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The Strategic Basis of Performance in Binary Classification Tasks:
Strategy Choices and Strategy Transitions

Lyle E. Bourne, Jr., Alice F. Healy, and James T. Parker

University of Colorado

and

Timothy C. Rickard

University of California, San Diego

Three experiments were conducted using a probe procedure in binary classification tasks to track
strategies and strategy transitions over blocks of trials and to determine the effects of task difficulty
(easy or hard classification rule) and task rule familiarity (artificial rule or natural language rule) on
classification performance and strategy use. Two primary response strategies were identified, one
based on the use of a classification rule and one based on the retrieval of instances from memory.
There was clear evidence of rule use during the early trials, but this rule strategy eventually was
replaced by the instance strategy except when the easy natural language rule was in effect. Response
time speed-up followed a power function that was specific to the strategy in use.© 1999 Academic Press
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Researchers have come to accept the idea
performance in any learning or memory t
might be governed at different times by diff
ent underlying mechanisms. Siegler and Jen
(1989), for example, examined the performa
of young children as they learned basic sin
digit addition, observing that performan
changes that occur with practice reflect a t
sition from the use of a counting algorithm
rule) for computing the answer of a given
dition problem to the retrieval of answers
rectly from memory. Similarly, Logan (198
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and Rickard (1997), in studies of pseudoar
metic performance with adult participan
agreed that an algorithmic (rule-based)
proach to answer production is required
used on initial problems but is replaced by
rect answer retrieval as participants beco
more skilled at the task (see also Palmeri, 19
These theorists differ, however, as to whe
the two bases of performance, rule-based
sponding or instance memory, are attempte
parallel (Logan, 1988), with the faster pro
dure coming to dominate performance, or
selected and executed on a one-at-a-time
(Rickard, 1997). Both Logan (1988) and Ri
ard (1997) have given detailed quantitative
counts of a transition from algorithmic (
rule-based) performance to instance-based
formance, which apparently always occurs
these tasks if enough practice and experien
given with the instances or problems to
learned.

Strategy transitions have been reported o
sionally in other research areas. For exampl
studies of category learning, Homa, Sterli
and Trepel (1981) argued that participants a
an instance memory strategy (essentially
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224 BOURNE ET AL.
learning) when the number of instances
category is small (less than five) but rely on
formation of a prototype (in this case essenti
a rule) to assign instances to that category w
the number is large. Further, in the Homa e
study, participants appear to begin the learn
task with an instance approach, making a t
sition to a prototype-based approach when
if the number of instances becomes large
Smith, Murray, & Minda, 1997, for more rece
evidence on the transition to prototype-ba
responding). (Note, however, that Buseme
Dewey, & Medin, 1984, and Shin & Nosofsk
1992, demonstrated that prototype abstrac
mechanisms may not be needed to explain t
results.) This putative transition from instan
based to rule-based performance also resem
the transition from specific bigram and trigr
knowledge to grammaticality as a basis for
egorizing instances of an artificial gramm
(e.g., Meulemans & Van der Linden, 1997).
still other domains, Harvey and Anders
(1996; see also Lundy, Wenger, Schmidt
Carlson, 1994; Singley & Anderson, 1989) h
argued for the presence of a composition
cess, which produces a transition between
clarative and procedural bases of response,
alleling the transition from instance memory
rule use.

In verbal memory tasks, Tulving (1985) a
others (e.g., Gardiner, Gawlik, & Richardso
Klavehn, 1994) used an introspective repor
technique to show that correct recognition
previously-seen words sometimes depend
explicit remembering of those words but
other times is attributed to a mere feeling
knowing. Tulving (1985) argued that reme
bering and knowing are functionally indepe
dent routes to the correct response in a re
task, the former being more akin to insta
(episodic) knowledge and the latter to (sem
tic) knowledge of rules or concepts. These s
ies not only identified different bases of
sponse in the same task, but also implied
possibility of transitions over time or over pra
tice from one basis to another. Indeed, rece
Conway, Gardiner, Perfect, Anderson, and
hen (1997) demonstrated a transition in the
ported basis of course content knowledge ov
r
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retention interval, from remembering at sh
intervals to knowing at longer intervals, us
an adaptation of the Tulving remember/kn
introspective technique. Note that in all of th
cases, the transitions observed, instance to
are essentially the reverse of the one reporte
Logan (1988) and Rickard (1997), which
volves a change from rule-based to instan
based responding.

Thus, apparently learners can and do cha
the basis of performance in a learning or m
ory task as experience with or practice on
task proceeds. The research just reviewed
umented unidirectional transitions either fr
rule to instance or instance to rule. It is
inconceivable (see Anderson, Fincham,
Douglass, 1997) that multiple transitions mi
take place over learning trials or over reten
intervals in some cases. That is, as in the
used by Homa et al. (1981), participants m
begin with a rote learning strategy that gi
way in time to a rule covering the correct
sponse for all instances. But later still, as
participant becomes thoroughly familiar w
the complete and delimited stimulus doma
rule-based performance might give way to
rect instance retrieval, as in the tasks used
Logan (1988) and Rickard (1997). To da
there is no direct evidence for multiple, bidire
tional strategy transitions within a single ta
Indirect evidence of such multiple strategy tr
sitions can be found in a recent study by And
son et al. (1997), who proposed a multist
model of cognitive skill acquisition which pr
vides a theoretical rationale for expecting th
transitions based on the relative speed and
curacy with which the different strategies can
employed in a given task. The models of Log
(1988) and Rickard (1997) might also be
tended to accommodate multiple strategy t
sitions in circumstances in which the learn
rather than being given the rule (algorithm)
responding, is required first to discover it. N
ther Logan nor Rickard has as yet reported s
an extension, however. In any event, this is
is worth pursuing, because a demonstratio
multiple transitions is the kind of tour de for
that makes it clear that learning is not simpl
matter of just one fundamental kind of und
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225THE STRATEGIC BASIS OF PERFORMANCE
lying process, as suggested, for example
Logan and Stadler (1991) and by Kram
Strayer, and Buckley (1990).

Strategy shifting raises another import
theoretical issue. Newell and Rosenblo
(1981) proposed a Power Law of Practice
account for the process of acquiring skill in a
task. The Power Law formalizes the relati
ship between trials of practice and time to m
a correct response as a power function wh
general form is:

T 5 AN2b, [1]

whereT is response time on any trialN, A is
response time on Trial 1, andb is a rate o
change parameter. Thus, the relationship
tween response time and trial number is lin
in log-log coordinates,

log T 5 log A 2 b log N, [2]

which provides a convenient though inform
test by inspection of the theoretical fit. Pow
Law theory implies a general, systematic p
cess underlying improvement in performan
Strategy changes, if they exist, would challe
that assumption and might produce signific
variations in performance from a single mo
lithic power function. Indeed, Rickard’s (199
evidence for an algorithm to instance retrie
strategy transition in pseudoarithmetic is in p
dependent on significant deviations in per
mance from an overall power function fit to
data, coupled with close power function fits
the data from each strategy separately. A sim
finding has been reported more recently
Delaney, Reder, Staszewski, and Ritter (19
in double-digit multiplication. It is noteworth
that in both of these cases, the power func
fits for the two separate strategies differed o
in intercept (i.e., in mean response time), no
slope, and the observed transitions were f
the slower to the faster strategy. The ove
mean response time differences between st
gies in these experiments were large, wh
should be expected as performers trans
from answer calculation for a problem like 233
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17 to the direct retrieval of its product, 39
after many closely spaced repeated prese
tions. These findings by Rickard and
Delaney et al. not only challenge the appli
bility of an overall Power Law to skill acquis
tion data, but also serve to validate the existe
of separable strategies and the use of stra
probing as a means of identifying them. Th
leave open the possibility, however, that, un
some circumstances, power functions for dis
guishable strategies might converge, as
learner develops disproportionately greater
with one of the strategies. The results of
present experiments speak to this possibilit

Our initial goal in this research was to cre
a classification learning task in which strate
transitions are feasible and to develop a me
for tracking them. In this study, we consider
use of a rule, of prior instances, or of p
guessing to be different strategies for suc
task, adopting essentially the same logic
Tulving (1985) and Conway et al. (1997)
defining recall performance strategies
Delaney et al. (1998), Rickard (1997), and R
der and Pennington (in press) for defining a
rithmic and instance-based strategies in ca
lational tasks. By “strategy” we mean whate
procedure a participant identifies, retrosp
tively, as the source of a classification respo
again following the logic of Tulving (1985
Rickard (1997), Delaney et al. (1998), and o
ers. “Strategy” might not be quite the right te
because it implies deliberate planful beha
over a series of trials or problem-solving
tempts, whereas we measure performance
trial-by-trial basis. But is it not inconsistent w
the way the term has been used recently
others (e.g., Rickard, 1997; Delaney et
1998). In addition to these introspective repo
we use the separability of strategy spec
power functions for response times as a
tional evidence for the selection and use
participants of different bases of response
different trials.

