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6 IRAN-NEJAD AND WINSLER

ated by the intriguing concepts of schema, construction, and reconstruction.
As a resulr, although several other authors also received credit for their pio-
neering contribution to the schema-theoretic approach {e.g., Kant, 1781/1963;
Piaget, 1926), there was unanimous agreement among current schema theo-
rists, including Neisser, that modern uses of the concepts of schema and con-
struction were most similar to Bartlett’s (Thorndyke and Yekovich, 1980},

This paper argues that Bartlett’s (1932) theory reptesents a functional
approach akin to that of James (1890), Dewsy (1896), Angell (1907}, and
Head (1920). By contrast, as noted by Neisser (1976) and others (diSibio,
1982), most modern schema theories are similar to pre-Bartlett structuralism
(Titchener, 1898) and associationism (see Myers, 1931). We review the ori-
gins and global characteristics of both Bartlett’s schema theory and modern
schema theoties and show that many of the assumptions underlying modern
schema theories had already been rejected in Bartlett's comparison of his
theory with associationism. Modern interpretations of Bartlett’s theory are
also examined. The final section discusses a biofunctional theory of learning
and remembering based on the assumptions that (a) multiple independent
sources and not just executive control regulate learning processes, (b) multi-
ple independent sources and not just external input contribute to learning,
and (c) there is no essential difference between comprehension, learning,
and remembering.

Current Status of the Schema-Theoretic .>Eu_.0unr

The notion of schema has played a critical role in the cognitive revolution
in psychology. With the use of this concept, problems as complex as dis-
course camprehension {Bower, Black, and Turner, 1979; Graesser, 1981;
Kintsch and van Dijk, 1978; Mandler and Johnson, 1977; Ortony, 1978;
Rumelhatt and Ortony, 1977; Schallerr, 1976; Thomdyke, 1977}, inference
(Bransford, Barclay, and Franks, 1972; Spito, 1980a), figurative uses of lan-
guage (Ortony, 1979}, and even the elusive concept of self (Markus, 1977;
Markus and Kunda, 1986) have been brought under rigorous empirical exam-
ination. Schema theoty has been identified by the National Institute of
Education as the most viable approach to comprehension (Tiemey, Anders,
and Mitchell, 1987) and is currently used in diverse areas of psychology (see
Alba and Hasher, 1983; Hastie, 1981; Mackus and Zajonc, 1985; Segal,
1988), However, attempts at a precise formulation of the notion of schema
have not been very successful and, as a result, the schema-thearetic approach
is at a critical stage in its development.

There is widespread agreement that modern schema theory is imprecise
(Alba and Hasher, 1983; Thomdyke and Yekovich, 1980), that it lacks con-
ceptual clarity, internal consistency, and testability, and that it does not
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square well with data (Taylor and Crocker, 1981}, Because schemas o1
viewed as abstract structures, current schema theory has difficulty accountinr
for the richness of authentic leaming and remembeting {Alba and Hasher,
1983; Anderson, 1984). Reactions to Bartlett’s theory have also been mixed.
On the one hand, Bartlett's bock, Remembering (1932), is an increasingly
popular source among researchers, and several authors have suggested thar
Bartlett’s theory is superior to other schema theories in that it can handle
such basic problems as leaming {Bransford, McCarrell, Franks, and Nitsch,
1977) and affect (Spiro, 1980b; Zajonc, 1980} more readily than madern
schema theories. On the other hand, modern schema theotists have found it
difficult to deal with Bartlett’s theory. Some have claimed thatjt is limited in
scope, applying only to those rare circumstances that manifest gross inaccu-
racy in recall {see Alba and Hasher, 1983), while others have concluded tha:
it is flawed in that it cannot account for the recall of specific or episodic
knowledge (Brewer and Nakamura, 1984).

Can the problems with the notion of schema be resolved! This question,
along with general dissatisfaction with modem schema theories, motivated the
first author in mid 1970s to critically explore the theoretical nature of the
schema. Iran-Nejad (1980) reported the early resules of this exploration by sug-
gesting that schemas must be viewed as transient structures created directly by
the ongoing functioning of the nervous system, tather than static, long-term
memory steuctures. According to Iran-Nejad {1980, 1986, 1987), much of the
confusion covering the concept of schema can be clarified with the under-
standing that Bartlett’s {1932) schema theoty is fundamentally different from
modetn infotmation-processing schema theories in that Bartlett viewed the
schema as a transient functional pattermn. Bartlett’s idea that the schema is an
ongoing organization constructed and upheld perhaps ditectly by the ongoing
activity of the brain has become increasingly more attractive as some contem-
porary researchers find the long-term storage metaphort to be unacceptable
{Bransford et al., 1977; Jenkins, 1974). The rransient schema hypothesis also
raises a question in light of the amount of research effort modern cognitive
psychology expends on problems related to the organization of schemas in
the long-tetm memory store. If there are no long-term memory schemas then
exploring their organization is like searching for the ghost in the machine.

