign stated "Trespassers Will Be Prosecuted By Order," but the 

subject wrote "Keep Off the Grass." When Bartlett's research is addressed, it is 

categorized as being related to schemata. If such research were not associated with 

Bartlett, it is quite likely that it would fall under the heading of "Perceptual Set" in any 

textbook regarding perception. Once again, it appears that lack of communication 

between disciplines has led to redundancy. 

Perceptual set is not independent of the schema construct, as presently defined. If 

a schema is organized knowledge which is used automatically (as in perception), it 

appears that the perceptual set is, at the least, related to the construct of a schema. 

There is only one reason to retain the notion of perceptual set; it might be most efficient 

as a descriptor. For example, in a typical experiment, it would be much easier to say 

that "the subjects had different perceptual sets," than it would be to explain that 

subjects either (1) instantiated schema regarding different situations, or (2) subjects' 

schemata of the same situation contained different information. Thus, "perceptual set'' 

may be useful piece of jargon but should be used with caution. A given person's 

perceptual set depends on (1) one's choice among all available knowledge structures 
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(i.e., which schema one chooses), and (2) the information which the chosen knowledge 

contains (e.g., the specific default values). 

Measurement of the Schema and Mental Model 

In discussing measurement, the reader should be reminded that the current 

account of schemata and mental models has focused on a psychological, rather than 

physiological, explanation. In light of such an account, Pathfinder appears to be 

promising for the measurement of mental models. Pathfinder is "a network scaling 

procedure" (Kraiger, Salas, & Cannon-Bowers, 1995) which utilizes similarity ratings. 

The technique assumes that these relatedness judgments represent meaningful 

distances within incumbents' representations of task domains. Direct pairwise ratings 

require trainees to rate pairs of concepts on a relatedness scale; trainees are usually 

asked to make quick, intuitive judgments of relatedness using their own internal 

standards. Knowledgeable trainees can usually rate up to 200 pairs (about 20 concepts) 

in less than 20 min. (Kraiger, et al., 1995, p. 806). 

There are, however, at least two problems with Pathfinder. First, it is difficult to 

assume at what level of abstraction subjects will rate the concepts. For example, 

examine the following excerpt: 

... rate the similarity between washing machine and rocking horse. Sharing our 
introspections again, if we sense any fast and automatic evaluation of this pair of 
concepts, it is the feeling that they are completely dissimilar. However, we can 
search for weak or very abstract dimensions in which they have something in 
common. For example, the size and structme are such that a child could sit on 
either one (but is not likely to sit on the former) and movement is an important 
part of the function of both items (Roske-Hofstrand & Paap, 1986, p. 61). 

A second problem results when Pathfinder is examined in light of the current account. 

Theoretically, the schema cannot be assessed, since it is presumed to be unconscious. 
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Despite these problems, Pathfinder may serve as a useful too. Since mental models 

are presumed to be the building blocks for schemata, understanding the mental model 

may be sufficient in practical settings. Schemata are formed only after the given person 

has been exposed to situations frequently. Although the mental model and schema may 

diverge, understanding the mental model may provide a glimpse at the content of the 

schema. 

The output produced by Pathfinder is a network of nodes (i.e., concepts) and their 

relations. In light of the present discussion, a second promising aspect of Pathfinder is 

its flexibility. Specifically, the nodes may used to represent essentially anything. 

Therefore, they might be used to represent a rule, image, piece of declarative 

knowledge, or a label for a variable. There is yet a third aspect of Pathfinder which is 

encouraging: it allows for hierarchical clustering (c.f., Dearholt & Schvaneveldt, 1990). 

Although Pathfinder may not represent a mental model precisely, such hierarchical 

clustering allows for a glimpse at the organization of knowledge. For example, assume 

you provide a subject with 20 concepts, and these concepts are not in fact a part of the 

same mental model. If the information is truly represented in two separate mental 

models, it is likely that Pathfinder would be sensitive enough to represent two clusters 

of knowledge. Of course, in the same vein, Pathfinder would be sensitive enough to 

differentiate clusters (or levels of abstraction) within one mental model. 

Kraiger et al. (1995) state the following: 

Research and theory suggest that knowledge organization is distinct from the 
amount of declarative knowledge and is a good predictor of subsequent task 
performance. Specifically, research in cognitive and instructional psychology 
have shown that measures of knowledge organization are only marginally 
related to measure of declarative knowledge (p. 805). 

Therefore, tools such as Pathfinder will be especially beneficial in training 
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enviromnents. One luxury afforded by Pathfinder is an index of similarity: closeness 

(C). C allows for comparisons between networks. Therefore, in the training 

enviro1U11ent, one would be able to continually assess the knowledge representation of a 

trainee and compare it with some goal state (i.e., the network of an expert). 