We needed a small and well-defined pop
tion of stimuli and a set of associated clas
cation responses which might either be me
rized or be organized by a rule. We chose to
initially 12 strings of three letters each as
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226 BOURNE ET AL.
stimuli, 6 of which were successive letters
the alphabet when put in proper order (e
HGF) and 6 of which were not successive (e
FGJ). These stimuli were presented one
time, in random order, and the participant,
knowing the rule at the outset, was asked to
a “classification” response,valid (for alphabetic
timuli) or invalid (for nonalphabetic stimuli
o each. Feedback was provided after each s
lus and response. The participant was told

here were several ways of responding
ectly, viz., by guessing, by remembering
lassification of a particular stimulus instan
rom a previous trial, by knowing the class
ation by means of a rule, or by some ot
eans. After each stimulus, response, and f
ack combination, participants were asked

ndicate the strategy used for or the basis
heir response—guess, instance, rule, or o

e expected performance, measured by pro
ion of correct responses over blocks of tr
nd by response time, to improve monoto
ally. The idea was to relate any system
haracteristics of strategy reports to these m
ures of performance.
The initial experiment was intended to p

ide evidence on the reliability and validity
he strategy report procedure. As a check
eliability, we wanted to determine whether
r most participants produced the same pa
f overall performance and strategy use ove
xtended series of trials. As a check on valid
e examined the relationship between stra
se and overall performance to assess ce
xpectations about strategy transitions. In

icular, we expected that participants mi
uess at the outset, but that guessing sh
anish over early blocks of trials as participa
emorized certain stimulus–response comb

ions or found an organizing rule. Note that t
ask lends itself to guessing, to remembe
nstances, or to generating answers by rule
o little else. Therefore, we expected the “oth
trategy option to be chosen minimally throu
ut practice. On the basis of prior work, o
ight expect participants to adopt a rote lea

ng approach initially, but to make a transiti
o rule use, if and when a rule was identifi
ut such a transition might never occur
,
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ome participants. Indeed, the operable
ight never be identified by some participa
r, if it is identified and used, participants mig

evert to instance use as the limited numbe
nstances are repeated many times over a
eries of trials. We expect that the strat
articipants eventually adopt should be the

hat allows for most rapid correct respondi
xperiment 1 was designed in part simply
etermine what actually happens in this se
ircumstances.
In fact, the results of Experiment 1 demo

trated the adequacy of this procedure to
uce different response strategies, to allow
trategy transitions, and to reveal interes
elationships between strategy usage and s
nd accuracy of classification responses.
utcome of Experiment 1 raised further qu

ions. First, many but not all participants d
overed and used the alphabetic rule (i.e., v
trings consisted of successive letters of
lphabet when put in proper order). But,

hough it was simple on the surface, the r
ither eluded some participants or was m
ifficult to use than instance memory. Ove
esponse times were faster on instance-b
rials as contrasted with rule-based trials. If
reate a task based on an even simpler rule
ight enhance rule usage. The examination

impler rule is especially interesting in light
n argument by Anderson et al. (1997) t

nstance retrieval “is even more direct and fa
han production rule use” (p. 945). To the c
rary, rule use might be more direct and fa
han instance retrieval in the case of some
imple rules.
Second, the task of Experiment 1 use

elatively artificial rule and stimuli, as was t
ase in the study by Anderson et al. (199
ule usage might be more common in fami
r naturalistic tasks. It seemed appropr

herefore to compare the letter string task to
n which a commonly used linguistic rule pr
ided the basis of performance. For Experim
, we chose the normative rule for pronounc

he definite articlethe, either as “thuh” o
thee.” This rule, according to virtually all E
lish dictionaries and grammar books, is: U

he pronunciation “thuh” with the schwa ph
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227THE STRATEGIC BASIS OF PERFORMANCE
neme ⁄ɘ ⁄ before words (adjectives or noun
that begin with a consonant sound, and “th
with the phoneme ⁄ i ⁄ before words that be
with a vowel sound. This rule is especia
interesting because, although used consist
by most native speakers of English, it appe
never to have been explicitly taught or lear
by most individuals, who prior to any explic
training or feedback treat it more in terms
instances (or instance fragments) than as a
gle, abstract rule (Healy & Sherrod, 1994). T
outcome of Experiment 2 suggested the fur
examination of a somewhat more difficult l
guistic rule, the rule for distinguishing cou
from mass nouns in the English langua
which we used in Experiment 3.

Overall, the goal of these experiments wa
study the relationship between strategy us
and measures of performance in both sim
and difficult and artificial and naturalistic (i.
unfamiliar and familiar) classification learni
tasks, to identify some of the empirical char
teristics of strategies and strategy transition
explore the generality of these empirical fi
ings, and to examine the results in the ligh
contemporary theoretical models for strat
choice and strategy–response relationships

EXPERIMENT 1

The aim of Experiment 1 was to check on
feasibility of a straightforward, although som
what artificial classification learning task a
method to demonstrate strategy-based pe
mance, strategy transitions, and strategy-pe
mance relationships. As noted earlier, this
allows for a variety of strategy possibilitie
which include guessing, trying to remem
particular instances, and formulating a conc
or rule for knowing the answer. Do participa
adopt a single strategy, instance, or
throughout practice? Do they start with o
strategy, but later shift to another? Do th
show multiple transitions between strateg
With practice, we expected most if not all p
ticipants to gravitate toward either rule usag
instance memory, although, because the
strategies do not seem to differ in difficulty
widely as they do in mental multiplicatio
(Delaney et al., 1998), which would domin
”

ly
s

n-

r
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o
e
e
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r-
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?

r
o

was unclear. On the basis of prior work, o
might expect participants to adopt a rote lea
ing or instance memory approach initia
(Homa et al., 1981), make a transition to r
use, if and when a rule was identified, and t
possibly return to instance memory with
tended practice because the number of insta
to remember is small (Logan, 1988; Ricka
1997). Experiment 1 was designed to determ
what participants actually learn and do in th
circumstances.

We did not ask the participants to verba
any strategy they used, rule-based or otherw
but rather required them to select one of f
strategy options after each classification
sponse, which is similar to the memory-prob
procedure of Conway et al. (1997) and the s
egy-probing procedure of Delaney et al. (199
In addition, on occasion, we required part
pants to respond to novel stimuli inserted i
the trial sequence, both as a check on the s
egy-probing procedure and as a measure o
generalizability of any rule that the participa
might have acquired. Note that instance-ba
generalization was possible but was minimi
by using novel stimuli that were highly dissi
ilar to the training stimuli.

Method

Overview and design.Each participant wa
trained on a single set of 12 strings of th
letters (e.g., HGF) presented one at a time
peatedly over 30 blocks of practice. A block
defined as one presentation of each of the
stimuli in a random order. Participants w
asked to indicate whether each letter-strin
“valid” or “invalid” and each response was fo
lowed immediately by (correct/incorrect) fee
back. Validity was determined by a rule u
known to the participant at the onset of
experiment. By the rule, a letter-string is va
only if it can be rearranged to correspond t
sequence of adjacent letters in the alph
(e.g., HGF is valid because it can be rearran
as FGH). By this definition, six of the lette
strings were valid and six of the letter-strin
were invalid. Also, every third block of practi
(i.e., every 36 trials) was followed by a nov
string of three letters. For the 10 novel stim
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228 BOURNE ET AL.
that were used, five were valid and five w
invalid. Responses to these novel stimuli w
also followed immediately by feedback. Par
ipant strategies were probed after the feedb
was presented on every trial to determ
whether they (a) guessed, (b) used a rule
remembered the answer to the particular
stance from a previous trial, or (d) did som
thing else (other, unspecified). The depen
measures were the response times, the pro
tion of correct responses, and the strategie
ported for training and novel stimuli.

Participants.Twenty volunteer undergrad
ate college students participated for credit in
introductory psychology course.

Materials and apparatus.Four Zenith per
sonal computers and four Zenith monitors w
used in conjunction with the Micro Experime
tal Laboratory (MEL) program v1.00 (Schn
der, 1988) for presenting stimuli and tabulat
data. Stimulus items were chosen pseudo
domly with the following constraints. All of th
letters used were alphabetically greater tha
and less than X. Each letter was used o
across the set of valid items and once acros
set of invalid items (so that participants wo
not be able to use the presence of individ
letters as the basis of string classification).
the invalid items, there were no more than
missing letters between each pair of letter
the string when the three letters are arrange
order. Participants used specially marked k
to indicate whether a stimulus was valid
invalid and to select one of the four strate
options on each trial.

Procedure.Participants were tested indiv
ually or in pairs (with each participant in a p
using a different computer) in quiet rooms, f
from outside distractions. The instructio
which outlined the procedure in detail, we
read aloud to the participants:

Today’s experiment explores basic learning pro
cesses. You will be presented with strings of thre
letters presented one at a time on a computer. Durin
the experiment, you will see each of twelve lette
strings several times. You can think of these lette
strings as examples of a secret spy code. Half of th
strings are meaningful examples of the secret cod
(that is, they convey some information such as “all is
well”). Half of the strings are nonmeaningful exam-
e

k

)
-

t
r-

e-

n

n-

E
e
e

l
r

in
s

ples (that is, they are not part of the secret code an
they convey no information). It is your job to learn
which letter strings are meaningful (orvalid) and
which strings are not meaningful (orinvalid). Note
that your job is not to try and guess what each strin
means. Rather, you are simply to learn which string
are valid and which are invalid. There may be a
relatively simple rule which will discriminate be-
tween valid and invalid strings and which will help
you in this task. Or, you may be able to learn the
correct response by simply memorizing which string
are valid and which are invalid. Whether you discove
a rule or not, the overall goal is to perform as quickly
and accurately as possible on each string. After ma
ing your response to each letter string, you will be
asked to indicate which of the following strategies
you used to respond. Your strategy options will be
“Guess,” “Rule,” “Remember,” or “Other.” You
should select the “Guess” option if you made you
response having no idea whether the string was val
or not. Select the “Rule” option if there was some
aspect of the letter string, taken as a whole, which le
you to believe that the string was or was not valid
You should select “Remember” if you simply remem-
bered that the string was or was not valid based on a
earlier experience with it. Select “Other” if none of
the first three strategies applies. Note that whethe
you get the answer right or wrong should not influ-
ence the strategy that you choose for that trial. Her
we are interested in the strategy that you used, r
gardless of whether it produced the correct answe
Most of the letter strings will appear in every block of
the experiment. Occasionally, though, a new strin
may appear that you haven’t seen before.

Results and Discussion

The proportion of correct responses per bl
of training trials increased significant
F(29,551) 5 17.12, MSe 5 .15, p , .01,
from about chance in Block 1 to around 95%
the end of practice, as shown in Fig. 1. Chan
in strategy use underlying this improvemen
accuracy, in contrast, were quite complex.
analysis of strategy selection that includes
four strategy options creates a potential prob
of nonindependence because participants
select one and only one strategy on each
Thus, increases in the use of one strategy
essarily force a reduction in the use of one
more of the other strategies. To mitigate
problem, our analysis of variance includes o
the two most interesting strategies, rule
instance. This analysis reveals a signific
overall difference in proportion of use betwe
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229THE STRATEGIC BASIS OF PERFORMANCE
instance (.67) and rule (.18),F(1,19)5 39.64
MSe 5 1.87, p , .01. It is worth noting tha
he proportion of use was lower for the guess
.14) and other (.02) strategies. Figure 2 sh

FIG. 1. Proportion of correct respo

FIG. 2. Proportion of trials within each block o
Experiment 1.
s

these proportions, collapsed across all par
pants and training problems and plotted a
function of block of practice. Although all pa
ticipants guessed initially, many participa

s per block of training in Experiment 1.

aining on which participants reported each strategy i
nse
f tr
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230 BOURNE ET AL.
discovered and used the alphabetical rule w
the first three blocks (36 trials). However,
about Block 6, rule use began to give way to
instance strategy so that by the end of 30 blo
of practice, participants relied on their mem
for instances almost exclusively. The St
egy 3 Blocks interaction was significan
F(29,551) 5 13.22, MSe 5 .07, p , .01.
Clearly, the overall accuracy curve fails to
veal all the important changes in behavior
take place with practice.