Some inconsistencies In the schema-theoretic literature become easier to
reconcile with the understanding that even though all schema theories share
concern about the influence and organization of prior knowledge, not every
theory views the concept of schema in the same way. For instance, although
researchers sympathetic to Bartlett's approach (e.g., Bransford et al., 1977;
Spiro, 1977) experienced great difficulty, as did Bartlett, to find words to
describe precisely what was meant by the term schema, modemn theories seem
to have no trouble introducing new terms for what they claim to be similar
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8 IRAN-NEJAD AND WINSLER

concepts. How could this be? Bartlete (1932) was gravely concerned about
the fact that the concept of schema implied “a vaguely outlined theory,” “a
persistent but fragmentary form of arrangement,” and “a passive framework or
patchwork” (see pp. 201-204); but these are precisely the type of expressions
leaders in modern schema theory used to characterize schemas and their con-
struction (see Neisser, 1967, pp. 205-296; Rumelhart, 1980, pp. 37-38). The
transient schema hypothesis implies that these problems arose because
Bartlett and modern schema theorics speak vastly different languages and
that a useful distinction can be made between structural schema theories,
that define schemas as static, long-term memory templates, and functional
schema theories, that view schemas as dynamic, ongoing, and continuously-

evolving patterns (Iran-Nejad, 1980, 1986, 1987, 1989).
Structural Schema Theories

According to Rumelhart {1980), for all authors who use “the notion of a
schema and the related notions of beta structures, frames, scripts, plans, and
so on, . . . schemata truly are the building blocks of cognition . . . the fundamen-
tal elements upon which all information processing depends” (p. 33). Two
aspects of this definition must be noted here. It states that {a} schemas are
elemental building blocks or monoliths, and (b} all information processing
depends on the prior availability of such building blocks in long-term
memory. This suggests that no leaming can occur without an incoming string
of input information and a relevant pre-existing schema.

As noted by Rumelhart (1980}, all versions of the structural schema theory
share the same basic assumptions. For instance, they all view schema con-
struction as the instantiation, with or without modification, of generic long-
term memory structures in particular contexts: “abstract schemata program
individuals to generate concrete scenatios” {Anderson, 1977, p. 423). It is
possible, however, to distinguish at least three substantially different versions
of the structural schema theory and discuss prototypical examples of each.
These are theoties that define schemas as {a) program-like frames (Minsky,

1975; Neisser, 1967}, (b} nodes in an associative network (Bower, 1981;
Colling and Loftus, 1975), and {c) underlying event sequences (Brewer and
Lichtenstein, 1981; Graesser, Gordon, and Sawyer, 1979: Rumelhart, 1975;
Schank and Abelson, 1977). The three versions differ not only in their basic
assumptions but also in their historical origin.

Schema as a Program-Like Frame

Frame or template schema theories have their origin in the computer
metaphor. Neisser (1967) used the computer program analogy o clarify the
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fconcept of schema. He defined a program as a “recipe for selecting, storing,
recovering, combining, outputting, and generally manipulating” information
t (p. 8}, and argued that viewing schemas as analogous to a computer program
 provides the much needed philosophical assurance that cognitive structures
. can really exist. Referring to Bartlert’s (1932) work as an example, Neisser
¥ (1967) noted that “there were cognitive theotists long before the advent of
 the computer, . . . but, in the eyes of many psychologists, a theory which
5 dealt with cognitive transformations, memory schemata, and the like was not
- about anything” (p. 8). A program, he added, controls the operation of a tan-
. gible machine and a psychologist who talks about program-like mental struc-

tures is doing nothing self-contradictory in the same way that “a man who

- seeks to discover the program of a computer is surely not doing anything self.

contradictory” (p. 8). Neisser’s program analogy provided a sense of concrete-
ness to the assumption that knowledge (or mental software) is autonomous;
it is analyzable directly and formalizable withour the simultaneous noEEnau
tion of the functional properties of the biclogical system. Mental schemas
could literally exist in the head just as computer programs can exist on com-
puter disk. The psychologist would not be concerned with the form in which
_.Sozﬁ_ schemas were stored, just as the computer software scientist would
not care much whether his parricular computer stores information in mag-
netic cores or in thin films” (Neisser, 1967, p. 6). Rather, according to
Neisser, what the psychologist would want to understand is the internal
structure of individual schemas and their ovecall organization in the long-
term memory store in the same sense that the computer software scientist
would have to specify the intemal structure of individual programs and the
overall organization of the filing system in which those programs were kept.

The program analogy does a good job of taking much of the mystery out of
the process of schema storage, retrieval, and instantiation, but it also intro-
duces some rigid constraints. Thus, if a schema is available in long-term
memmnary, it is retrieved and instantiated when needed in much the same way
that a computer program is retrieved and runs on raw dara. If no suitable
long-term schema is available, perception and comprehension cannot occur.
The leamner simply ignores the information for which there is no available
schema {Neisser, 1976).

Few psychologists today take the program anslogy literally and many find
the computer metaphor unacceptable as a model of human cognition (e.g.,
Rumelhart, 1984). Furthermore, it is noteworthy that Neisser (1976) himself
was one of the first who expressed dissatisfaction with it. Nevertheless, the
associated concepts continue to be used in many areas of psychology (see
Andre and Phye, 1986; Lang, 1984; Pressley and McComick, 1995).

