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ABSTRACT

Practice on cognitive tasks, in general, and word recognition tasks, in particular, will usually
lead to faster and more stable responding. We present an analysis of the relationship between
observed reductions in performance latency and latency variability with respect to whether
processing has merely becomne faster across the board or whether a gualitative change, such as
automatization, has taken place. The coefficient of variability (CV) - the standard deviation
of response time divided by the mean latency - is shown to be useful for this purpose. A
cognitive interpretation of the CV is given that relates it to issues of skill development. Data
from second language learners’ word recognition performance and from a simple detection
task are presented which confirm predictions drawn from this interpretation of the cognitive
significance of the CV. Initial improvement in a second language word recognition task was
interpreted as involving more efficient controlled processing, which later gave way to automa-
tization. The implications of this index of skill are discussed in relation to second language
development and the general issue of automaticity of processing components in cognitive
skills.

A widely documented generalization about the effects of practice on skilled
behavior is that it leads to faster and more stable performance latencies
(for reviews, see Logan, 1988; Newell, 1991; Newell & Rosenbloom, 1981).
There is also some evidence that this appears to be the case with word
recognition skills as tapped by a lexical decision task. For example, we
reanalyzed some data from a previously published study (Segalowitz &
Hébert, 1990) involving bilinguals who read more quickly in their first
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language (L1) than in their second (L2) and who presumably had had a
great deal more practice reading in their L1. We found that the bilinguals
exhibited both longer lexical decision response times (RT) and greater RT
variability in L2 than in L1. Even within L1, the faster responding subjects,
who were presumably more skilled, tended to exhibit less variability in their
responses. Thus, overall, the faster the readers were able to recognize an
item as a word, the more stable their RT was.! While this association
between RT and RT stability as a function of skill and practice may seem
fairly obvious, the explanation for it is not; the search for an account of
practice effects is a central goal of researchers concerned with understand-
ing skill acquisition, in general (Ackerman, 1987; Fleishman & Mumford,
1989}, and in reading skill, in particular {Perfetti, 1985; Segalowitz, 1991;
Segalowitz, Poulsen, & Komoda, 1991; Stanovich, 1990),

One useful framework for understanding how practice improves perfor-
mance is found in the literature on the distinction between automatic and
controlled operation of the processes underlying a given cognitive activity
{e.g., Neely, 1977, 1991; Posner & Snyder, 1975). While various competing
possibilities have been advanced as to how best to characterize this distine-
tion (Kahneman & Triesman, 1984), several points of consensus can be
noted. The first is that most complex cognitive skills {e.g., reading, Perfetti,
1985; reading a second language, Segalowitz, 1986; playing a musical in-
strument, Sloboda, 1985) involve the use of processes that require cognitive
effort. These fall under strategic control and require attention; in opera-
tional terms, they involve decision-making and are vulnerable to interfer-
ence. Second, under appropriate conditions, practice leads to faster, less
effortful, and more stable performance. That is, elements of the skill be-
come automatized in the sense that some underlying components no longer
fall under strategic control (decision-making has been reduced) and no
longer require attentional effort (performance becomes more immune to
interference from competing cognitive demands). Unfortunately, in any
given situation, it is seldom a matter of whether performance is simply
automatic or under strategic control, Virtually all complex processing will
involve a blend of mechanisms, some of which operate automatically, while
others are under strategic control (see Jacoby, 1991, for an especially in-
sightful discussion). The researcher who is interested in studying skill devel-
opment faces the challenge of devising research methods for identify-
ing when a particular experience (e.g., extensive practice in reading) results
in more automatized performance (e.g., more automatic word recogni-
tion; see Favreau & Segalowitz, 1983; Segalowitz, 1991; Segalowitz et al.,
1991).