The proportion of correct responses for
rule strategy (.971) was slightly higher than
the instance strategy (.958); an analysis of v
ance averaged across participants with block
the random effect showed this difference no
be significant. Although the difference was
stable, it was largest in the early blocks after
participants had begun to report rule use w
some frequency (Blocks 7–14).

Consistent with accuracy changes ac
blocks, response times decreased with block
practice. But this overall representation of

FIG. 3. Response times for correct responses
reported, rule, or instance in Experiment 1.
n

s

-

t

i-
s

e

s
of

data obscures another strong relationship
tween performance and strategy use. The
for each participant were divided into tho
trials on which the rule was reported and th
on which instance memory was reported, us
correct responses only. There is a speed-up
cess over both types of trials, which is con
tent with a strategy-specific power law acco
of skill acquisition (e.g., Rickard, 1997). Ave
aged over all participants contributing to a giv
block, speed-up is approximately linear for e
strategy on a log-log plot, as shown in Fig
(Note that in these plots, the log values on e
axis have been transformed back to nor
scale. Also note that not all participants cont
uted to all points because not all participa
used both strategies on all blocks.) Best fit
linear equations are

log T 5 3.4432 .325 logN,

r 2 5 .870 ~for instance-based performan!

[3]

ls during training as a function of block and the strate
tria
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log T 5 3.5342 .315 logN,

r 2 5 .856 ~for rule-based performance!,

[4]

whereT is average response time for a block
trials and N is the trial block number. Th
slopes of these functions are nearly the sa
differing in the second decimal place. But, th
is a substantial difference in intercepts, refl
ing the fact that over all trials, responses w
slower when the rule-based as opposed to
instance-based strategy was used,F(1,29) 5
106.30,MSe 5 .002, p , .01, aswould be
expected if rule use is a less direct cogni
route to the correct answer than retrieval of
instance representation (Anderson et al., 19
(ThisF statistic used blocks, not subjects, as
andom effect because, as mentioned earlier
ll participants contributed to the response t

unctions for each block. Hence, to determ
hether there was a difference between the
trategies, we used the Block X Strategy in
ction as the error term.) The difference in m
esponse time between rule and instance s
gy trials is, however, not nearly as large as
ifferences reported by other investigat
Delaney et al., 1998; Rickard, 1997) us
uantitative calculational tasks.
Novel stimuli provide a check on the valid

f strategy probing and an opportunity to exa
ne the generalizability of the participants’ a
uired knowledge at any point in the train
equence. Table 1 shows the proportion of t
n which participants reported a guess, a r
ased response, or an instance-based res
n the training stimuli and on the novel stimu

TABLE 1

Proportion of Strategy Reports as a Function
of Stimulus Type (Experiment 1)

Stimulus type

Strategy

Guess Rule Instanc

Training .14 .18 .67
Novel .45 .37 .18
f

e,

-
e
e

).
e
ot
e

o
-
n
t-
e

-

s
-

nse

Other strategies were selected on less than
f all trials.) In an analysis restricted to t
uess, rule, and instance strategies, the int

ion of strategy by stimulus type (novel a
raining) is significant,F(2,38) 5 28.71,MSe

5 .07, p , .01. During training, guesses we
relatively infrequent except during the fi
block or two, but guesses were reported m
often than instance or rule strategies on n
stimuli. Likewise, rule use was higher and
stance use was lower on novel stimuli relativ
training stimuli, all of which would be expect
if, in fact, participants generally recognized t
novel stimuli had not been seen previously.
overall proportion of correct responses on
novel stimuli, all of which were unique and se
only once, was .64; this proportion did n
change systematically or significantly over
als,F(9,171), 1. The total number of choic
of each strategy on novel stimuli, the proport
of correct responses, and the mean resp
time on correct responses for each strategy
shown in Table 2. In an analysis using no
instances (i.e., items) as the random effect
found that rule-based performance produ
significantly more correct responses than
instance-based performance and gue
F(2,18) 5 11.06, MSe 5 .04, p , .01,
which is consistent with the conclusion t
many participants acquired the correct rule.
similar analysis, there was no significant diff
ence among the three most frequently u
strategies in response times on correct
sponses,F(2,18) 5 2.02, MSe 5 .01, al-
though, consistent with the training trials,

TABLE 2

Responses to Novel Stimuli (Experiment 1)

Strategy

Guess Rule Instance Oth

Total cases 89 73 36 2
Proportion

correct .46 .88 .61 0
Correct response

time (in ms) 1919 2360 1879 na
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trend is for rule-based responses to be slo
than instance-based responses.

EXPERIMENT 2

Experiment 1 demonstrated that, in an ar
cial classification learning task where corr
responses can be based on a simple determ
tic rule that is not initially known by or de
scribed for the learner, overall performance
proves while participants simultaneously rep
systematic changes in the basis of their
sponses. Are there analogous strategy tra
tions in a more naturalistic task where the rul
simple and familiar and in some sense kno
implicitly or explicitly, to the learner at th
outset? One purpose of Experiment 2 is to
dress this question. There is another, more
portant reason to look for strategy transition
a task different from the one used in Experim
1. We found in Experiment 1, as had Rick
(1997) and Delaney et al. (1998), that respo
times were significantly faster for the instan
strategy than for the rule strategy. It is poss
in this and in the experiments of Ricka
(1997), Delaney et al. (1998), and others
participants simply reported “instance” whe
ever their response times were more rapid. I
the strategy data would not reflect different c
nitive processes, or bases of response, bu
stead they would only reflect perceived
sponse times. If we use a task in which the
generates a more rapid response than ins
retrieval, then the foregoing possibility could
eliminated. This is another reason why
chose a simple, familiar naturalistic rule as
task in Experiment 2.

We adapted the task used in Experiment
study changes by participants over trials in
pronunciation of the definite articlethe used in
conjunction with a small subset of Engl
words. As noted earlier, the rule is to use
pronunciation “thuh” before words (adjectiv
or nouns) that begin with a consonant sound
“thee” before words that begin with a vow
sound. This rule was not specifically mention
in instructions to the participant nor is it co
monly taught in school except in courses
English as a second language (although
analogous distinction for the indefinite articl
r

-
t
is-

-
t
-
i-

,

-
-

t

e

t

,
-
n-

e
ce

o

d

e
,

“a” and “an” is taught as a rule in school and
used by adults with very few errors). Accord
to Keating, Byrd, Flemming, and Toda
(1994), however, individuals who speak a s
dard American English dialect generally,
though not perfectly, conform to thethee/thuh
pronunciation rule. Healy and Sherrod (19
found that, when asked directly to choose
tween the two alternative pronunciations,
college students tested were individually so
what inconsistent in their selections and c
formed to the rule on average only about 75%
the time. This finding implies that this natu
rule, though simple, is not known explicitly
most speakers and that individuals may eve
resistant to learning and using it under ordin
conditions. Healy and Sherrod found, howe
that rule usage can be increased to nearly 1
by response feedback over training trials.
wondered whether rule usage, encourage
feedback, might eventually give way, as in E
periment 1, to instance-based performa
when the number of instances involved in tra
ing (practice) is small.

Although the formal rule for thethee/thuh
pronunciation distinction is based on the cla
fication of the initial sound of the word as
vowel or a consonant, Healy and Sher
(1994) have provided evidence that the
actually used by college students may be
abstract and more variable. For example, t
was evidence in the Healy and Sherrod data
individuals based their pronunciation on
specific initial letters or syllables (e.g., indiv
uals might say “thee” before the letteri or the
syllable in-) rather than the abstract catego
of vowel and consonant sounds. Participan
the present experiment might also use r
other than the formal classification-based r
Although we did not specify to participants t
level of rule that might be used, to distingu
rule (knowing the answer) use from insta
(remembering the answer) use, we gave exp
instructions to respond with the instance st
egy only when they remembered a previ
occurrence of the same word in the trial
quence.
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Method

Overview and design.Each participant wa
rained on a single set of 12 stimuli consisting
igh-frequency words (nouns and adjectiv
ne at a time repeatedly over 30 blocks
ractice with feedback on each trial. A block
efined as one presentation of the 12 stimu
random order. Participants were asked to

icate whether “thuh” or “thee” is the corre
ronunciation forthe if it were to precede th

stimulus word presented on the screen. Si
the stimulus words began with a conson
taking the pronunciation “thuh,” and six of t
stimulus words began with a vowel, taking
pronunciation “thee.” Also, every third block
practice (i.e., every 36 trials) was followed b
novel word. For the 10 novel stimuli that we
used, five of the words began with a conson
and five began with a vowel. Responses to th
stimuli were also accompanied by correct/inc
rect feedback. As in Experiment 1, particip
strategies were probed after every trial. T
dependent measures were the same as in E
iment 1.

Participants. Twenty undergraduate colle
students participated for credit in an introd
tory psychology course. All of the participan
tested were native English speakers.

Materials and apparatus.The apparatus us
in Experiment 2 was the same as in Experim
1. The stimulus list of words used was tak
from Experiment 2 of the study by Healy a
Sherrod (1994). All of the words used we
high-frequency words (i.e., they had a f
quency equal to or greater than 145 per app
imately 1 million words of text; Kucˇera & Fran
cis, 1967).