Bartlett’s schema theory, unlike Neisser's, was concerned with che func-
tional characteristics of the system that creates knowledge and not with the
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retrieval and instantiation of mental programs. For instance, Bartlett (1932)
argued emphatically against the long-term storage hypothesis. Whereas
Neisser {1967) stated that “no one would dispute that human beings store a
great deal of information about their past experiences” (p. 5), Bartlett
(1932, p. 200) did just that when he objected to Head’s phrase that the
cortex is “a storehouse of past impressions” (Head, 1920, p. 607). Cerrainly,
Bartlett never used any long-term storage metaphors in relation to his own
theory,

Schema as g Node in an Associative Network

Many schema theorlsts assume that the schema is a node in an associative
long-term memory network. The network metaphor carries two types of
assumptions that have to do with representation and processing. Representa-
tional assumptions deal with the static organization of knowledge in long-
term memory. The principle assumption is that schemas are organized in a
hierarchical netwark according to the associative principles of subordination,
superordination, and simitarity with the most complex and abstract schemas
at the top and the simplest sensory schemas at the bottom. Processing
assumptions deal with the construction, storage, and retrieval of knowledge.
The most influential of these assumptions relates to the notion of spreading
activation, proposed initially by Collins and Loftus (1975), bur also used in
the models proposed by Anderson (1976}, Hintop (1981), and McClelland
and Rumelhart (1981, 1985; Rumelhart and McClelland, 1982).

The network metaphor has been highly controversial, more so than the
computer metaphor. One of its first critics was Jenkins (1974) who noted
that “many of us confuse the dicta of associationism with the ground of
empirical science itself . . . associationism is only one view; it is not a neces-
sary one” (p. 786). Similarly, Bransford, Nitsch, and Franks (1977) stated
that network models might explain how information that is already stored is
used, but cannot “provide insights into processes by which people leam what
to do to go beyond what they know” (pp. 34-35). Finally, Norman (1980}
argued that “associations among memory concepts . . . limply} much too
much knowledge of the wire (or of its biological equivalent) that is to snake
its way among the already existing stuff” (p. 178).

Not only did Bartlete (1932) refuse to define schemas in associative terms,
but he devoted a good portion of his book contrasting his theoty with associa-
tionism. Interestingly, many of the issues he raised are equally applicable
today. For instance, he noted that the notion of association tells “something:
about the characteristics of associated details, when they are associated, bue it
explains nothing whatever of the activity of the conditions by which they are
brought together” (1932, p. 308). Like Jenkins, Bransford, and others, Bartlett
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tlso argued that a schema is qualitatively different from “a group of [associ-
Mted) elements each of which retains its specific character” (p. 197).
Why is it, then, one might ask, as did Bartlett (1932}, that “although
 everybody now admits the force of the criticisms of associationism, the asso-
fationist principles still hold their grouhd and are constantly employed?”
(p- 307). Perhaps this “is because the force of the rejection of assoclationism
tdepends mainly upon the adoption of a functional point of view” (pp.
$307-308). Bartlett prophetically stated that “in various senses, therefore,
f associationism is likely to remain, though its outlook is foreign to the
._ demands of modem psychological science” (p. 308). Thus, in its most elabo-
I rate form yet, associative network modeling (Hinton and Anderson, 1981) is
E currently being used in the form of the rapidly expanding parallel distributed
- processing (PDP) approach, as a brain-inspired alternative to traditional
; computer-inspired models (Rumelhart, 1984; Schneider and Graham, 1992).
. Whether the connectionism of the PDP revolurion is an altemative qualita-
i tively different from conventional associationism and free from its long-last-
ing problems is a macter for the future ro resalve (see Iran-Nejad and
} Homaifar, 2000, this issue).

| Schema as an Underlying Event Sequence

. Many researchers, especially those dealing with prose comprehension,
' define schema as a deep or underlying sequence of events or actions, and
i schema instentiation as the process of matching the underlying sequence and
¢ the input sequence. Event schemas have been postulated by story grammari-
ans (Mandler and Johnson, 1977; Rumelhart, 1975; Stein and Glenn, 1979),
. who distinguish between surface and underlying narrative events (Brewer
and Lichrenstein, 1981, Rumelhart, 1975) in the same fashion that linguists
distinguish between surface and underlying structures for sentences
' (Chomsky, 1965). Action schemas have been postulated by script theorists
{Schank and Abelson, 1977) who have investigated memory for stereotypic
~ or overleamned activities (i.e., shopping at a supermarket) that lead to 2 cer-
F. tain goal or consequence. These two types of schema theories are briefly
described below,
g The story grammar approach. The first general story grammar approach that
¥ adopted the formalism developed by sentence grammarians was proposed by
% Rumelhare (1975). Rumelhart's explicit concern was with the sequential weil-
% formedness of stories: “just as simple sentences can be said to have an internal
$tructure, s0 too can stories be said to have an internal structure . . . the
nation of ‘well-formedness’ is nearly as reasonable for stores as it is for sen-
g tences” (p. 211). Rumelhart suggested that the difference between a random
& *tquence of events and a well-formed story is that, unlike the random
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sequence, the sequence of events in the well-formed story can be related, via
rule-governed constructive processes, to a generic undelying sequence of
events. He, therefore, assumed that there exist generic underlying structures
in long-term memory that guide the comprehension of parricular stories.

