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Automatic Abstraction of Stimulus Structure From Episodes:
Comment on Whittlesea and Dorken (1993)

Robert C. Mathews and Lewis G. Roussel

B. W. Whittlesea and M. D. Dorken's (1993) experiments were designed to examine whether im-
plicit learning reflects automatic abstraction of the structure underlying stimuli or instead reflects
task-dependent encoding of particular experiences. Their episodic approach presents 2 difficul-
ties: One problem is their assumption that automatic abstraction implies abstraction of knowledge
directly from the stimulus rather than from memory representations of experiences. A 2nd prob-
lem is that they dichotomized information (item information and global regularities) that is natu-
rally and easily acquired simultaneously. Purely episodic systems become inefficient and waste
resources in real-life situations involving high levels of experience. We argue that it is more fruit-
ful to view memory as a conceptualizer that enables efficient interactions with the environment.

Implicit learning phenomena are important because they
highlight a paradigm shift away from viewing memory as an
information storage device toward viewing it as an active
mechanism of knowledge acquisition. Historically, psychol-
ogy adopted an information-processing perspective on mem-
ory in which memory representations of experiences are cre-
ated (encoding) and then stored in a warehouse (long-term
memory) until reactivated by appropriate retrieval cues and
subsequently used for some purpose. We believe that this
emphasis on exact retrieval of information previously input
into memory is derived more from the type of tasks that
psychologists chose to study (e.g., list recall experiments)
than from the function of human memory.

The primary function of human cognition is to facilitate
effective interactions with the environment. As such, a sys-
tem that minimizes the amount of information that must be
processed to perform a task is more adaptive than one that
more perfectly catalogs past experiences. Abstraction of
stimulus structure reduces the amount of information that
must be processed to effectively interact with the environ-
ment (e.g., Collins & Quillian, 1969; Smith & Medin, 1981).
Therefore, systems that abstract stimulus structure are more
adaptive and are preferable to systems that catalog on purely
rational grounds (cf. Aha & Goldstone, 1990; Anderson,
1991).

People who have attempted to build artificial intelligence
systems that acquire new information are well aware of the
problems of putting too much information in memory (e.g.,
Lenat, 1983). Redundant and unnecessary information (ap-
propriately called "mud") quickly makes these systems in-
operable. Also, inattention to and failure to learn about re-
dundant cues has been well documented in the learning
literature with animal experiments (e.g., Kamin, 1969). We
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doubt that human memory systems are any less efficient than
those of other animals.

The Whittlesea and Dorken (1993) article attempted to
explain implicit learning phenomena in terms of the tradi-
tional memory theory embracing the warehouse metaphor.
Whittlesea and Dorken provided evidence that (a) tasks in-
fluence the encoding of experiences and thereby affect the
ultimate knowledge derived from a set of experiences and (b)
particular memories of experiences can often serve as an
adequate guide to performance without implicit abstraction
of stimulus structure. We have no quarrel with either of these
ideas or the evidence supporting these notions. However,
these findings are equally consistent with modem abstrac-
tionist views and are irrelevant to the more fundamental
question of whether the warehouse model is an adequate
model of implicit knowledge.

The main objective of Whittlesea and Dorken's (1993)
experiments was to demonstrate that encoding tasks alter the
type and quantity of knowledge acquired from experience.
For example, in their Experiment 5 they showed that tasks
that require maintenance rehearsal of strings (5a), detection
of repetition patterns (5b), or memory of strings (5c) result
in different patterns of transfer performance that are con-
sistent with the operations needed to perform the respective
encoding task. Because encoding tasks influence the knowl-
edge acquired from experiencing the strings, Whittlesea and
Dorken argued that information about the strings was not
automatically abstracted. Instead, the knowledge acquired
was determined by the encoding task.