Situation Awareness 

When discussing SA as it relates to air h·affic confrol, Mogford (1994) suggests the 

following: 

... there may be a lack of distinction between mental models and SA. It would be 
useful to consfrain the concept of SA to that which is implied in the term, i.e., the 
contents of awareness about a situation at any given moment. These contents 
might be data, meanings, or predictions but are not the same as the mechanisms 
which help generate this information. That is the function of the mental model. 
In ATC, the mental model is the underlying knowledge that is the basis for SA or 
the picture. The controller's picture is defined by the underlying mental model 
and, in turn, supplies information to build and modify it (p. 200). 

Garland and Hopkin (1994) suggest something similar when they state the following: 

In air traffic control, situational awareness seems to correspond quite well with 
the concept of the controller's picture. This picture is sometimes construed as an 
example of a mental model. Although this picture includes the controller's 
mental model, it is not confined to it, being a more dynamic entity than most 
mental models in that it incorporates changing states and their consequences. In 
some respects, both the concept of the picture and its nature seem specific to air 
traffic control... (pp. 85-86). 

Once again, it appears that confusion has arisen due to the lack of emphasis on the 

distinction between instantiation and uninstantiation. The current proposal is that 

situation awareness is a state which is produced by means of normal information 

processing. That is, SA is a result of information processing, as a "response" is 

normally stated to be the result. Perfect situation awareness would be the result of 

attending to the current, task-related variables and placing them into the currently, 
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appropriate schema or mental model. Of course, as is always the case with any sort of 

information processing, the schema and mental model has a symbiotic relation with 

attention. The schema or mental model dfrects attention, while attention assists in 

selection of the appropriate schema or mental model. 

The formal definition of situation awareness to be put forth here is as follows: 

High situation awareuess is state which occurs when the appropriate schema or appropriate 

meutal model is instantiated with the appropriate task-relevant variables iuserted. Such a 

definition naturally implies that attention is important in the achievement of SA. Such 

an implication may be more obvious when discussing low or imperfect SA. Low 

situation awareness would result if at any point in time one of the following 

circumstances arose: (1) the appropriate schema or appropriate mental model was non

existent, (2) the appropriate schema or appropriate mental model was not chosen as a 

result of attending to inappropriate variables, (3) the appropriate schema or appropriate 

mental model is in use but the values assigned to variables are incorrect (e.g., default 

values are being used but are inappropriate), or (4) the schema or the mental model 

which is currently instantiated is no longer applicable and continues to guide attention 

inappropriately. 

Some appear to agree with the current interpretation of SA. For example, 

Harwood, Barnett, and Wickens (1988) state the following: "We have concluded that 

situational awareness of the expert pilot is maintained in terms of a mental model, that 

is updated as new information becomes available over the course of flight" (p. 26). 

Endsley (1995) puts forth a similar idea, but uses the term "schema." Once again, the 

confusion between the mental model and schema becomes apparent. However, both 

Harwood et al. (1988) and Endsley are probably correct but incomplete. In obtaining 
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SA, it is likely that both schemata and mental models are used. As an example, imagine 

the pilot who alternates between periods during which tasks are performed 

automatically to periods during which tasks require much thought. Nonetheless, both 

Harwood et al. and Endsley at least recognize schema/ mental model instantiation in 

achieving SA. However, they do not emphasize the schema and mental model with 

regards to SA, rather they only mention them in passing. 

If SA is in fact achieved via the description provided here, the utility of the term 

"situation awareness" may be questioned. That is, SA may easily be equated with the 

instantiation of a schema or mental model. However, the term SA is expediential; it is a 

useful description of schema/ mental model instantiation. Specifically, in using the term 

situation awareness, the quality of a particular schema/ mental model instantiation is 

emphasized. Quality of instantiations has not been sufficiently recognized. With the 

advent of the term "situation awareness," it is unlikely that quality will continue to be 

ignored. 

Conclusion 

It has been suggested that schemata and mental models have often been confused. 

However, in reviewing the literature, it appears that the major difference between the 

two consh'ucts is in terms of automaticity. The schema is organized knowledge, which 

when instantiated, is used without conscious effort. The mental model too is organized 

knowledge, but when instantiated, requires conscious effort. Many other constructs 

have been introduced, such as the "frame," and appear to be similar to both the schema 

and the mental model. In the previous pages, it has been shown that many ideas can be 

integrated with the schema and mental model constructs in order to decrease confusion. 

SA has been related to the schema and mental model constructs, but has been 
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distinguished as a separate construct. In recent times, too much emphasis has been 

placed on the importance of variables in the attainment of SA, and the operator's long

term memory has been ignored (c.f., Endsley & Rodgers, 1994). The variables in the 

enviromnent cannot be manipulated, but the operator's long-term memory structures 

may be. Since the operator is the constant across tasks, it is important to emphasize the 

operator's knowledge and its organization. If Pathfinder or any other tool assists in 

tapping such knowledge structures, training could be greatly improved. If the most 

robust mental models (and schemata) could be identified (via experts), training 

methods could be assessed in terms of their abilities to develop such knowledge 

structures in the trainee. 
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