Procedure.Participants were tested indiv
ually or in pairs (with each participant in a p
using a different computer in a separate q
room). The instructions, which were parallel
not identical to those used in Experiment
were read aloud to the participants. Particip
were told that the wordthe is sometimes pro
nounced “thee” and sometimes “thuh.” Th
were told that they would be presented with
different words one at a time on a compu
screen. The same 12 words would be prese
f
)
f

-

f
t,

t
e

-
t

er-

t

-

t

,
s

r
d

repeatedly over 30 blocks of practice, wh
each block is one exposure to each of the
words. Using the computer keyboard, they w
told to select either the key specially mark
“thuh” or the key specially marked “thee” d
pending on which of these pronunciations t
would use preceding the word presented on
screen. They were told that a grammatical
determines the appropriate pronunciation ofthe
for each word and use of this rule might pro
helpful. However, the main goal was to learn
respond quickly and accurately to each wo
After each response, the participant was tol
expect two messages on the screen, the
informing them whether their choice of pronu
ciation for the preceding word was correct
incorrect and the second asking them to indi
with a key press which of four strategies th
used to make their choice: “guess” if they s
ply guessed the correct pronunciation, “rule
they used a grammatical rule to make
choice, “memory” if they knew the answer
that specific item based on memory of its p
vious occurrence, and “other” if they felt th
their strategy for the preceding word did
match any of the other three categories. T
were told that, occasionally, a novel item wo
appear and that they were to respond to
whichever way seemed correct. Novel tr
were arranged in the same way as training tr
After a strategy had been chosen on each
participants were told that the computer wo
display a new word and the entire cycle wo
be repeated.

Results and Discussion

The proportion of correct responses w
above chance at the outset of training and
tinued to increase systematically across blo
F(29,551)5 3.48, MSe 5 .08, p , .01, as
hown in Fig. 4. Participants were clearly a
nderstandably more familiar with the basis
orrect responding at the beginning of Exp
ent 2 than they were in Experiment 1. In

ross-experiment comparison, participants w
verall more accurate on the pronunciation
Experiment 2) than on the letter string ta
Experiment 1),F(1,38)5 5.93,MSe 5 4.21,

p , .02. There was, in addition, an interacti
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of task (string versus pronunciation) by blo
of trials, F(11,418)5 2.19,MSe 5 .10, p ,
.02,showing that the change in accuracy ac
training depends significantly on the dema
of the two different tasks. But, there are ceil
effects that also could produce this interac
given that performance approaches the s
limit in both tasks as training progresses.

Figure 5 depicts the proportion of trials
which each strategy was reported, collap
across all participants and training items,
plotted as a function of trial block in Expe
ment 2. Both rule-based and instance-base
sponses were reported approximately 40%
the time initially; guessing and other strateg
in this case were minimal. The high initial p
centage of rule reports once again indicates
the pronunciation rule was known, in so
sense, to some if not all participants at
outset. The high initial percentage of insta
reports may reflect at least in part the possib
that participants, contrary to instructions, ba
their strategy selections on extraexperime
familiarity with the words or training instance
Over blocks of practice, the rule strategy be
to dominate, although instance-based resp

FIG. 4. Proportion of correct respo
s
s

e

d
d

e-
f

at

d
l

n
d-

ing continued to be reported frequently throu
out practice. By the end of practice, participa
reported rule use about 65% of the time
instance use about 33% of the time. The dif
ence in proportion of use between the rule (
and instance (.37) strategies over all trials
nonsignificant,F(1,19) 5 1.52, MSe 5 9.10.
The proportion of trials on which guessing (.0
and other (.01) strategies were reported
much lower than the two primary strategi
The interaction of strategy by blocks of trials
the proportion of use of rule and instance st
egies was reliable,F(29,551)5 1.52,MSe 5
.06, p , .05. When the rule and instan
strategy choice data of Experiments 1 and 2
combined, a strong three-way interaction
pears between task, strategy, and blocks o
als, F(29,1102)5 11.40, MSe 5 .06, p ,
.01, showing that the pattern of changes
strategy choice over trials is dependent on
requirements. The major difference in outco
between the two experiments is that, whe
the rule emerges over trials as the domin
basis of responding in the pronunciation ta
instance-based responding is clearly the do
nant strategy in the letter string task.

s per block of training in Experiment 2.
nse
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The proportion of correct responses for
rule strategy (.97) was higher than for the
stance strategy (.89). An analysis of varia
averaged across participants with blocks as
random effect showed this difference, wh
was especially marked between Blocks 5
28, to be statistically significant,F(1,29) 5
140.28,MSe 5 .001, p , .001.

Response time patterns provide evide
onsistent with the strategy probing data, sh
ng that, in the pronunciation task, performa
s reliably slower when instances were repo
han when the rule was reported,F(1,29) 5
01.61, p , .01. As presented in Fig. 6

response time speed-up was relatively we
by two power functions (although there app
to be some deviations which are difficult
explain on a simple strategy-specific argume

log T 5 2.9892 .178 logN,

r 2 5 .77 ~for rule-based performance! [5]

FIG. 5. Proportion of trials within each block o
Experiment 2.
e
e

d

e
-

d

t
r

:

log T 5 3.1672 .237 logN,

r 2 5 .81 ~for instance-based performanc!.

[6]

he overall difference in response times
ween rule and instance strategy trials reve
hat of Experiment 1, but supports our pred
ions based on the simplicity of the requi
ronunciation rule (i.e., the difference betwe
owel and consonant sounds). In this exp
ent, instance retrieval is likely to be the l
irect, more explicit cognitive route to the c
ect answer than rule use (cf. Anderson et
997). There is an interesting and potenti

mportant discrepancy between the outcom
his analysis and the similar analyses of Ex
ment 1 and by Rickard (1997) and Delaney
l. (1998). In these earlier cases, the strat
pecific power functions were always ess
ially parallel, and the major difference betwe
trategies was a difference in overall respo
ime. In contrast, the strategy-specific functi

aining on which participants reported each strategy i
f tr



in
nc

ope
gy-
r tr
th
on
pe
ce
th

dily
the
t 1
teg
on
o

on
sed
nin
e i
sin
uli

a as
n gy
b ig-
n

om-
ntly
s it
Ex-
s re-

-
uli

gy

e

236 BOURNE ET AL.
in the present experiment differ primarily
slope, with a steeper slope for the instance fu
tion than for the rule function. The steeper sl
of the instance function implies that strate
specific response times are converging ove
als, although the decreasing frequency of
instance-based strategy suggests that resp
times might never reach parity. The stee
slope of the power function for the instan
strategy may occur because the instances in
task are common words, which are rea
learned and retrieved from memory, unlike
letter-strings used in the task of Experimen
In any case, in both experiments, the stra
that emerges as the dominant basis of resp
over trials is the strategy that generates the m
rapid responses.

Table 3 shows the proportion of trials
which participants reported guess, rule-ba
and instance-based strategies during trai
and on the novel instances. The differenc
frequency of the rule, instance, and gues
strategies was significant for the novel stim

FIG. 6. Response time for correct responses t
reported, rule, or instance in Experiment 2.
-

i-
e
se
r

is

.
y
se
re

,
g
n
g
,

F(2,38) 5 8.57, MSe 5 .18, p , .01. An
nalysis that included training stimuli as well
ovel stimuli yielded an interaction of strate
y stimulus type that was only marginally s
ificant, F(2,38) 5 2.62, MSe 5 .03, p ,

.10. In this experiment, guesses were unc
mon and rule usage was the most freque
reported strategy on novel instances just a
was on training instances (not the case in
periment 1). Instance-based responding wa
ported on .27 of the trials involving novel stim
uli, which is less often than for training stim

s during training as a function of block and the strate

TABLE 3

Proportion of Strategy Reports as a Function
of Stimulus Type (Experiment 2)

Stimulus type

Strategy

Guess Rule Instanc

Training .03 .58 .37
Novel .08 .62 .27
rial
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237THE STRATEGIC BASIS OF PERFORMANCE
(.37). But the novel instance frequency is h
enough to reflect the possible involvement
ther of extraexperimental memories or of
occurrence of stimulus generalization (des
the lack of similarity between training and no
instances), as might be expected on the bas
the exemplar-based random walk model
Palmeri (1997). The relatively large proport
of rule reports for the novel stimuli supports
claim that the rule, used or discovered by m
participants during practice, generalized to n
items. The overall proportion of correct
sponses on the novel stimuli was .88 and did
change significantly over occurrenc
F(9,171)5 1.24, MSe 5 .09. When the dat

f Experiments 1 and 2 are combined, anal
f variance shows that participants were sig

cantly more accurate on novel stimuli in t
ronunciation task than in the string ta
(1,38) 5 13.16,MSe 5 .44, p , .01. The

otal number of reports of each strategy
ovel stimuli, the proportion of correct r
ponses, and the mean response times on c
esponses are shown in Table 4 for the pron
iation task alone. An analysis of variance
he novel stimulus data using items as the
om effect shows that the proportion of corr
esponses depends on strategy,F(2, 18) 5

8.26,MSe 5 .06,p , .01,with the rule-base
strategy producing a slightly higher proport
of correct responses than the instance-b
strategy, both of which were superior to gue
ing. These results suggest that participants
quired the correct rule and that there was b
rule-based and instance-based generalizati
novel stimuli. More correct rule-based

TABLE 4

Responses to Novel Stimuli (Experiment 2)

Strategy

Guess Rule Instances Oth

Total cases 16 124 54 6
Proportion

correct .50 .96 .88 .83
Correct response

time (in ms) 1633 766 733 104
-

e

of
f

t

t
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s
-

,

ect
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-
t

d
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c-
h
to

sponses than instance-based responses to
stimuli is consistent with Palmeri’s (199
model, according to which the instance-ba
responses reflect retrieval of similar, but po
bly incorrect training instances. Mean respo
times in (anti-log) milliseconds on rule- (76
and instance-based (733) trials were ne
identical for the novel stimuli in Experiment
and responses based on both strategies
considerably faster than responses on gue
trials (1633). There was an overall signific
difference among the three most frequently
ported strategies on correct response tim
F(2,18)5 13.06,MSe 5 .03,p , .01.When
he two experiments are compared, analys
ariance shows that participants were fa
verall on novel stimuli in the pronunciati

han in the string task,F(1,18) 5 13.93,MSe

5 .45, p , .01, suggesting that pronunciati
is an easier or simpler task than the alphab
string task.