There are a variety of theoretical accounts of how automaticity may be
brought about by practice. Schneider, Dumais, and Shiffrin (1984) argued
that processes that are characterized as controlled at the ocutset become
automatized (less effortful) through practice over time. Cheng (1985), on
the other hand, suggested that practice leads to a structural reorganization
of underlying components. Logan (1988) proposed that, through practice,
the performer shifts from reliance on algorithmic procedures to direct mem-
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ory look-up. A fourth account suggested that practice renders performance
more “ballistic” and less subject to monitoring by specialized attentional
mechanisms by eliminating or reducing reliance on higher level supervisory
processes (Shallice, 1982). Stanovich (1990) also discussed a shift from
reliance on mechanisms that depend on general knowledge to processing
modules, or what Fodor (1983) referred to as “informationally encapsu-
lated” processing units. In these units, information analysis takes place
without reference to other, higher level information. An example might be
word recognition that occurs without reference to knowledge of a sentence
or story context, What is common to all these accounts is that controlled
processing is seen to involve mechanisms whose execution times will be
relatively slow and variable and whose influence on performance diminishes
as performance becomes more automatized.

Thus, controlled processes are presumed to contribute significantly, both
to the slowing of performance and to latency variability (Ackerman, 1987).
Practice reduces or eliminates their influence and thereby improves (i.e.,
speeds up and stabilizes) performance. We make here a broad distinction
between two types of change that may occur as a result of practice. The
challenge before us is how to know whether, in a given case, observed
changes in performance latency and latency variability reflect (a) speed-up
effects, whereby processes function faster and more stably, but otherwise
continue to operate in the same manner (with no gain in automaticity), or
(b) qualitative change, whereby performance is faster and more stable be-
cause the contributions of relatively slow and variable controlled processing
components have been eliminated or reduced (with a gain in automaticity).

Facilitory effacts and speed-up

One way in which practice may benefit performance is through a general
Jacilitory effect. This effect involves change that is essentially quantitative,
corresponding to an across-the-board acceleration or speed-up (Anderson’s
[1982] “strengthening”; see also MacKay, 1982) of the processes involved in
executing a given task. The effect of practice in this situation can be illus-
trated with the following hypothetical example. Consider, for example,
Table 1A, which indicates 10 hypothetical component processes that form
a blend of mechanisms underlying some complex activity, such as word
recognition, in a lexical decision task. Since most processes are likely to
operate at least partly in parallel and overlapping fashion (Townsend,
1974), for the sake of simplicity, we will assume that only the rate-
determining aspects of these underlying processing mechanisms need to be
considered here. These may be assumed to contribute additively to RT and
variability. The latency column of the table shows hypothetical execution
times for the 10 components. Associated with each component is an indi-
cation of the variability of their execution times (the Var. column}. The
corresponding standard deviations (SD) are shown to facilitate the calcula-
tion of the coefficient of variability (CV). Five of these hypothetical pro-
cesses (components 1-5) are shown in the table as relatively fast acting
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Table 1. Illustrative hypothetical exampie of quantitative and

qualitative effects of practice on latency, standard deviation (SD),
and the coefficient of variability (CV)

Latency
(arbitrary
Component time units) SD Var. Ccv
A. With ten hypothetical rate-determining components
underlying task execution
1 10 2.0 4.00 .200
2 34 6.8 46.24 .200
3 44 8.8 77.44 .200
4 54 10.8 116.64 .200
5 58 11.6 134.56 .200
6 64 25.6 655.36 400
7 80 32.0 1024.00 400
8 92 36.8 1354.24 400
9 94 31.6 1413.76 400
10 98 39.2 1536.64 .400
Overall 628 79.77 6362.88 127

B. With practice, speeding all components by a factor of 0.5

1 5 1.0 1.00 .200

2 17 3.4 11,56 .200

3 22 4.4 19.36 .200

4 27 5.4 29.16 .200

5 29 5.8 33.64 200

6 32 12.8 163.64 .400

7 40 16.0 256.00 400

8 46 18.4 338.56 400

9 47 18.8 353,44 400

10 49 19.6 384.16 400
Overall 314 39.88 1590.52 127

C. With practice, eliminating the 5 slowest components

1 10 2.0 4.00 .200

2 34 6.8 46.24 .200

3 44 8.8 77.44 .200

4 54 10.8 116.64 .200

5 58 11.6 134.56 .200
Overall 200 19.46 378.88 097

Note: SD = standard deviation of latency; Var. = variability of la-

tency; CV = SD/latency.

372
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and stable, corresponding perhaps to more automatized pattern-analyzing
mechanisms. The remaining 5 (components 6-10) are relatively stow and
variable, corresponding perhaps to controlled, effortful decision-making
components. The overall performance RT will be the sum of the processing
latencies for the underlying rate-determining components. The SD of the
overall performance RT will be the square root of the sum of the variances
for the latencies of the underlying components.