Mainly because of an important review by Black and Wilensky (1979},
researchers have realized that, as a general theory, story grammar is no longer a
fruitful area of research. Using the same string of sentences that Rumelhart
(1975} used to launch his story grammar, Black and Wilensky demonstrated
that underlying constituent structures cannot guide story comprehension
because, “in otder to determine the constituent structure of the story, we need
to first have understood the story” (p. 227). Although, as Wilensky (1983) put
it, “the mistake in the analegy to sentence grammars should by now be obvi-
ous,” (p. 582) the story grammar approach is far from extinct (see Yussen,
Huang, Mathews, and Evans, 1988). A few years after Black and Wilensky's
devastating review, Brewer and Lichtenstein (1981, 1982) restated the analogy
again arguing that “it is necessary to make a theoretical distinction between
the two [underlying and surface] levels in nacrative” and that this distinction
“provides advantages in theorizing about namratives that are analogous to the
advantages chat the distinction benween abstract structure and surface struc-
ture provides for sentences” (p. 365). For Rumelhart {1975), as welt as for
Brewer and Lichtenstein (1981, 1982}, the underlying structure is a long-term
memory schema in which the events in a particular story “are crganized in
terms of their temporal sequence in some presumed event world” (p- 365).!

The scripe approach. As used by schema theorists, a script “is a schema that
underlies a frequently enacted activity, for example, going to a restavrant, or
a less frequent, but conveational activity, for example, getting married”
(Graesser, Gordon, and Sawyer, 1979, pp. 319-320). For instance, every time
A PErSOR Ques O & restaurant, or brings the concept to mind, he or she
recrieves and uses his or her restaurant schema, which consists of such

generic events as being seated, ordering, being served by a waitress or waiter,

eating, paving, and leaving,
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The script is probably the most well-specified of the concepts related 1o
schema, Specifically, a grear deal of research in schema theory has focused ¢
the influence of schemas on the encoding or retrieval of schema-consistent
information (see Alba and Hasher, 1983; Thorndyke and Yekovich, 1980).
However, as alceady suggested, structural schema researchers have seldom
considered constiuctive processes other than those involved in schema
instantiation and, consequently, they have assumed that information unre-
lated to, or inconsistent with, the schema being instantiated is ignored ar the
time of encoding. Scripe cheorists, on the other hand, have articulated some
of the conditiens for the encoding and recrieval of schema-unrelated or

“schema-inconsistefit events (Bower, Black, and Turner, 1979; Schank and
Abelson, 1977).

A widely-examined hypothesis in chis regard is the notion of script-
pointer-plus-tag {SP+T) [Graesser, 1981; Graesser et al., 1979]. According to
this hypothesis, when a passage is comprehended, an abstract memory repre.
sentation for it is constructed that consists of a pointer and a set of tags, The
“pointer” points to the generic scripe that guides the comprehension of the
original passage, while “tags” attach ro any script-unrelated or script-incon-
sistent items rhat the reader encounters during reading. At retrieval, individ-
uals use the pointer to copy the events stored in the generic long-term
memory script into the short-term memary butfer in an all-oc-none fashion,
that is, regardless of whether these events were explicitly presented in the
original passage. And they use the rags to copy otherwise isolated items of
unrelated or inconsistent information. Thus, the SP+T enables the individ.
ual e reconstruce an episadic seenario of the vriginal input thar contains {3)
the schema-consistent generic information and {bY uther schema-inconsis-
tent or schema-unrelated evenes.

Like uther schema theories, the scripe notion can explain the findings thar
generic schema-consistent information is often remembered herter than
schema-irrelevant information and that recall otten results in inferential
intrusions {(Anderson and Pichert, 1978: Pichert and Anderson. 1977 Spiro,
1977, 198Ca; Thorndyke. 1977). Having heard a1 passage abour earing in a

:.:a..._n,_r._. v opposed to an inreaclevel approach o cher sonde lein-Nejod, ore, wd
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Sary wrammarians nead o serionsdy conseler these problems™ Urst-Nepd, 193, po W0 Lh o
well-desiened set of studics, Brewer and Lichtenstemn (1931, 1952 puanaeed to challense ¢
claum by Jemansteating thae indeed the structural arranyement o the cvene m the stor cogll
be used ro manipulace surprise. curiosity, and suspense. Their evidence. therenire, halle
the clvim Mustrated with che camera metaphor and the surprise-vmhing sron e irin-N
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namel 1 firm handle on the SARCCEIINMERE Sun T . ertheless, -1
eranzerenr v ot e the iseeg gontest For Brewer 1nad T AN AT TR
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restaurant, an individual is more likely to remember that the passage stated
that the customer otdered a drink, as compared to remembering that the pas-
sage contained a statement about the waiter using a pencil to take down the
order. The individual is also likely to recall falsely that the passage stated
that the customer paid the bill before leaving, due to the all-or-none copying
of the contents of the generic schema. However, unlike other versions of
schema theory, the SP+T hypothesis can also explain why the individual
would be likely to remember if the passage contained an atypical statement
(e.g., a dog accompanied the waiter to every table).