EXPERIMENT 3

The results of the first two experiments d
fered in a number of ways, perhaps most
portantly in terms of which strategy beca
dominant with practice. In Experiment 1,
volving artificial strings of letters, an instanc
based strategy dominated at the end of prac
In Experiment 2, using real words and a fami
linguistic pronunciation rule, a rule-based st
egy dominated. In both cases, the trend in s
egy use over trials was quite regular, but it is
entirely clear why different dominant strateg
should emerge. The tasks used in these ex
ments differed in at least three potentially
portant ways that could have contributed to
observed trends. First, although cross-exp
ment comparisons are always dubious, it
pears from overall response times that the
for the string task was less obvious and m
difficult to use than the rule for the pronunc
tion task. Difficulty of rule is a likely candida
to affect strategy usage, and, tentatively,
assume that whichever strategy is easier to
ply in a given task will become dominant w
practice. But, second, although both tasks
volved, in a sense, language materials and
guage-related rules, they differed in how nat
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238 BOURNE ET AL.
or familiar the materials and rules were to p
ticipants at the outset. The rule for the let
strings creates a more artificial and unfam
classification learning task than the rule for
pronunciation task. Initial familiarity with th
task or with the stimuli comprising the ta
could also plausibly influence strategy u
Third, the instructions to the participants w
not completely parallel in Experiments 1 and
and the subtle differences in the description
the strategies might have affected participa
strategy reports.

Rule difficulty and task familiarity were m
nipulated systematically in Experiment 3 to
termine whether either or both of these varia
influences the strategy reported by participa
Specifically, we compared two letter-stri
rules, the one used in Experiment 1 and a s
pler one in which the alphabetic sequenc
more obvious. Further, we compared two
guistic rules, the relatively simple pronunciat
rule used in Experiment 2 and a more diffic
linguistic rule based on the count/mass n
distinction that entails a choice between “ma
and “much” as a quantifier (Serwatka & Hea
1998). Rules differed in difficulty within th
letter-string and the linguistic tasks, but ob
ously there is no difficulty metric that allows
to compare across tasks. Lack of a comm
metric creates some potential ambiguity for
tistical analysis, which we address in
Method section. In all four conditions, parti
pants were required to learn the proper resp
to a small subset of stimuli, either three-le
strings or familiar words. The instructions we
written to be parallel in the four conditions,
that it would be unlikely that any differences
performance among them could be attribute
differences in the way that the strategies w
described. As previously, we expected to
evidence of both instance- and rule-based
sponding early in practice. However, in
tasks, a rule-based strategy should eventu
dominate when the rule is relatively simp
whereas an instance-based strategy should
inate when the rule is complex, assuming
the strategy that eventually dominates is the
that can be executed most rapidly. Further,
cause both natural tasks involve familiar wor
-
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whereas the artificial task involves arbitrary
ter strings, learning the instances should be
ier in the natural tasks than in the artificial ta
Thus, parallel strategy-specific power functi
are expected for the artificial task, as fou
previously in Experiment 1 and by Log
(1988) and Rickard (1997), but converg
power functions are expected instead for b
natural tasks, as found in Experiment 2.

The count/mass distinction provides for
other potentially important window on strate
use. Serwatka and Healy (1998) have discu
the linguistic complexity of this distinctio
Whether “much” or “many” is appropriate
the quantifier depends largely on a countab
criterion: If a noun refers to something that c
be counted (e.g., “carrot”), the proper quanti
is “many,” otherwise (e.g., “spinach”) “muc
is appropriate. Countability is fairly obvio
when the items are concrete, as in the foreg
examples. However, when the reference it
are abstract, such as “idea” (“many”) or “a
vice” (“much”), the countability criterion i
hard, if not impossible, to apply (e.g., ide
should be no easier to count than advice). R
use is likely to be more difficult in the abstra
than in the concrete case. For this reason,
concrete and abstract singular nouns are
cluded in themany/muchlists of Experiment
to determine whether this variable has any
pact on the use of the rule versus the insta
strategy.

Method

Overview and design.There were four expe
imental conditions, generated from the 23 2
factorial combination of task difficulty (eas
hard) and task familiarity (artificial/natura
These four conditions are labeled (1) stri
easy, (2) string-hard, (3)thee/thuh(easy), an
(4) many/much (hard). The string-easy a
string-hard conditions were designed to re
cate and extend the findings of Experimen
whereas thethee/thuhand many/muchcondi-
tions were designed to replicate and follow
the findings of Experiment 2. A conservat
conception of the design of this experim
would describe it as having a single factor
task with four levels. To emphasize the t
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239THE STRATEGIC BASIS OF PERFORMANCE
distinct variables manipulated in this study,
have chosen to analyze the data instead us
2 3 2 factorial format, despite the fact that
manipulation of difficulty is admittedly no
equivalent for the artificial and the natural tas
Because the analysis we have chosen provid
finer breakdown of variance than other po
bilities, readers preferring a more conserva
analysis will have sufficient information pr
vided in the Results section to derive their o
conclusions about differences among the
conditions.

In the string-easy and string-hard conditio
each participant was trained on a single set o
strings of three letters (e.g., HGF) one at a t
repeatedly over 30 blocks of practice. Part
pants were asked to indicate whether each
ter-string is “code” or “noncode.” The “cod
classification was determined by the same
used in Experiment 1. Six of the letter-strin
were classified as code and six of the let
strings were classified as noncode. Also, e
second and third block of practice was follow
by a novel string of three letters. For the no
stimuli that were used, 10 were code strings
10 were noncode strings. The difference
tween the string conditions was that all of
strings were in alphabetical order for the stri
easy condition but none were in alphabet
order for the string-hard condition.

In the thee/thuhcondition, each participa
was trained on a single set of 12 stimuli c
sisting of high-frequency words (nouns and
jectives) presented one at a time repeatedly
30 blocks of practice. Participants were aske
indicate whether “thee” or “thuh” is the corre
pronunciation forthe if it were to precede th
stimulus word presented on the screen. Pro
ciation was determined by the same lingui
rule used in Experiment 2. Six of the stimu
words began with a consonant and six be
with a vowel. Also, every second and th
block of practice was followed by a novel wo
For the novel stimuli that were used, 10 be
with a consonant and 10 began with a vow

In themany/muchcondition, each participa
as trained on a single set of 12 singular no
resented one at a time repeatedly over
locks of practice. Participants were asked
a
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indicate whether “many” or “much” is the co
rect modifier if it were to precede the stimu
word presented on the screen. The correct m
ifier was determined by a grammatical rule.
this grammatical rule, a noun is preceded by
“many” modifier only if it is a count noun (e.g
brain, rock). If the noun is a mass noun (e
dust, furniture), then the preceding modifie
“much.” The nouns were all presented in sin
lar form because the count/mass distinction
determines whether a noun can be plurali
Six of the stimulus words were count nouns
six were mass nouns. Three stimuli of each t
were abstract and three were concrete. A
every second and third block of practice w
followed by a novel word. For the novel stimu
10 were count nouns and 10 were mass no
with 5 of each type abstract and 5 concrete

Participants received feedback on every
in each condition, even on trials involving no
stimuli. Also as in Experiments 1 and 2, par
ipant strategies were probed after every tria
each condition. The dependent measures
the same as in Experiments 1 and 2.

Participants.Forty-eight undergraduate c
lege students in an introductory psycholo
course volunteered to participate for cou
credit. All of these participants were native E
glish speakers. Participants were assigned
fixed rotation to the four conditions with 12
each condition.

Materials and apparatus.The materials an
apparatus used in Experiment 3 were the s
as in Experiments 1 and 2 with the followi
exceptions. A new set of letter strings was c
ated for the string-easy condition by rearrang
the same letter strings used in Experiment 1
alphabetical order. The stimuli used in
string-hard condition were taken directly fro
Experiment 1. Also, 10 more letter strings w
added to the novel set of the string-easy
string-hard conditions. The stimuli used in
thee/thuhcondition were the same as in Exp
iment 2 except that 4 of the words we
changed. Also, 10 more words were include
the novel set. These new words had the s
constraints as in Experiment 2. The stimuli u
were taken from Experiment 3 of the study
Healy and Sherrod (1994). All of the wor
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240 BOURNE ET AL.
used in thethee/thuhcondition were high fre
quency words (i.e., they had a frequency eq
to or greater than 84 per approximately 1 m
lion words of text; Kucˇera & Francis, 1967

astly, a new set of words was included for
any/muchcondition. These words were tak

rom the study reported by Serwatka and He
1998). All of the words used in themany/muc
ondition were singular nouns divided into fo
ategories of count concrete, count abst
ass concrete, and mass abstract. For the

ng stimuli, there were three count concre
hree count abstract, three mass concrete,
hree mass abstract words. For the novel stim
here were five count concrete, five count
tract, five mass concrete, and five mass abs
ords.
Procedure.Participants were tested indiv

ally or in pairs (with each participant in a p
sing a different computer) in a quiet room, f

rom outside distractions. The instructions
he string conditions and thethee/thuhcondi-
tion, similar to those in Experiments 1 and
respectively, but modified as necessary to
prove their coherence and to make the two
of instructions as similar as possible, were r
aloud to the participants. The instructions
the many/muchcondition, prepared to be
imilar as possible to those in the string
hee/thuhconditions, were as follows.