Table 1B indicates what happens if skill progresses to the point where all
components operate 50% faster, but where, otherwise, there is no qualita-
tive change in the way the cognitive act is carried out. The table shows that
the latency and SD for each component have been reduced by 50%, and
that both the overall RT and SD are reduced by 50%. This reduction in the
overall variability is, of course, simply an arithmetical consequence of the
speed-up of each component. Such reduction in variability could not be
cited as evidence of increased automaticity of processing since, other than
the speed-up, there has been no change in the way in which the underlying
processes behave,

The coefficient of variability

How can we distinguish between (a) a situation in which both latency and
variability have been reduced because of speed-up effects, and (b) a situa-
tion in which there has been a qualitative change due to the dropping out
of some processing components or the modularization of processing? What
is needed here is an index that combines information about latency and vari-
ability in such a way that we can see that the situation shown in Table 1A is
not qualitatively different from the one shown in 1B. A useful measure for
this purpose is CV, defined as SD divided by mean RT. This measure indicates
the variability for a given level of response latency (see, e.g., Guilford, 1942).
As Table 1A and 1B shows, the CV remains unchanged, even though latency
and §D dropped in value in the latter compared to the former,

The CV is an index that up to now has not been used widely in cognitive
psychological research, but it has been used in a number of other areas of
psychology, ranging from studies of variability in components of fixed
action patterns in animal behavior to the study of RT in brain-injured
patients (Bekoff, 1977; Carlton, Robertson, Carlton, & Newell, 1985; Daw-
kins & Dawkins, 1973; McManus, Kemp, & Grant, 1986; Rastatter & Blair,
1984; Segalowitz, Unsal, & Dywan, 1992; Slater, 1978; Watson & Livesey,
1982; Weismer & Elbert, 1982). In all these cases, the CV has provided
researchers with a measure of variability that is corrected for the latency of
responding. In these examples, however, no theoretical significance has
been attached to the CV. As we shall see, it is possible to interpret proper-
ties of the CV as indicating changes other than simple speed-up effects.

Restructuring effects and qualitative change

Practice can also lead to performance gains through qualitative changes in
the functioning of the underlying processes through a restructuring effect.
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Thus, instead of simply speeding up the operation of the component pro-
cesses, practice may set conditions for them to become organized differ-
ently; for selected, inefficient processes to drop out; for new, more efficient
processes to replace older, less efficient ones; or for some mixture of ali
these possibilities to occur (e.g., Crossman, 1959). In all these cases, the
qualitative change is brought about by the elimination of some of the pro-
cesses whose variability-to-latency ratio is relatively high. Table 1C indi-
cates what will happen in our hypothetical illustration if skill has progressed
to the point at which the five high CV rate-determining components {com-
ponents 6-10) have been eliminated from execution of the task. The overall
RT will be shorter and the SD will be reduced, as was the case in the
speed-up example discussed earlier (Table 1B). However, this time we can
see that the CV also drops (from .127 to .097), whereas in the speed-up
example, it remained unchanged. This is due, of course, to the removal of
the elements with high CV from the summation of the variances. In general,
if performance becomes faster and more stable because one or more high
CYV components have dropped out, then the overall CV will also be reduced,
along with the overall RT. In such a case, the CV will correlate with RT,
since reductions in the overall RT will be accompanied by reductions
inCV.

To summarize, practice may improve skill by reducing reliance on the
slower, less stable, high CV components: those that we typically imagine to
involve decision-making and supervisory functions. The improvement in
this case will not be due simply to an across-the-board reduction in speed
of operation, but rather to a change in the number and relative variability
of the components contributing to the overall variability. Changes in SD
will not be linearly proportional to the changes in the overall RT, since a
qualitative change will have taken place. In fact, the proportional reduction
in variability will be greater than the overall proportional reduction in
latency. That is, CV will be positively correlated with overall RT, since
every reduction in the RT will be accompanied by a more-than-proportional
reduction in variability. Thus, if the RT is reduced with training and
changes in CV correlate significantly with changes in the RT, then we may
conclude that some kind of restructuring or reorganization has occurred to
reduce the SD over and above what would be expected by virtue of the RT
becoming faster.