But comprehension and recall of scripted activities seem to require more
than a generic underlying sequence. One must, for instance, explain the
recall of nongeneric script-consistent actions. In fact, the SP+T hypothesis
seems to create problems of its own. Note that the pointer-plus-tags notion
suggests that for every o-be-remembered situation, people store a pointer to
a generic schema and a tag with every unrelated or inconsistent event. This
implies that any event that is nongeneric and schema-consistent will nat be
remembered. Examples are specific (e.g., the customer ordered lamb chops)
or unique (the customer ordered kangaroo liver) schema-consistent events.?

Was Bartlett's schema anything like an underlying sequence of events or
actions!? Bartlett’s {1932) discussion of the relationship between schematic
functioning and remembering {pp. 202~208) suggests that it was not.
According to Bartlett, the schema that guides the comprehension of input
events or that generates the order of recall items is not itself sequential in
structure: it operates not simply as a sequence of individual items “coming
one after another, but as a unitary mass” {p. 201). At the time of remember-
ing, this broad and nonsequential schema enables the individual to “rove
more or less at will in any order over the events” {p. 203} and to produce the
order in which items should be arranged for recail.

The structural schema theories just discussed have diverse origins {com-
puter models, assoctationism, linguistic theory) and use different metaphors or
analogies (the computer program, the network, the sentence), but they all

1Surprise-ending stories present a serious problem for the SP+T hypothesis. Why don't
people rreat the surprising events as merely inconsistent or ireelevant? Struccurally, the sur-
prising svents are at least as consistent with the pre-surprise event structure of the story as
are comparable no-surprise events. One might assume that imelevant or inconsistent cvents
are likely to be remembered to the extent that they receive actlve (or conscious) attention
by the individual. In the flip-flop that occurs in the surprise-ending story, two dramatically
different interpretations of the story are involved. It is unlikely that, upen encountering the
surprising events, the reader goes back and pays conscious attention to story events in order
to reinterpret them one afier ancther in terms of the post-surprise perspective. How can we
“describe the somewhat instantaneous reshuffling involved in the comprehension of this
{kind] of story” (lran-Nejad, 1980, p. 27)1 Any answers that the structural schema cheory
might offer to these questions are still as unknown as they were when Iran-Nejad {1980)
raised them two decades ago.
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& view knowledge construction as the retrieval and instantiation of pre-existing

long-term memory schemas, Structural schema theories also tend to suggest
that learning cannot occur in the absence of prior schemas andfor external
input; and, consequently, it is often necessary within these models to postu-
late innate knowledge structures to account for learning at early stages of
development. In addition, they all view background knowledge as a s:-: -
house of a vast number of static structures; they all consider the schema 1o 2
a monolithic building block of long-term memory; they all use processing con-
cepts (i.e., search, find, retrieve) compatible with the long-term storage
metaphor; and they all assume that the most important goals of psychological
teseatch must be understanding how knowledge is organized in long-term
memory and how isolated schemas are retrieved and instantiated.

Although the differences among the three versions of structural schema
theory are also substanuial, it is important to note that these differences do
not make them incompatible. In fact, the three approaches may be viewed as
complementary in that each area seems to address a different aspect of cogni-
tion, Neisser’s computer metaphar stresses the information processing aspect;
the network theory concentrates on the overall scructure of long-term
memory; and the script theory/story grammar approach captures the sequen-
tial aspect of human knowledge. The most severe problem facing the struc-
tural schema approach concerns leaming. In its extreme form, this problem is
illustrated by the fact that the program analogy led Neisser (1976) and
Rumelhart (1980) to assert that people ignore all information other than
schema-consistent information. As already discussed, network theories and
sceipt theories also face simitar problems in dealing with nongeneric schema-
consistent information. In particular, it was shown that the script theory
cannot handle novel but schema-consistent information and the way it han-
dles schema-inconsistent information is arbitrary.

What we have discussed so far are some of the problems the structural
schema approach encounters with regard to what might be called fact leam-
ing, problems that have to do with whether or not the schema being instanti-
ated contains suitable slots for the available input information. There i,
however, the even more severe problem of how people manage to acquize
new, more complex, or different schemas than the instantiation schema with
which they begin their learning (Beteiter, 1985).3 This problem seems to be

o translate Berelter's (1983) leaming paradox into the problem surprise-ending storics pre-
sent for strucrural schema theary, we must ask how people manage to create the post-surprise
schema that is so different from the instantiated pre-surprise schema whose event connections
are already firmly in place. How can people unlnstantiate one schema in order to instantiate
another with the same event? It was questions such as these that led Iran-Nejad {1980) to che
conclusion that schemas must be viewed as rransient structures, thereby abandoning the
notion of long-term memory schemas altogether.
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a consequence of the more general assumption in cognitive psychology that
human beings have active control over their learning. It arises not because
the active control hypothesis is incorrect, but because active construction is
often viewed as the vne and only source to regulate learning in novel situa-
tions (Schneider and Shiffrin, 1977; Shiffrin and Schneider, 1977).4