Today’s experiment explores basic learning pro
cesses. You will be presented with words one at
time on a computer screen. During the experimen
you will see each of 12 different words several times
These same 12 words will be presented repeated
over 30 blocks, where each block is one exposure
each of the 12 words. Some words use the modifie
“many,” and some words use the modifier “much.” In
this experiment, half of the words are examples of th
use of “many,” and half of the words are examples o
the use of “much.” It is your job to select either the
key marked “many” or the key marked “much” de-
pending on which of these modifiers you think is
correct preceding the word presented on the scree
You will use specially marked keys on the compute
keyboard to record your answer. Note that your job i
not to guess at each modifier. Rather, you are to lea
which words use the modifier “many” and which
words use the modifier “much.” There is a relatively
simple rule which will discriminate between the use
of “many” and the use of “much” and which, if you
discover it, can help you in this task. Or, you may be
l

y

t,
in-
,
nd
i,
-
ct

-
ts
d

able to learn the correct response by memorizin
which words follow the modifier “many” and which
words follow the modifier “much.” Whether you dis-
cover a rule or not, the overall goal is to perform as
quickly and accurately as possible on each trial. Afte
making your response to each word (that is, whethe
it was preceded by “many” or “much”), the displayed
word will disappear from the screen and the compute
will display two new messages on the screen, on
after the other. The first message will inform you
whether your choice of modifier for the preceding
word was correct or incorrect. The second messag
will ask you to indicate which of four strategies you
used to make your choice. Your strategy options wil
be “Guess,” “Rule,” “Memory,” or “Other.” You
should select the “Guess” option if you made you
response having no idea whether the preceding mo
ifier was “many” or “much.” Select the “Rule” option
if you used the rule to make your choice. You should
select “Memory” if you remembered that the preced
ing word used a modifier of “many” or “much” based
on an earlier experience with it. Select “Other” if
none of the first three strategies applies. Note tha
whether you get an answer right or wrong should no
influence the strategy that you choose for that tria
You can be right or wrong for a variety of reasons
Here we are interested in the strategy that you use
regardless of whether it produced the correct answe
Most of the words will appear in every block of the
experiment. Occasionally, though, a new word ma
appear that you haven’t seen before. Don’t forget tha
on each trial, it is important that you respond “many”
or “much” as quickly and accurately as you can. You
can take as much time as you need, however,
perform the strategy selection part of the task.

Results and Discussion

The proportion of correct responses increa
systematically over blocks of trials in all co
ditions of the experiment,F(29,1276) 5
24.58,MSe 5 .09, p , .01, asshown in Fig
7. There was an overall difference in accur
between the artificial letter-string tasks and
more natural linguistic tasks,F(1,44) 5 5.71,

Se 5 2.72,p , .02, with performance in th
natural tasks starting (in Block 1) and remain
more accurate than in the artificial task throu
out practice. Easy tasks were performed m
accurately than hard tasks, but the differe
was not statistically reliable,F(1,44) 5 3.04,
MSe 5 2.72,p , .09. Theinteraction of type

f task by difficulty level was nonsignificant,
ere all interactions with blocks of trials. In
eparate analysis of proportion of correct
ponses over blocks in themany/much(hard
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241THE STRATEGIC BASIS OF PERFORMANCE
natural) task alone, participants were more
curate on concrete (.946) than on abstract (.
words,F(1,11)5 6.24,MSe 5 .21, p , .03,
as had been found in previous work (Serwa
& Healy, 1998), suggesting that, whatever
basis for using a quantifier, it is easier to ap
when the target is concrete and presum
easier to count.

Over all trials, strategies differed in prop
tion of use, with the instance strategy m
frequent (.60) than the rule strategy (.3
F(1,44) 5 4.96, MSe 5 6.07, p , .05. The
proportion of use was even lower for guess
(.08) and other strategies (.02). Instance
rule strategy use interacted with blocks of tri
F(29,1276)5 11.77, MSe 5 .08, p , .01,
and with blocks and task familiarity (artificia
natural), F(29,1276) 5 5.21, MSe 5 .08,

, .01. There was a significant four-w
nteraction among rule and instance strate
locks, task familiarity, and task difficult
(29,1276)5 2.86, MSe 5 .08, p , .01,

shown (for all four strategies) in Fig. 8. T
pattern of strategy use over blocks was m
the same for three of the four task conditio

FIG. 7. Proportion of correct responses per blo
-
)

a

y

,

d
,

,

h
:

artificial-easy, artificial-hard, and natural-ha
In each of these conditions, use of the insta
strategy increased and was clearly the domi
strategy by the end of practice. Rule use
increased and then decreased, as instance
came dominant. Guesses were frequent a
outset of practice, especially in the artific
tasks, but quickly dropped to insignifican
Other strategies were rarely reported. The
ture was qualitatively and quantitatively diffe
ent in the natural easy task, which was base
the thee/thuhdistinction. As in Experiment 2
rule use increased from the beginning to the
of practice and was clearly the dominant st
egy after about 15 blocks of trials. Instance
increased and then decreased in frequenc
the rule became dominant. Guesses and o
strategies followed essentially the same pa
over trials as they did in the other three con
tions.

In a separate analysis of rule and insta
strategy use in the natural hard condition,
nificant effects attributable to the difference
tween abstract and concrete nouns were
served. Specifically, the main effect of concr

of training as a function of type of task in Experiment
ck
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abstract was reliable,F(1,11) 5 7.47,MSe 5
01, p , .02, andthis variable interacted wi
trategy,F(1,11) 5 5.01, MS 5 .09, p ,

FIG. 8. Proportion of trials within each block of
function of type of task in Experiment 3.
e

.05. Asshown in Fig. 9, the instance strate
which was overall the most frequently repor
strategy in this task, was especially common

ining on which participants reported each strategy as
tra
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243THE STRATEGIC BASIS OF PERFORMANCE
concrete nouns, whereas abstract nouns eli
the rule (and other strategies and guesses)
often than did concrete nouns. This outco
might result from the fact that concrete no
are easier to remember than abstract n
(Paivio, 1986) and thus are more readily av
able to support instance-based responding i
present task. At present, we have no mem
data to provide independent evidence for
hypothesis.

For all four conditions, the proportion of co
rect response was higher with the rule stra
(artificial-easy: .971; artificial-hard: .957; na
ral-easy: .994; natural-hard: .987) than with
instance strategy (artificial-easy: .958; artific
hard: .885; natural-easy: .969; natural-h
.969); this difference between the rule and
stance strategies was significant for the a
cial-hard condition,F(1,29) 5 15.95,MSe 5
.005,p , .001, for thenatural-easy conditio
F(1,29) 5 764, MSe 5 .001, p , .01, and
or the natural-hard condition,F(1,29) 5

FIG. 9. Proportion of training trials containing a
each strategy in the natural-hard task in Experim
d
re

e

s
-
e
y
s

y

:
-
-

13.50, MSe 5 .003, p , .001, in analyse
ith blocks as the random effect. In all fo
onditions, the advantage for the rule strat
as greatest in the early blocks of trials. Th

n all four conditions, the participants seem
ave induced at the outset of practice the
ropriate rule for the task.
The response-time analysis shows a clear

ignificant difference between the instance
he rule strategies in the artificial tasks, w
erformance being reliably slower when
ule strategy was used. Over blocks of train
nstances, mean antilog response times in
iseconds were 1313 for rule in the easy vers
091 for instance in the easy version, 1794
ule in the hard version, and 1315 for instanc
he hard version. This outcome is consis
ith Experiment 1 in which only the hard
rtificial string task was used. The mean dif
nce between strategies was larger in the ha

han in the easier artificial task, but is s
onsiderably smaller than the comparable

tract and concrete words on which participants report
3.
bs
ent



y e
if-
gi

ea
ge
er-
sy
/
er-
s o

in
fits
e

r
n
no

ria
we
ou

but
ve
in

ials
int
e

the

-u
se
st

tice
he

th
es

ask,
t the
ions
were
he
are
d-up
the
slope
tural
dily
the

nant
ks,
d in
the

ant
and
(al-

in-
out-

ster
om-
y is
t is
nse
n-

ns,
in-

,
M y

,

A

244 BOURNE ET AL.
ference found by Rickard (1997) and Delane
al. (1998) in tasks that involve calculation. D
ferences in response times between strate
were more complex in the natural tasks. M
antilog response times in milliseconds avera
over blocks were 711 for rule in the easy v
sion (thee/thuh), 735 for instance in the ea
version, 1151 for rule in the hard version (many
much), and 1102 for instance in the hard v
sion. Response-time speed-up over block
trials was fit by power functions, presented
Table 5 and Figure 10. The power function
were good (r 2 $ .84) in allcases except for th
ule strategy in the artificial-easy task (r 2 5

.62). Therelatively poor fit in this conditio
may be due in part to the fact that there are
many reports of rule use late in the training t
sequence. It should be noted that the po
functions reported here were based on gr
averages and that participants did not contri
equally to these averages because not e
participant chose both a rule-based and an
stance-based strategy on every block of tr
Nevertheless, when we removed data po
from the power function fits if 5 or fewer of th
12 participants in a condition contributed to
points, the fits were essentially unchanged.

In the artificial tasks, response-time speed
functions were nearly parallel and respon
made under the instance strategy were fa
both at the beginning and at the end of prac
Functions in the natural tasks converged w
the discrimination was based onthee/thuh,just
as they seemed to do in Experiment 2, with
instance strategy producing slower respons

TAB

Power Functions and Variance Ac
of Task Familiarity, T

Rule

rtificial task
Easy logT 5 3.412 2 .271 logN, r
Hard log T 5 3.526 2 .252 logN, r

Natural task
Easy logT 5 3.110 2 .239 logN, r
Hard log T 5 3.305 2 .225 logN, r
t

es
n
d

f

t
l
r
p
e
ry
-
.
s

p
s
er
.
n

e
at

the outset (and overall). In the natural-hard t
instance-based responses were slower a
outset, but rule and instance speed-up funct
intersected and rule based responses
slower by the end of practice (and overall). T
intersecting functions for both natural tasks
due to the fact that the response time spee
functions have a particularly steep slope for
instance strategy in those cases. This steep
may occur because the instances in both na
tasks are common words, which are rea
learned and retrieved from memory, unlike
letter strings used in the artificial tasks.

Response times were related to the domi
strategy at the end of practice. In artificial tas
the dominant strategy was instance base
both the easy and the hard versions. In
natural linguistic tasks, the rule was domin
by the end of practice in the easy version,
rule-based responses were faster overall
though the functions converge). Although
stance-based responding was slower at the
set of practice in the hard version, it was fa
at the end when the instance strategy was d
inant. In all tasks then, the dominant strateg
associated with the basis of responding tha
faster. The analysis of variance on log respo
times for correct trials with blocks as the ra
dom effect reveals that, over all conditio
rule-based responding was slower than
stance-based responding,F(1,29) 5 59.12

Se 5 .003, andthat both task familiarit
(artificial/natural),F(1,29) 5 96.22, MSe 5
.002, andtask difficulty, F(1,29) 5 12.66
MS 5 .002,interacted with strategy,ps, .01.