Phases of skill development

One can relate this analysis to different phases of skill development. Ini-
tially, one can expect training to lead to a general facilitory phase, in which
practice over a number of training sessions has the effect of facilitating
performance in a global manner. Component processes become faster
across the board, but there is no structural change in the organization of
underlying mechanisms. The change reflects a speed-up effect only: across
sessions, RT and variability are reduced, while the CV remains stable. The
correlation between CV and RT does not differ significantly from zero,
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either across individuals in this phase or within a given individual across
performances.

In a subsequent automatization phase, practice leads to structural
changes. There is a significant reduction of reliance on the slower, less
efficient, and controlled supervisory mechanisms. The change here is quali-
tative: not only the RT and variability, but also the CV, are reduced, since
the whole processing system is becoming relatively less variable in relation
to the overall RT, due to the elimination or replacement of slower, less
stable components. The CV and RT will pet correlate positively. Finally, in
a third asymptotic phase, performance reaches optimal levels. Very little
RT speed-up is possible (due to floor effects).

In the current study, we tested the hypothesized relations between RT,
SD, and CV by examining cross-subject variation in performance on two
tasks. The first was a simple RT task aimed at investigating the relationship
between RT, SD, and CV in which no qualitative changes were to be ex-
pected. Here we expected a priori that individual differences in simple RT
would reflect only the speed of constituent components and not qualitative
differences in skilled performance. The second was a lexical decision task in
English, the subjects being French speakers enrolled in an English language
summer program. The lexical decision task also included a repetition condi-
tion permitting a within-subjects analysis. Because this lexical decision task
required more complex cognitive activity than the simple detection task,
we expected individual differences in lexical decision RTs to be related to
qualitative differences in skilled performance.

EXPERIMENT 1

The goal of this first experiment was to investigate the relationship between
RT, SD, and CV for a simple task in which individual differences in perfor-
mance are not likely to involve differential use of effortful processes. A
simple RT task requiring the detection of the onset of a visual stimulus was
used. It was assumed that for this simple task, individual differences would
not arise from the differential use of effortful processes, but rather primar-
ily from differential speeds of the underlying component processes. In
terms of the illustrative hypothetical example given earlier, differences be-
tween individuals should be modeled after the speed-up differences that
characterize Table 1A and 1B. Thus, according to this theoretical analysis,
it was expected that SD would correlate significantly with mean RT across
subjects, but that CV would not.

Method

Subjects. Sixty-six French speaking students enrolled in a summer pro-
gram in English as a second language (ESL) at Brock University partici-
pated in this experiment. They ranged in age from 18 to 25 years.

Procedure, The subjects responded to the onset of a computer-controlied
visual stimulus (a square) appearing after a random ISI varying from 1000
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to 3000 msec by pressing a response key. Simple RTs were collected for 30
trials.

Results and discussion

For these analyses, all RTs greater than 1000 msec were discarded as misses
and considered indicative of attention lapses (these amounted to less than
2% of all trials). The mean RT for this task was 264 msec, the mean SD
was 54 msec, and the mean CV was .200. More important for our purposes,
8D correlated significantly with RT (» = .61, p < .001), while CV did not,
r = .19, 1(64) = 1.55, p < .20 (see Figure 1). The difference between these
correlations was significant, t(61) = 25.5, p < .001, This supports the the-
oretical analysis presented earlier. The data show that individual differences
in §D for a simple detection task do not necessarily reflect a qualitative
processing difference between subjects. Rather, they are consistent with
the idea that the faster subjects simply executed the component processes
underlying the task more quickly. Their reduced variability (SD) is simply a
reflection of an increased speed of responding. This is because SD as a
measure of performance confounds variability with absolute RT. The CV,
on the other hand, did not change as a function of RT. This is consistent
with the idea that performance differences on such a simple task will reflect
the speed of operation of the underlying processes and not their organiza-
tion.