The problem can be illustrated in the context of Neisser's (1967) dinosaur
reconstruction analogy of active construction in the information processing
system (IPS). There ate three components to the analogy. Analogous to the
paleontologist as the agent of reconstruction is the internal executive as the
agent of active knowledge construction in the IPS. Analogous to the proce-
dure {or the "recipe” for dinosaur recanstruction} that the paleontologist fol-
lows ate long-term memory schemas, which are static and passive. And,
finally, analogous to the particular raw materials {(bone fragments, etc.} used
in dinosaur reconstruction, there is the concrete information content, which
is also static and passive. This analogy suggests that the only compunent that
actively engages in the construction process is the central executive. The
other two components are static and passive.

Neisser’s (1967) view of active construction continues to be widely
embraced today. For example, in the introductory chapter of a book on leamn-
tng, Andre and Phye (1986) state that "the executive is that component of
our memory system that keeps track of whar information is being processed
and controls the flow of processing to determine which activities occur and
which processing components receive system resources” (p. 9). Given
Neisser's (1967) view of active construction, it is difficult to see how an indi-
vidual can cuonstruct a schema more complex than the schema that guides
the process of construction. Thus. “although this ‘constructivist’ view of
learning and development has a great deal of intuitive appeal and empirical
support, it is in trouble theoretically” {Bereiter, 1985, p. 201} because it faces
a learning paradux that continues to defy solution. We will return to this
point after discussing Bartlettian functional theory.

Bartlett's Functional Schema Theory

There are several reasons to view Bartlett's (1932) theory as fundamentatly
different trom the accounes described ubove. Firse, as already shown, he
rejected several of the basic assumptions common in modern constructivist
theories. Second, the majority of the concepts now common in the scructural

IThis would be vnalugous 1o the president of the United States allucating persanal arrention
to every change that wught e occur in the country. The slrernative, nf course, is for the indi-
viduul citizens to regutate changes locally and for the president 1o only deleyate wrtention
thase bocal events (see Tran-Nejud. 1990, This is the cssence of Jisteibuted selfregulacion
that can be only dymamically regslated (Lean-Nejad and Chissem, [(993).
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schema literature were seldom used by Bartlett. Third, Bartlett’s own con-
cepts (e.g., turning round upon one’s schema) have generated considerable
confusion among structural schema theorists. And finally, it can be shown
that Bartlett’s theory has its own origins and assuroptions and that many of
the structural interpretations commonly made of Bartlett's ideas are, in fact,
incompatible with his theory.

Pre-Bartlett Structuralism and Functionalism

Neisser’s (1967) program analogy spawned the most plausible and certainty
the most productive form of structuralism — but structuralism was by no
means a new approach. The nearly exclusive reliance on direct analysis of
mental products (software) mandated by the program analogy was also the
hallmark of nineteenth-century structuealism. Ironically, it was Neisser (1976)
himself who drew attention both o this similarity between modern and pre-
Bartlett structuralism and to the undesirable consequences of the direct struc-
tural analysis approach. He stated that “the study of information processing
has momentum and prestige, but it has not yet committed itself to any con-
ception of human nature . . . its basic assumptions go little further than the
computer model . . . [and] are surprisingly like those of nineteenth-century
introspective psychology, though without introspection itself” (pp. 6-7).5

Historically, two alternatives to direct structural analysis of mental prad-
ucts have been proposed. Gesralt psychology (Wertheimer, 1945), cited ofren
as one of the predecessors of the modern structural schema approach,
tejected direct analysis of mental structutes arguing that the properties of the
whole ate lost in the course of its analysis into parts {Boring, 1942). The
other approach that apposed direct analysis of mental objects was the func-
tional perspective (Angell, 1907; Dewey, 1896; Head, 1920). For example,
referring to the structuralism of Wunde (1874) and Titchener (1898), Angel!
stared that in thejr hands “mental life tends to fall apart, and when put
together again it genetally seems to have lost something of its verve and
vivacity. [t appears stiff and rigid and corpse-like” (1907, p. 74). Unlike pre-
Bartlett or modern structuralists, functionalists did not assume that mental
structures pre-existed as static long-term memory. Like Barelerr (1932),
Angell, for instance, explicitly rejected the fong-term storage metaphor star-
ing that no matter “how many meraphors we may sunmon to characterize
the storage of ideas in some hypothetical deposit chamber of memury, the

Neisser’s acknowledgement that his information processing theory flourished ot the expense
of “any conception of the human nature® is essentially the same as Tran-Nejad s (1950 cliim
desueibud in footnore 1 about the story grammar apprech having flourished at the ex petise of
thase very human characeerisrics thar make stories what they are.
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obstinate fact remains that when we are not experiencing a sensation or an
idea it is, strictly speaking, non-existent” {1907, p. 65).