Whittlesea and Dorken's (1993) argument is predicated on
the assumption that abstraction theorists claim knowledge is
abstracted from the stimulus rather than from mental rep-
resentations of experienced stimuli. Whittlesea and Dorken
claimed, "The earliest, and still most prevalent, interpretation
of implicitly acquired sensitivity to deep structure is that
memory is in some way directly sensitive to abstract, struc-
tural properties of the environment" (p. 227). They argued
that their episodic-processing account differs from other
views on this fundamental issue: "The episodic-processing
account shares similarities with all of the accounts of deep-
structural sensitivity described in earlier sections, but differs
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from them in a fundamental way. According to this account,
memory preserves experiences, not stimulus structures"
(p. 230).

The assumption concerning direct abstraction from the
stimulus rather than memory representations, which is cen-
tral to Whittlesea and Dorken's (1993) thesis, might fit early
notions about artificial grammar learning (e.g., Reber, 1967,
1976) but is not applicable to modern abstractionist theories.
Contemporary theories of implicit abstraction are based on
connectionist models (Cleeremans & McClelland, 1991;
Dienes, 1992), induction theory (Holland, Holyoak, Nisbett,
& Thagard, 1986; Mathews, 1991), or competitive chunking
(Servan-Schreiber & Anderson, 1990). All of these theories
assume that knowledge is abstracted from memory repre-
sentations of experiences. Thus, any variables that affect
what is encoded about events (like the variables manipulated
by Whittlesea & Dorken) will affect the outcome of learning
(what knowledge is abstracted). Models based on these the-
ories are also highly sensitive to, and preserve much detail
of, the individual episodes to which they were exposed. Con-
sequently, all of Whittlesea and Dorken's results are con-
sistent with these modern abstractionist theories.

Computational models of implicit learning have demon-
strated that exemplar models and abstraction models are
much more similar than they first appear (cf Estes, 1986).
Only three minimal assumptions are necessary to convert a
purely episodic memory system to one that abstracts struc-
ture directly from experience. They are as follows:

1. Memories of experiences are incomplete. That is, mem-
ories are mental representations that include a subset of the
possible features of an experience that could have been en-
coded. In many theories of implicit learning, fragmentary
memories of exemplars serve as the building blocks for rep-
resenting the structure of related stimuli (e.g., Dulany, Carl-
son, & Dewey, 1984; Mathews, 1990, 1991; Perruchet &
Pacteau, 1990; Servan-Schreiber & Anderson, 1990).

2. Some experiences are better remembered than others
without conscious decisions to adjust their memorability
(strength).

3. Differences in memorability of episodes are related to
either frequency of encountering similar episodes (Servan-
Schreiber & Anderson, 1990) or usefulness of these mem-
ories for guiding behavior (Druhan & Mathews, 1989; Rous-
sel, Mathews, & Druhan, 1990).

We doubt that Whittlesea and Dorken (1993) would
strongly object to any of these assumptions. Yet they miss the
point that episodic systems with these features are capable of
simultaneously abstracting regularities and preserving epi-
sodic information when it is needed (Holland et al., 1986;
McClelland & Rumelhart, 1985). They insisted on dichot-
omizing abstract information of stimulus structure and in-
formation about individual episodes. They have said their
experiments are designed to determine "whether implicit
sensitivity to deep structure reflects automatic abstraction of
the structure underlying stimuli or whether it instead reflects
task-dependent encoding of particular experiences of stim-
uli" (p. 227).

Holland et al.'s (1986) induction theory illustrates how
systems can use instance-derived rules to simultaneously ab-

stract regularities and preserve local variations. Like Whit-
tlesea and Dorken's (1993) episodic approach, partial mem-
ories of episodes can be used as "rules" to guide behavior in
future situations (see Mathews, 1991, for applications of in-
duction theory to artificial grammar learning). However, the
induction theory (Holland et al., 1986) assumes that when
memories (instance-based rules) are applied successfully in
new situations, they are automatically strengthened. Thus, as
experience accumulates, good rules (memories) that capture
relevant aspects of stimulus structure are strengthened and
eventually dominate behavior. Even if features of stimuli are
randomly sampled to be included in particular memories
(rules), the process of strengthening rules that successfully
predict future outcomes eventually abstracts stimulus struc-
ture (Roussel et al., 1990). This automatic tuning or strength-
ening of fragmentary traces, which are good predictors of
future outcomes (see Mathews, 1991), is the passive abstrac-
tion procedure that Whittlesea and Dorken denied. It
"weights or selects stimulus properties in terms of their rel-
evance to the set as a whole" (Whittlesea & Dorken, 1993,
p. 227). Rather than being a degenerate case of inefficient
encoding (Whittlesea & Dorken, 1993, pp. 228-229), such
automatic detection and abstraction of stimulus structure
may be an important key to the power of human thinking.