EXPERIMENT 2

The goal of this second, and main, experiment was to investigate the rela-
tionship between RT, SD, and CV in a task in which individual differences
are more likely to involve differential use of effortful processes. For this
we used a speeded (timed) lexical decision task as a measure of word recog-
nition (den Heyer, Goring, Gorgichuk, Richards, & Landry, 1588), with
English-language targets and with subjects whose skill in English as a sec-
ond language varied. Making a lexical decision is clearly a more complex
cognitive task than the simple detection task used in the previous experi-
ment. It was expected that this task would involve differential reliance
on effortful (attentional) processes, with less skilled subjects being more
dependent on such processes than highly skilled subjects. In fact, Favreau
and Segalowitz (1983) demonstrated that even otherwise-fluent L2 readers
may exhibit less automatic word recognition in their L2 compared to their
L1, Thus, it was expected that, unlike the results in Experiment 1, CV
would correlate significantly with RT across individuals, since faster sub-
jects would carry out word recognition with fewer effortful (i.e., slow and
highly variable) components in their performance. In addition, a selected
set of target items was repeated throughout the course of the experiment to
allow us to examine within-subject relationships between RT, §D, and CV.
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Method

Subjects. The same 66 subjects participated as in Experiment 1. They
ranged in English fluency from beginner to near fluent, as determined by
global language skill placement tests administered by the English language
program they were attending. Two subjects did not complete language
background questionnaires, and so their data were dropped from these
analyses, leaving 64 subjects.

Procedure and materials. The subjects performed a lexical decision task
with 284 English words and nonwords. Each trial comprised the presenta-
tion of a target item (with a 3000 msec response deadline), followed by an
intertrial interval of 1500 msec. The targets for the lexical decision task
were constructed as follows: 35 items served as baseline words, 90 items (15
items repeated 6 times each) served as repetition words, 35 items served as
homophone words (e.g., pear; these are not considered further here), and
124 items were pronounceable nonwords (e.g., breek). The first four trials
used nonword targets.

Rosuits and discussion

For purposes of this study, we used latency to respond to baseline words as
an indicator of the level of word recognition skill. Other measures could
have been used, such as performance on global tests of second language
proficiency, tests of vocabulary knowledge, or tests of the speed of reading
text. We selected response latency to baseline words, since this clearly re-
flected some aspects of word recognition without involving many other
components of language skill that would necessarily be tapped by other
measures (e.g., syntactic skills, depth of knowledge of word meaning, abil-
ity to integrate second language information across a text, etc.). Thus, on
the basis of response latencies to baseline words, we labeled subjects with
an overall relatively slow latency as being at the less skilled end of the word
recognition skill continuum (for our sample) and subjects with an overall
relatively fast latency as being at the skilled end of the word recognition
skill continuum.

Primary analysis of the baseline word data. RTs greater or less than 2 SDs
from the mean for a given subject, across all word conditions, were re-
placed with a value of 2 SDs from the mean. The mean RT, SD, and CV
were computed for each subject across the 35 baseline word trials. Mean
RT was 948 msec, mean SD was 324 msec, and mean CV was .323. As
expected, the SD correlated significantly with RT (r = .90, p < .001), and
CV correlated significantly with RT (r = .72, p < .001) (see Figure 2).
Thus, faster subjects showed less variability than slower subjects - a differ-
ence that was more than the proportional reduction that would have simply
reflected faster processing. This result is consistent with the expectation
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that, for this complex task, faster subjects used fewer effortful processes
that were slower acting or highly variable.

Secondary analysis of the baseline word data. 1n this analysis we first exam-
ined the relation between RT, SD, and CV within the group of 22 subjects
whose mean RTs located them at the extreme slow end of the word recogni-
tion skill continuum (the slowest one-third) and hence placed them closer
to the initial phase of skill development. The subjects in this slow group
were likely to differ from each other primarily in the speed with which
many underlying components of word recognition were executed and less
50 in terms of the extent to which effortful processes played a role. A similar
analysis was conducted on the data from the 22 subjects whose RTs placed
them at the fast end of the continuum (the fastest one-third). Here, because
these subjects may be expected to be in the intermediate and advanced stages
of skill development, individual differences should begin to reflect a differ-
ential reliance on underlying effortful processes (Ackerman, 1987).