Pre-Bartletr and Bartlect’s funcrionalism were similar not just in their rejec-
tion of direct strucrural analysis or long-term memory metaphors, but also in
their opposition to the ideal of simplification by isolation. Dewey's {1896)
objection to the notion of the reflex arc and Bartlete's (1932) objection to the
study of nonsense syllables are prime examples, Dewey stated that the so-
called reflex arc does not function in isolation as a parchwork of discrete parts
connected by a string of associative links; rather, every reaction is an “unin-
terrupted, continuous redistribution of mass in action” {1896, p. 364).

Bartlett's Schema as Physiological and Functional

Bartlecr (1932) explicitly identified his approach as being functional and
physiological: “believing as I do that psychology in its experimental aspects is
a biological science, | have endeavored throughout to adopt a strictly func-
tional point of view” (p. vi). Interestingly, Head (1920} was the only func-
tionalist whose influence Bartlett directly acknowledged, and Bartlett rarely
discussed the work of early structuralists in any detail. However, Barclett
viewed his approach as being in stark opposition to associationism which he
criticized extensively. Before accepting Head's schema theory, Bartlett made
two qualifications, The first qualification is Bartlett’s (1932) strong rejection
of the notion of a mental warehouse. In his writings, Head (1920) used the
phrase “storehouse of past impressions;” and this was one aspect of Head's
theory that Bartlett carefully disclaimed. The second qualification reflects
Bartlett's unwillingness to allow a categorical distinction between what is
conscious and unconscious. Head, when discussing how no change can ever
occur in isolation, stated that impulses do not “enter consciousness™ as single
events; rather, every change, befare it rises into consciousness, combines
with the ongoing schema “outside central consciousness” (pp. 605-607).
Rejecting the categorical separation between what is conscious and uncon-
scious, Bartlett found such expressions as “into” and “outside” consciousness
perplexing. With these qualifications made clear, Bartlett essentially adopted
Head's functional schema theory.

Like all functionalists, Head (1920) attributed a central role in mental
functioning to ongoing awareness — awareness and physiology were the
foundations on which he built his definition of the schema. He maintained
that moment to moment functioning of the nervous system was responsible

far continued updating of peripheral and focal awareness, forming “organized

models of ourselves which may be termed *schemata’™ (1920, p. 607).
Referring specifically to postural ongoing schemas, Head stated that “any-
thing that participates in the conscious movement of our bodies is added to
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. the model of ourselves and becomes part of these schemata” (p. 606). He
I emphasized the term “anything” by stating that “a woman's power of localiza-
tion may extend to the feather in her hat” (p. 606). It was in this sense, of
cognition built on the foundations of physialogy, ongoing activiry, and
awareness, that Bartlett {1932) adopted Head's notion of schema.

Thus, Bartlett’s (1932) schema was an ongoing organization that could
neither be isolated as an elemental monolith nor stored away statically as a
program-like entity. It was a global “model of ourselves” emerging out of the
ongoing functioning of the nervous system as an integrated totality and
expanding continuously from within to the world around us. This is the
essence of an approach that urges an explanation of mental phenomena in
terms of the functional properties of the brain. It is important to keep in
mind that Bartlert chose to adopt Heads, a neurophysiologist's, notion of
schema as his theoretical weapon for arguing against (a) behaviorists' ten-
dency to over-emphasize stimulus control and (b) the ideal of simnplification
by isolation characteristic not just of the work of Ebbinghaus, but also of “the
bulk of experimental psychological work on perceiving, on imaging, on feel-
ing, choosing, willing, judging, and thinking” (Bartletr, 1932, p. 6).

The failure of the term schema to capture these crucial aspects, its inhet-
ent static connotation, and its potential for misuse were sources of concemn
that Bartlett (1932) repeatedly mentioned (pp. 201, 203, 311}. He noted
that the term schema “does not indicate what is very essential to the whole
(' notion, that the organized mass results of past changes . . . are actively doing
something all the time; are . . . carried along with us, complete, though
developing from moment to moment® (p. 201). To capture these ongoing
- and global aspects, Bartlett sometimes used the expression “scherna-of-the-
- moment” (pp. 202, 203, 214).

For Bartlett (1932), the schema-of-the-moment was a coherent or “orga-
 nized mass rather than . . . a group of elements each of which retains its spe-
.. cific character” (p, 197). He did not elaborate on the phrase “organized
f. mass” however; although he clearly suggested that he had in mind something
¢ similar to what people like Thomas Brown (1820) and John Stuart Mill
(1843/1965) meant when they used the term “combination.” In an associa-
f tive cluster, the elements retain the properties that reveal their identity. In
this sense, an associative collection is analogous to a physical mixture as
opposed to a chemical combination. Out of the combination of oxygen and
hydrogen emerges a compound thar is neither oxygen nor hydrogen, with
- characteristic physical properties that identify it as water but no longer as the
- original elements. By contrast, out of the mixture of oil and water, nothing
j emerges that is not oil or water. By the same token, the mental combination
- (or the schema) that emerges is different “in kind” from the collection of ele-
L ments that create and uphold it (Jenkins, 1974).
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Burt unlike a chemical combination which is relatively permanent,
Bartlett’s schema was inherently transient and ongoing {see Iran-Nejad,
1980) “, .. since its nature is not that of a passive framework or patchwork,
but of an activity, it can be maintained only if something is being done all
the time" {Bartlett, 1932, p. 203). Recall that Bartlett's rejection of the
schema as a “passive framework or patchwork” suggests a perspective which
contrasts diametrically with the one implied by the notion of schema shown
in the second component of Neisser's dinosaur analogy.