5

nted for in Experiment 3 as a Function
Difficulty, and Strategy

Strategy

Instance

.62 log T 5 3.314 2 .255 logN, r 2 5 .94

.89 log T 5 3.400 2 .261 logN, r 2 5 .93

.94 log T 5 3.197 2 .306 logN, r 2 5 .84

.85 log T 5 3.423 2 .353 logN, r 2 5 .96
LE

cou
ask

2 5
2 5

2 5
2 5
e
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245THE STRATEGIC BASIS OF PERFORMANCE
Even though there are differences in respo
time as a function of strategy at the end
training, both rule-based and instance-ba
strategies yield accuracy close to the cei
over the last 10 blocks of training trials in ea
of the four conditions (artificial easy, instan
basedM 5 .997, rule basedM 5 .994; arti-
cial-hard, instance basedM 5 .993, rule
asedM 5 .983; natural-easy, instance bas

5 .966,rule basedM 5 .961;natural-hard
instance basedM 5 .964, rule basedM 5
.989).

Table 6 shows the proportion of trials

FIG. 10. Response time for correct responses
reported, rule, or instance and type of task in Exp
e
f
d

which participants reported guessing, ru
based, and instance-based strategies d
training and on novel instances. The patter
results was nearly the same for both artific
easy and -hard tasks. During training, gue
were relatively infrequent (except during
first block or two). As found in Experiment
however, guesses were reported frequently
more often than instance strategies on n
stimuli. Instance-based responses were m
common on the training stimuli, but rule-bas
responses were most common on the n
stimuli, as would be expected if participa

ials during training as a function of block, the strate
ment 3.
tr
eri
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246 BOURNE ET AL.
recognized that novel stimuli had not been s
previously. Strategy choices differed betw
the natural-easy and -hard tasks. For the ea
thee/thuh task, guesses were uncommon
rule usage was the most frequently repo
strategy on novel as well as on training
stances. There was a strong mixture of b
rule-based and instance-based strategies
training items throughout practice, but rule
predominated on novel stimuli. These res
support the claim that the rule was used
discovered by most participants during prac
and that use of this rule generalized readily
new items. In the natural-hard task, the pat
of strategy reports on novel and training
stances was similar to that on the artificial ta
Instance-based performance was typical
training, whereas rule-based performance d
inated on novel stimuli. These effects are s
ported by an analysis of variance on strategy
(i.e., the proportion of trials on which partic
pants selected a given strategy). In this anal
the main effect of strategy (excluding the “o
er” category),F(2,88) 5 15.40, MSe 5 .20,

, .01, and theinteraction of stimulus typ
novel/training) and strategy,F(2,88) 5
5.25,MSe 5 .05, p , .01, were significant
nd the interaction of stimulus type, strate

ask familiarity (artificial/natural), and task d

TABLE 6

Proportion of Strategy Reports as a Function of Cond
and Stimulus Type (Experiment 3)

Strategy

Guess Rule Instanc

rtificial-Easy
Training .08 .29 .63
Novel .23 .58 .15

rtificial-Hard
Training .08 .32 .58
Novel .23 .57 .17
atural-Easy
Training .03 .55 .42
Novel .18 .63 .19
atural-Hard
Training .06 .29 .63
Novel .13 .60 .16
n

r,
d
d

h
or

s
r

n

.
f
-
-
e

s,

,

culty, F(2,88)5 2.53,MSe 5 .05, p , .09,
was close to statistical reliability.

The strategy report data might reflect eith
mixture of strategies within participants or
mixture of participants each adopting a sin
unique strategy at a particular practice level.
examined individual participant strategy se
tions over all training trials in the four cond
tions of Experiment 3. We classified each bl
of trials as rule based or instance based on
the participant used that strategy on more
half of the trials in that block. Then, we exa
ined the sequence of selections over block
trials for transitions in strategy choices, fro
either rule to instance or instance to rule.
found that 9 or 10 participants of 12 in ea
condition showed at least one clear transit
from rule based to instance based, for the
artificial tasks and for the natural-hard task
the natural-easy task (the task involving
thee/thuhpronunciation distinction), only 5 o
the 12 participants showed a clear transition
this case from instance to rule, with the rema
ing participants reporting rule-based respon
from the outset or after a series of guesses.
implication is that strategy transitions do inde
occur on a per participant basis and do

TABLE 7

Responses to Novel Stimuli (Experiment 3)

Strategy

Guess Rule Instances Oth

rtificial-Easy
Total cases 56 140 36 8
Proportion correct .412 .964 .861 0
Correct RT (in ms) 1153 1542 1377 na

rtificial-Hard
Total cases 54 137 41 8
Proportion correct .389 .912 .659 0
Correct RT (in ms) 1052 2897 1268 na
atural-Easy
Total cases 42 152 46 0
Proportion correct .619 .993 .783 0
Correct RT (in ms) 1807 780 1007 na
atural-Easy
Total cases 32 143 38 27
Proportion correct .656 .972 1.000 .92
Correct RT (in ms) 798 1690 1374 782
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reflect merely an unsystematic mixture of p
ticipants at different practice levels.

Table 7 shows the total number of reports
each strategy on novel stimuli, the proportion
correct responses, and the mean log resp
times on correct responses in the four condit
of this experiment. The overall proportions
correct responses on the novel stimuli w
.788, .721, .887, and .929 for artificial-easy
-hard and natural-easy and -hard, respectiv
The task difference (artificial/natural) was re
able,F(1,44) 5 10.11,MSe 5 .56, p , .01,

ith performance being more accurate on
atural tasks, but there was no effect of d
ulty or an interaction of task by difficult
here was a small but significant effect att
table to successive novel instanc
(19,836)5 1.86,MSe 5 .11, p , .02, and

to the interaction of task, difficulty, and succ
sive instances,F(19,836)5 1.77,MSe 5 .11,

, .03, butthere were no clear trends in the
ases.
In an analysis using only those novel trials
hich guess, rule, or instance was the repo
trategy and using items as the random ef
ean proportion of correct responses were
ificantly higher for the natural tasks than

he artificial tasks,F(1,19) 5 31.29, MSe 5
.02, p , .001. In addition, rule-based r
ponses were more accurate overall on n
timuli than were instance-based response
he responses based on guessing,F(2,38) 5
74.10, MSe 5 .02, p , .001 Within condi-
tions, only the natural hard task showed a
versal of this pattern, presumably because
ceiling effect in this case; the interaction
strategy and task familiarity was significa
F(2,38)5 7.44,MSe 5 .02, p , .01, as wa
he three-way interaction of strategy, task d
ulty, and task familiarity,F(2,38) 5 5.17,
Se 5 .03, p , .02.
In a parallel analysis using only those no

trials on which guess, rule, or instance was
reported strategy and using items as the ran
effect, mean correct response times were sig
icantly faster for the natural tasks than for
artificial tasks,F(1,19) 5 12.86,MSe 5 .04,
p , .01, andparticipants were faster for stim

li on which the instance strategy was used
-

f
f
se
s

y.

e
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d
t,
-
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or

-
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e
m
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n

on those for which the rule strategy was us
F(2,38) 5 5.70, MSe 5 .07, p , .01. Only
in the natural easy condition was the rule st
egy faster than the instance strategy; the in
action of strategy and task familiarity was s
nificant, F(2,38) 5 10.71, MSe 5 .05, p ,
.001, as was theinteraction of strategy and ta
difficulty, F(2,38) 5 23.07,MSe 5 .05, p ,
.001, and thethree-way interaction of strateg
task difficulty, and task familiarity,F(2,38) 5
4.95, MSe 5 .07, p , .02.

GENERAL DISCUSSION

Changes in overall measures of performa
such as accuracy and speed of response, d
practice in binary classification tasks mi
mask and certainly do not always reveal
complexity of changes in the underlying ba
of trial-by-trial responses. The strategies lea
ers developed in these experiments did not
ically move in parallel during training wit
overall performance measures. In the exp
ments reported here, overall measures cha
systematically toward an asymptote, while st
egy measures showed increases and decr
in the frequency of various strategies and t
sitions from one strategy to another at cer
points in practice.

Strategy transitions were not the same fo
binary classification tasks. In tasks with art
cial stimuli and an initially unknown classific
tion rule, participants often began by guess
the classification response for a given stimu
As the rule was acquired or identified o
successive instances, rule-based response
came more common and, in some cases, the
became the primary basis of response. Bec
there were relatively few unique training stim
to be categorized, because each was repea
large number of times, and because the requ
rule needed to be executed explicitly, a tra
tion in response basis eventually occurred f
rule to instance memory, and learners incr
ingly reported using recall of previous instan
as a basis of classification response.

Although we did not systematically vary t
number of instances per classification, the t
sition from rule- to instance-based respond
would almost certainly be sensitive to the nu
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248 BOURNE ET AL.
ber of unique training stimuli to be categoriz
With similarity controlled, the more stimuli
be remembered, the more demanding inst
memory would be relative to rule use, implyi
that rule-based responding might become d
inant in a large stimulus domain (but see, e
McKinley & Nosofsky, 1995). Even in th
present case where stimuli are few, particip
tended to revert to rule-based responding w
novel stimuli were presented. When train
trials on which participants reported rule-ba
responding were separated from those on w
they reported instance-based responding, a
difference in mean response time emerged,
instance-based responding being significa
faster than rule-based responding, especiall
the harder task. Similar effects have been
ported previously by Rickard (1997) a
Delaney et al. (1998) in calculational tas
Because the alphabetic rule, when used by
ticipants, had to be consciously or explic
applied to each stimulus, instance mem
should be a less cognitively demanding or tim
consuming strategy than rule-based respond
leading to faster response times.