To test for these possibilities, separate correlational analyses were carried
out on the groups comprising the slowest and fastest readers, the mean RT
(and CV) for the slowest group being 1203 msec (.422) and for the fastest
745 msec (.233). The correlation of CV with mean RT for the 22 slowest
performers was .20 (n.s.), while for the 22 fastest performers, the correla-
tion was r = .55 (p < .001). Although this difference (between r = .20
and r = .55) did not reach statistical significance, when the fastest group
was expanded to include the middle-range subjects, their correlation rose
to .69 (p < .001), and the difference between the two groups was signifi-
cant (p < .05). This provides further support for the idea that the relation
of CV to RT reflects the degree to which underlying processing is automatic
(i.e., not dependent on slower, more variable, component processes).

Analysis of the repetition word data. The purpose of this analysis was to
investigate the relation of RT and CV to each other when practice effects
are present within the task. Therefore, we analyzed the mean RTs and the
correlations of CV with RT across the 64 subjects for the first presentation
of each repetition word and for the last (sixth) presentation for each repeti-
tion word. Normally, lexical decision RT is faster with a repeated presenta-
tion of a target item than with the first presentation (den Heyer et al.,
1988; Logan, 1990}, and this was the case in our study: mean RT for first
presentation = 880 msec; for last presentation = 750 msec; t(63) = 5.48,
p < .001. Repetition of a target item should reduce the subject’s need
to rely on effortful, attentional processes involved in the early perceptual
processing of the target, There should be gains in perceptual fluency with
repetitions (Jacoby & Brooks, 1984), gains that are reflected in a positive
correlation between CV and RT. Indeed, this is what was obtained, Al-
though the correlation between CV and RT for responses to both the first
presentation {r = .427) and the last presentation (r = .666) were signifi-
cant (n = 64, p < .001), they differed from each other (z = 1.92, p <
.055). According to the interpretation developed earlier, this increase in the
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correlation between CV and RT from the first to the last presentation
reflects a gain in automaticity with practice.

We can expect, however, to find a difference in pattern from first to last
presentation of repeated targets when we compare subjects who are rela-
tively very skilled at word recognition (those at the fast end of the skill
continuum) with the less skilled subjects (those at the slow end of the
continuumy). Individual differences among skilled (faster) subjects at the
time of first presentation should reflect a differential use of effortful pro-
cesses, and therefore CV should correlate positively with RT for the same
reasons we saw with the baseline word data from faster subjects. These
same subjects should still show gains in perceptual fluency with repeated
practice, and so, at the later repetitions, there should still be a positive
correlation. This is what we found to be the case: at first presentation, r
= .668 (n = 22, p < .001), while at last presentation, r = .675 (n = 22,
p < .001).

In contrast, individual differences among less skilled (slower) subjects
that were evident at the time of first presentation should not reflect a
differential use of effortful processes, since all subjects will be heavily
dependent upon them, as was the case with baseline word data for stow
subjects. Thus, CV should not correlate strongly with RT for first presenta-
tion words. This is exactly what we found: at first presentation, r = .176
(n = 22, n.s.). Later, however, these same subjects should show gains in
perceptual fluency with repeated items, and so, at the time of the last
presentation, there should be a positive correlation between CV and RT.
This was indeed the case: at last presentation, r = .507 (n = 22, p < .02).

Thus, in several ways, the results from the second language lexical deci-
sion task are consistent with the predictions derived from the theoretical
analysis presented earlier. These data show that individual differences and
within-subject differences in response latency SD can, in an appropriately
complex task, reflect changes over and above those expected from simple
speed-up of processing. The data are consistent with the idea that, unlike
in Experiment 1, faster subjects (presumably those who were more experi-
enced in reading English) initially performed the word recognition task with
fewer slow, variable processing components than did the slower subjects.
Moreover, with practice, all individuals improved their word recognition
performance in a manner consistent with the interpretation that practice
improved automaticity.

GENERAL DISCUSSION

This study addressed the questions of whether one can identify differences
in automaticity of word recognition as a function of word recognition
skill or practice. These questions were addressed directly in the second
experiment reported here. Word recognition skill was operationalized in
terms of lexical decision latency (with fast responding indicating higher
levels of skill). Automaticity was operationalized in terms of a positive
correlation between RT and the CV of RT following a theoretical analysis
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of how a blend of automatic and controlled processes underlying a complex
task such as word recognition might contribute to response variability.