Another important difference between the two theories is
that induction theory does not continue adding new rules
(memories) to the system after each new experience. New
rules are added to the system only when needed to improve
accuracy, that is, when predictions from current rules fail.
Adding new rules only when the system fails avoids the ac-
cumulation of mud that would otherwise make the system
much less efficient (see Holland et al., 1986).

Encoding sets limits on what can be learned from past
experiences. People will never discover regularities involv-
ing features that were not encoded. However, contrary to the
view of Whittlesea and Dorken (1993), encoding tasks do not
exercise complete control over learning about regularities
across features that were encoded in memories of past ex-
periences. In other words, people's minds are capable of no-
ticing regularities that they were not looking for. Such au-
tomatic use of regularities in stimuli, often without conscious
awareness that one is doing so, is the hallmark of implicit
learning (e.g., Berry & Broadbent, 1984; Lewicki, 1986; Nis-
sen & Bullemer, 1987; Polanyi, 1969; Reber, 1989). Perkins
(1981) considered the ability to discover regularities that one
was not looking for to be one of the three key features that
enable creativity.

Contrary to the pure episodic view expressed by Whit-
tlesea and Dorken (1993), there is considerable evidence sug-
gesting that memory traces dynamically interact rather than
being stored as independent episodes in memory. For ex-
ample, the thousands of experiments demonstrating proac-
tive or retroactive interference show that traces interact de-
spite task demands to keep episodes distinct. In proactive
interference experiments, subjects lose item information
(they forget particular list items), but they gain collective
information about list structure (e.g., they recognize that
all of the lists contained fruits). Other examples of trace in-
teractions that have been well documented in the literature
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include automatic integration of memorized sentences fol-
lowing a common theme (e.g., Bransford & Franks, 1972)
and unintentional infusion of information provided after an
event with memory of the original event (Loftus & Palmer,
1974). Interactions of traces in memory are adaptive because
the primary function of memory is to make predictions about
actions in future situations, not to serve as a diary of life
experiences. Whether such interactions occur in storage or at
retrieval, they serve the function of implicitly abstracting
stimulus structure (Medin & Florian, 1992).

One final problem with purely episodic theory concerns
automatic selectivity or increased attention to relevant fea-
tures of stimuli. In situations where subjects are induced to
encode and remember all the letters in artificial grammar
strings, subjects appear to focus on certain typical features
in recognizing strings (Mathews et al., 1989). Thus, selec-
tivity to cues that are typical of sets of experienced exemplars
appears to occur automatically even when subjects are at-
tempting to remember the items as single unique instances.
We believe that the learning process at work here is identical
to what happens in proactive interference experiments. More
frequent or common sets of features are better remembered
and stand out as characteristics of valid strings.

Ironically, the ultimate objective of Whittlesea and Dorken
(1993) and earlier work on exemplar models (Brooks, 1978;
Brooks & Vokey, 1991; Vokey & Brooks, 1992) is the same
as ours. We all agree that the distinction between thinking and
memory is an artificial one. People think (recognize, cate-
gorize, choose, etc.) with their memories. Thus, research on
memory, learning, and thinking needs to be integrated. All of
the work on episodic memory is highly relevant to catego-
rization and implicit learning. We argue that (implicit) learn-
ing processes operate outside awareness, altering the weights
of memories with the end result that people learn to pay most
attention to relevant aspects of stimulus structure. Abstrac-
tion of stimulus structure and memory of episodes are part
of the same process of adaptive knowledge acquisition.
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