The outcome was somewhat different in n
ural language tasks where participants had s
familiarity at the outset of training with th
stimuli and with the classification rule require
Accuracy changes over trials in themany/muc
quantifier task appeared essentially to be
same as accuracy changes in the two artifi
tasks. Moreover, strategy patterns were sim
with learners conforming to the quantifier r
and reporting rule use as a basis of respon
the early blocks of trials. But the rule eventua
gave way to instance-based performance, w
became dominant in the later blocks of tria
Changes in response times are consistent
this trend; instance-based responses
slower than rule-based responses in the e
blocks of trials but became faster when
stance-based responding dominated. The t
in response times was different, however, in
quantifier task than it was in the artificial tas
in which instance-based responding was fa
than rule-based responding over all trials.
think that this difference can be attributed,
part, to the difference in familiarity and me
.

e

-
.,

s
n

h
ar
h
y
r
-

.
r-

y
-
g,

-
e

e
l

r,

in

h
.
th
re
ly

d
e
,
r

orability of instances in the two types of tas
Well-known words already in semantic mem
were used as instances in the quantifier t
whereas meaningless letter strings were use
instances in the artificial task. Most likely,
stances were more readily stored and retrie
from memory in the natural task than in
artificial tasks. Moreover, participants mig
claim rule use early in practice based o
general feeling of knowing or familiarity wit
the quantifier task and the noun stimuli it e
ployed. Later, as the word stimuli were repea
and the limited number became clear to pa
ipants, remembering that specific instances
occurred earlier in the trial sequence provi
an easier access to correct responses than
application. It has been well documented
memory is better for concrete than for abst
nouns (Paivio, 1986). In the present study,
stance-based performance was more com
with concrete than with abstract nouns, whic
consistent with the observation that respond
in later trials was dependent on memory for
specific stimuli used in training.

The data obtained in thethee/thuhpronunci-
ation task were essentially the same across
periments 2 and 3 but, in important respe
different from data in both the artificial alph
betic tasks and themany/muchnatural task
Accuracy increased systematically, and th
were reliable strategy transitions across trials
in the other conditions. But, in thethee/thuh
case, classification responses were ultima
controlled by the rule rather than memory
instances. Contrary to the suggestion of An
son et al. (1997), rule-based responses d
nated through most of practice and were ge
ally faster than instance-based responses.
dominance of the pronunciation rule over
stance-based responding can probably be tr
to the fact that this rule, although not neces
ily verbalizable by all participants, is simpl
more straightforward, and easier to apply t
the many/muchquantifier rule and faster to i
voke than instance memory. (In fact, the rule
the thuh/theetask in our study required th
participants consider only the first letter of e
stimulus. The lack of instance-based respon
may reflect the attentional demands of this
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249THE STRATEGIC BASIS OF PERFORMANCE
because participants need not attend to the
tire word to respond correctly. Therefore,
entire word may not be processed and store
memory; see, e.g., Logan & Etherton, 199
The simple pronunciation rule is more likely
become proceduralized (Anderson et al., 19
with practice than either the alphabetic rule
the artificial tasks or the quantifier rule of t
many/muchtask. Even so, the difference b
tween frequency of rule-based and instan
based responding toward the end of prac
was smaller in thethee/thuhcase than in any o
the other conditions of Experiment 3. There
some suggestion in the data, in fact, that
stance-based responding might eventually o
take rule-based responding in frequency
practice had continued further.

Accuracy improved as participants made
transition from the guessing strategy to the r
based or instance-based strategies. In the
stages of practice, there were no differen
between rule and instance strategies in a
racy. Nonetheless, at all stages of practice, t
were important differences between strate
in the time required to make a correct respo
Participants generally came to use whiche
highly accurate strategy yielded the faster
sponse time. Thus, a careful and complete a
ysis of trial-by-trial strategy usage typically w
have much to offer toward a full understand
of the role of practice and of the retention
terval in classification and in skilled perfo
mance. Relevant to this conclusion are the
sults of Rickard (1994; see also Rickard
Bourne, 1995), who observed that, when pa
ipants were retested on previously practi
psuedoarithmetic problems after a delay in
val, the accuracy and speed of their respo
depended on whether they retained the spe
instances that they had been trained on.
subjects gravitated from a rule-based (a ca
lational algorithm) to a faster instance-ba
strategy during learning. When participants
membered an instance at retention, resp
time on that problem was no different from t
observed at the end of practice. When rem
bering failed, however, participants used
rule-based strategy that returned response
levels to where they were at the outset of p
n-
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tice. These results not only are consistent w
the outcome of the present experiments, but
imply that retention, as well as acquisition, c
be strategy specific (see also Conway et
1997).

Rule-based responding was dominant at
end of practice on thethee/thuhtask. But, a
noted above, the instance-based stra
showed an upward trend later in practice in
thee/thuhtask of Experiment 3. There is som
possibility that, with further practice, instanc
based responding might have become domi
even in thethee/thuhtask, as would be expect
by Anderson et al. (1997). The fact that
stance-based response times converged on
of rule-based trials in the log-log plots is co
sistent with this possibility. Such an outco
would not, however, invalidate our argum
that the less cognitively demanding (i.e., fas
strategy eventually dominates. It would mer
mean that the cognitive demands of strate
change with experience and use, and the
plenty of evidence for that conclusion in t
other data of these experiments. We canno
sure of this outcome, of course, and at least
additional experiment employing thethee/thuh
task with extended practice will be necessar
verify or refute this possibility.

Do the trial-by-trial reports of participan
validly reflect their real strategies in these
periments? Although the trial-by-trial repo
(like any responses that might be required in
experiment) are undoubtedly subject to so
response biases, there are several kinds of
dence that they do reflect real strategies. For
thing, reports taken in these experiments
essentially the same as those effectively
ployed by Tulving (1985) and Conway et
(1997), in pure memory tasks, and by Rick
(1997) and Delaney et al. (1998), in calcu
tional tasks, to identify the participants’ basis
responding. Further, in all conditions and ta
of our experiments, mean response timesdif-
fered reliably between strategies and w
predictable from reported strategies during
training trials. Finally, strategy reports were d
ferent for novel and training trials. Novel i
stances had never been seen by participan
earlier trials. They might elicit a guess initial
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250 BOURNE ET AL.
but on later trials rule-based responses sh
be reported, not instance-based response
fact, the frequency of instance-based report
novel trials was low relative to reports on tra
ing trials, even when instance-based respon
had become dominant. This contrast betw
responses on training and novel stimuli cle
supports the argument that participants acqu
or discovered the operative rule and use
when necessary (on novel stimuli) even tho
they might employ a less demanding insta
strategy when it was applicable. Still, insta
reports were not uncommon for novel stim
We suspect that nearly all of these reports
be accounted for by one of two factors. Fi
there might have been some stimulus gene
zation (or confusion) between training a
novel stimuli leading a participant to belie
that a novel instance had indeed occurred ea
on a training trial. Second, despite instructi
to the contrary, some participants might h
been uncertain about whether extraexperime
experience with stimuli (words) could serve
the basis of an instance-based reports.

The validity of strategy reports might be ch
lenged in another way. Suppose strategy ch
depends on response time, so that particip
report rule use only when they have respon
slowly. This possibility is unlikely in th
present experiments for three reasons in
view. First, although significant for the artific
task, the overall difference in response tim
between rule and instance strategies was m
smaller in our experiments than in the ear
experiments by Rickard (1997) and by Dela
et al. (1998), which involved rules that we
considerably more complex than the ones
used. Hence, response time would have be
much weaker cue to strategy selection in
study than in those earlier studies. Second,
ticipants in the thee/thuhpronunciation tas
showed the opposite pattern of results fr
those in the artificial tasks (and in experime
by others), responding morequickly when they
reported using the rule than when they repo
instance-based responding. Third, unlike for
artificial task, the strategy-specific power fu
tions were not parallel for our natural tas
involving common words, but rather converg
ld
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Thus, there was not only a difference in int
cept between the rule and instance functions
also a difference in slope, reflecting grea
speed-up on the instance strategy.

Another interpretation of our findings mig
be that participants rely exclusively on an
stance strategy but report rule use wheneve
instance is retrieved implicitly so that the p
ticipant is unaware of the instance. There is
conclusive evidence in these experiments to
fute this possibility, and it is not clear wh
would constitute sufficient evidence to the c
trary. Thus, this is a possibility that will cha
lenge any rule-based interpretation of per
mance including the prior work of Ricka
(1997) and of Delaney et al. (1998) as wel
the present study. Alternatively, if all respon
are determined by a race between instanc
trieval and rule use (e.g., Logan, 1988; Palm
1997), a response could be generated by m
ory retrieval even though the rule use proc
was nearly completed. Suppose that any
participants have sufficient evidence of hav
engaged in rule-based processing, they re
“rule” usage. If so, it is conceivable that part
ipants might report “rule” even though th
responses were actually generated by inst
retrieval. Again, this possibility would cha
lenge our conclusions as well as those of o
investigations demonstrating strategy-spe
power laws (e.g., Delaney et al., 1998; Ricka
1997).

Much but not all of the data of these expe
ments is consistent with extant models. For
ample, although the models of Logan (19
and Rickard (1997) were not explicitly design
to account for multiple strategy shifts, our
sults do not present them with a major ch
lenge. Both of these models assume that
stance strength accrues on every exposure
item. The greater the strength, the more lik
instance memory retrieval will prevail ov
other strategies. In most conditions of our
periments, participants discovered a rule
used it temporarily en route to a final transit
to instance-based responding. Within an
stance theory framework, the rule-based s
egy might be conceptualized as an intermed
state on the way to answer retrieval after su
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251THE STRATEGIC BASIS OF PERFORMANCE
cient memory strength for instances has
crued. However, neither of these models is
plicit about such an intermediate state at
time. Indeed, only the recent multistage mo
of Anderson et al. (1997) specifically predi
the rise and fall of rule strategy usage o
training trials. But even Anderson et al.’s the
offers no account of the variations we found
the use of rule and instance strategies a
function of rule difficulty and task familiarity

All of these models predict that instan
memory retrieval should eventually domin
for any task. Our results for thethee/thuhtask
are interesting as a possible exception to
expectation. Although more evidence is nee
it may be that rule application will persist i
definitely provided the rule can be applied m
quickly than instance retrieval in the later sta
of practice. Perhaps, if the rule is easy enou
instance strengthening is somehow diseng
and does not continue. Such an instance d
gagement mechanism would be at odds with
models as they now stand, and in particular w
Logan’s (1988) instance theory, which takes
a fundamental assumption that new instan
are encoded into and retrieved from memor
an obligatory and unavoidable consequenc
attending. Follow-up research addressing
issue is warranted.
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