The subjects in a second language lexical decision task performed in a
manner that confirmed expectations. Between-subject analyses showed (as
expected) that CVs correlated positively with RT, indicating that gains in
word recognition skill {faster responding) were associated with large de-
creases in variability of responding. Within-subject analyses also showed
(as expected) that all subjects responded faster to items that were repeated
within the task, and that CVs for these items correlated positively with RT,
Further analyses also revealed that automaticity effects were stronger with
skilled (faster) subjects than with less skilled (slower) subjects. Overall, the
results conformed nicely to the hypothesized relationships between RT and
CV that were derived from a discussion of ways in which controlled and
automatic processing help to determine overall response variability.

Such analyses may have interesting and important applications for the
study of second language acquisition. For example, it has been argued
elsewhere that successful second language training programs should include
the goal of automatizing certain fundamental language skills (Gatbonton &
Segalowitz, 1988; Segalowitz et al., 1991). Measures of the degree to which
a given language skill has been automatized have hitherto been difficult to
implement in most situations. The analyses presented in this article show
promise in this respect. If one can obtain response latencies in an appro-
priate context (and one need not be restricted to measures of word recogni-
tion) and measures of the variability of those latencies, then it should be
possible to investigate whether the CV correlates positively with RT. In this
mainer, one can study changes in automaticity as a function of different
language exposure and training situations.

This study can also be seen to address larger issues related to skill devel-
opment in domains other than second language acquisition. Consider, for
example, what our null hypothesis should be for assessing claims of a gain
in automaticity in a given situation. An example might be a task of rela-
tively long duration, such as a music or dance performance of several
minutes. This would involve the sequencing of a number of processing
units, each with a characteristic execution time and variability. As can be
seen from the example in Table 1A, the overall execution time of a hypo-
thetical task involving 10 underlying components appears to be relatively
more stable (here, the SD of total execution time is 12.7% of the overall
execution time) than is the execution time of any one component (here, it is
either 20% or 40%, depending on the component). Brothers and Shaw
(1989) reported cases in which dancers were able to execute mental perfor-
mances lasting several minutes with what appeared to be impressively little
variability in mean execution time (in the order of a few percentage points).
They concluded that there must be some higher order clock that regulates
this behavior to permit such precise replicability of performance items.
According to the present analysis, however, this may not necessarily be so;
it all depends on how many sequential units are presumed to underlie the
performance. We have seen that under a null hypothesis that no automati-
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zation or higher order mental clocks are involved, one can nevertheless
expect there to be a considerable reduction in variability in relation to
total performance time. Thus, under some circumstances, it may become
necessary to define what counts as an independent, functional unit of pro-
cessing if one wants to estimate the “normal” reduction in variability before
antomaticity and higher order clocks enter into the picture.

Finally, it should be noted that this analysis of the difference between
speed-up effects and automaticity can be applied to a number of different
dependent measures, including latencies of evoked potentials, panel press-
ing, timing of speech events, eye movements - any situation in which laten-
cies and their variability can be measured over time as a function of practice
or skill level. It is hoped that analyses of variability, such as those proposed
here, witl provide a useful complement to other research techniques for
understanding the mechanisms underlying second language performance
and complex human skills in general.

ACKNOWLEDGMENTS

This research was supported by a grant from the Quebec Ministry of Education
(FCAR). The authors would like to thank Claire Carriére, Elizabeth Gatbonton,
Zhenhua Huang, Mel Komoda, Catherine Poulsen, and Vivien Watson for their
valuable comments in earlier phases of this research, the Brock University Intensive
ESL Program for their cooperation and assistance, and JoAnne Stewart for helping
with the data collection. Data from this article were presented at the 25th Interna-
tional Congress of Psychology, Brussels, July 1992,

NOTE

1. The bilinguals in this study were very fluent in their two languages, despite the
fact that they read their L2 more slowly than their L1. The means of the 24
bilinguals’ RTs were 836 and 707 msec for L2 and L1, respectively, #(23) =
3.592, p < .005. The means of their individual SD of RTs were 310 and 188
msee for L2 and L1, respectively, #(23) = 3.422, p < .005. The correlation
between their RTs and $Ds in LI was r = 742, p < .01 (n = 24). Similarly,
for a group of 12 French and 12 English monolinguals in the same study, the
mean RT and mean of the individuals’ SDs were 726 and 222 msec, respectively,
r=.719,p < .01(n = 24).
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