Finally, Bartlett’s (1932, 1935) schema, like Head’s {1920), was discussed
as a dynamic mass of psychological and physiological activity. It was ongoing
awareness created and upheld by a mass of ongoing physiological activity.
Bartlett suggested that two types of activity contribute to the evolution of
the ongoing schema. The first occurs “on a basis of purely physical and physi-
ological determinants” (1932, p. 208) outside the individual’s active or delib-
erate control. The second type is active, is mediated by awareness, and
occurs after the person discovers a way ta “turn round upon” the ongoing
mass and manages to “get to know” and control its components. It is in terms
of these two types of constructive activity, and not by filling the instantia-
tion slots in a passive long-term memory schema, that background knowl-
edge influences perception, comprehension, and remembering.

Unexplaining Bartlett’s Theory .

There is evidence that Bartlet’s (1932} schema theory represents a func-
tional approach different in kind from modern structural schema theory
(Iran-Nejad, 1980). The differences between the two approaches suggest that
(a} problems associated with the structural schema approach do not necessar-
ily apply to Bartlett’s schema theory, and (b) recent claims about flaws in
Bartlett's view may be an artifact of the application of a structural perspec-
tive to his functional theory.

The nature of schema. In structural schema theory, cognitive schemas con-
sist of unconscious relations and processes. As a result, structural interpreta-
tions suggest that Bartlett’s schema is an unconscious mental structure. For
instance, Neisser (1967) identified four levels of theoretical analysis: physi-
clogy, unconscious schemas, contents of consciousness, and overt behavior.
Bartlett’s cognitive psychology, Neisser argued, was about unconscious long-
term memoty schemas whose existential status had always been uncertain

until structural cognitive psychology literally discovered rhe program-like

nature of schemas with the advent of the computer metaphor. More recent
structural interpretations of Bartlett’s theory have essentially reached the
same conclusion. For instance, Brewer and Nakamura (1984) discussed
Bartlett’s theory and argued that “the hypothesis that schemas are complex
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 unconscious knowledge structures is one of Bartlett’s major contributions”
£ (p. 121).

. Indeed, some of Bartlett's (1932} statements, if viewed from a structural
% point of view, may be construed as suggesting that schemas are unconscious.
As Brewer and Nakamura (1984) have noted, Bartlett stated that “every day,
 many times over, we make accurate motor adjustments in which . . . the [pos-
E tural] schemata are active, without any awareness ar all, so far as the measure
E of the changing postures is concerned” (p. 200). However, from a functional
¥ point of view, we can infer that Bartlert was concerned here not with an all-
or-none definition of schemas as unconscious memory structures but with the
E notion that unintentional adjustments, or “unwitting alterations” as he
called them, occur all the time in ongoing schema.

) Not only did Bardlete (1932) not view schemas as unconscious structures
_” but he, like Head, equated cognition with awareness or at least strongly sug-
* gested thar there is no cognitive maverial without it:

What [ have agreed to call “reactive significance” may be present on a purely physio-
logical level, but as soon as ever the reacting subject, or organism, becomes aware of
the material with which his reactions deal, there is meaning. The stage has been pre-
pared already for the organization of such material into specific settings. {p. 237}

Here Bartlete makes awareness, which arises out of purely physiological activ-
f ity, a prerequisite for establishing meaning — meaning emerges with the
emergence of awareness. Furthermore, he claims that with the emergence of
awareness (or meaning), the stage is set for cognitive material {e.g., mental
imagery) to organize into “specific settings” {i.e., particular schemas).

Active construction and connection-based automaticity. In modern schema
theory, constructive processes refer to retrieval, instantiation, and modifica-
tion of generic long-term memory schemas. Retrieval may be active and
occur top-down under the control of the individual organism represented
internally by a central executive. [t may also be automatic and occur on the
basis of pre-established between-schema connections. Similarly, schema
instantiation can be active under the selective control of the organism or
automatic on the basis of within-schema connections. Thus, the schema
either serves as a plan for the processing (or assimilating) of incoming infor-
mation for which there are pre-existing slots (or varlable nodes} in the
schema, or the schema serves to determine rhe default contents of those slots
for which no explicit incoming information is available. Schema. modifica-
tion occurs when the incoming informarion does not readily fit the slots but
can be accommodated under the active control of the individual organism.

Structural schema theorists generally assume that this is the sense in which
Bartlett used the term “construction.” Brewer and Nakamura's {1984) recent
discussion of Bartlett’s theory can be used to illustrate this point. These
























