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The processing of isolated visual letters was studied by means of a priming paradigm. In
alphabetic (letter vs. nonletter) classification, any letter prime reduced response times to letter
targets. Additional facilitation occurred only with primes physically identical to the target. In
letter naming, facilitation was seen with primes nominally identical to the target even when
they were physically different. This result is not due to phonological priming because
phonologically similar primes had no effect on naming times. Primes nominally different
from the target but physically similar to it increased naming times. The classification task

seems to be performed through the global monitoring of stored visual knowledge of letters.
In contrast, the absolute identification of letters appears to rest on a signal-to-noise statistic
derived from an abstract encoding of letter identities. Connectionist simulations provide

support for these proposals.

The encoding of letter identities is an important part, and
quite possibly an essential precursor, of the normal word
reading process (e.g., Pollatsek & Rayner, 1989, for a re-
view). The understanding of the mental operations and
codes involved in the identification of letters is therefore
crucial for a detailed theory of reading. In addition, it is
clear that performance in any reading task must be inti-
mately tied to the kind of representation on which response
is based and to the decision mechanisms that lead to re-
sponse selection (e.g., Monsell, Doyle, & Haggard, 1989;
Neely, 1991). The dual aim of this article is to provide
evidence relevant to the organization of the letter recogni-
tion system and to distinguish between the response selec-
tion operations involved in absolute identification and clas-
sification tasks.

The mechanisms involved in letter recognition have pre-
viously been the subject of investigation with the matching
paradigm. Possibly the most fundamental result from this
work (Posner & Mitchell, 1967) is that, in a task in which
participants have to decide whether two simultaneous letters
have the same name, responses to physically identical (PT)
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pairs (e.g., A—A) are faster than those to nominally identical
but physically different (NI) pairs (e.g., A-a). Several rep-
lications of this PI-NI discrepancy have been reported since
then using similar methods or variants of the basic letter
matching paradigm (Boles & Eveland, 1983; Carrasco,
Kinchla, & Figueroa, 1988; Kellicutt, Parks, Kroll, & Sal-
zberg, 1973; Kroll & Parks, 1978; Parks & Kroll, 1975;
Posner, Boies, Eichelman, & Taylor, 1969; Proctor, 1981;
Walker, 1978). From their initial observation, Posner and
Mitchell (1967) determined that isolated letters may be
registered under two separate codes: the visual and the name
codes. The visual code represents letter shape and becomes

-available sooner than the name code, which abstracts away

information about visual shape and therefore allows the
decision that two visually different instances of a particular
letter have the same name. Thus, when two letters are
physically identical, they must be nominally identical as
well and the same-name decision may be based on the faster
visual code. With NI pairs however, the letters are physi-
cally different and the same-name decision must rest on the
slower name code. It is of interest to note that, under this
explanation, the kind of code (i.e., visual or name) on which
the matching decision is taken can vary from trial to trial as
a function of stimulus conditions (i.e., PI vs. NI pairs).

In spite of the empirical support for dual mechanisms in
letter encoding, what has remained unclear and is still
controversial today is the specific format under which the
so-called name code is represented. A clarification of this
concept seems quite critical for reading theory, however.
Indeed, several experiments interested in the processing of
letter strings have indicated that the representation format
for lexical orthographic knowledge is abstract with respect
to visual shape (e.g., Adams, 1979; Allport, 1979; Carr,
Brown, & Charalambous, 1989; Evett & Humphreys, 1981;
McClelland, 1976; Pollatsek, Well, & Schindler, 1975;
Segui & Grainger, 1990). Most convincing among these is
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the evidence that the superior recognition of words over
pseudowords with brief and masked displays persists when
stimuli are presented in an unusual visual format (e.g.,
alternation of uppercase and lowercase letters; Adams,
1979; McClelland, 1976). The implication of such observa-
tions is that, for the purpose of word recognition, the read-
ing system appears to abstract away information pertaining
to the visual properties of the stimulus and only retain
information about orthographic identities. In addition, dif-
ferent sources of evidence have shown that the normal
recognition of a visual word proceeds by the prior identifi-
cation of its component letters (e.g., Adams, 1979; Besner,
Davelaar, Alcott, & Parry, 1984; Coltheart, Curtis, Atkins,
& Haller, 1993; Johnston & McClelland, 1980; McClelland,
1976; McClelland & Rumelhart, 1981; Paap, Newsome,
McDonald, & Schvaneveldt, 1982; Paap, Newsome, &
Noel, 1984). Given this, it appears that the filtering out of
visual shape information for reading may take its source in
letter recognition; more specifically in the derivation of
what Posner and Mitchell (1967) have called the name code,
or some variant thereof.

According to Posner (1978), the name code proposed by
Posner and Mitchell (1967) should be equated with a pho-
nological representation which, in the letter matching task,
would obviously permit participants to decide that NI letter
pairs (e.g., A-a) have the same name. This hypothesis has
been challenged however, by the demonstration that the
name equivalence of physically different letters can be
established without phonological coding (Boles & Eveland,
1983; Rynard & Besner, 1987; for relevant evidence see
also Besner, Coltheart, & Davelaar, 1984; Boles, 1986;
Boles & Hellige, 1984; Carrasco et al., 1988; Parks & Kroll,
1975). Two apparently equally viable accounts have there-
fore been presented as alternatives to the phonological code
for the process by which an abstract representation of letter
identities may be derived. One is that of letter types, which
are defined as abstract internal units that specifically encode
orthographic identity, to the exclusion of shape or phono-
logical information (Besner et al., 1984; Coltheart, 1981,
Mozer, 1989; Rynard & Besner, 1987). These letter types
are contrasted with letter tokens, which would stand as
form-specific letter representations; that is, visual represen-
tations of knowledge about letter shapes (Mozer, 1989). A
rival to the letter-type hypothesis is the view defended by
Boles (1986, 1992; Boles & Eveland, 1983), who proposed
a process by which a visual representation of the opposite-
case version of a letter stimulus is rapidly and automatically
generated (for a related proposal, see also Parks & Kroll,
1975). Under the generation hypothesis, no actual represen-
tations of abstract orthographic identities would exist.
Rather, the abstraction of letter-shape information would be
provided by the generation of the different shape descrip-
tions (i.e., token level) under which a particular letter iden-
tity may be depicted visually.

One main goal of this article is to study the abstraction of
visual shape information in letter recognition with the prim-
ing paradigm. Surprisingly, although this paradigm has been
used before to study letter recognition, it has so far failed to
provide convincing evidence for abstract encoding. Eichel-
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man (1970) used a letter naming task and examined the
effect of the relationship between targets on successive

trials (intertrial intervals of 200 or 700 ms). His results -

showed that, with a target nominally identical but physically
different from that of the previous trial, response times were
shorter than with letters unrelated (i.e., different; DI) to the
preceding target. In a letter naming experiment where
primes were passively viewed for 500 ms, Walker (1978)
observed a similar effect if primes and targets were sepa-
rated by an interstimulus interval (ISI) of 1 s or 2 s and were
shown in different locations. With no spatial separation
between primes and targets or with an ISI of 0 ms or 500
ms, no difference was observed between the response times
in the NI and DI conditions. Because no neutral condition
was run in either study, it cannot be determined whether the
differences reported by Eichelman (1970) and Walker
(1978) between the NI and DI conditions are due to actual
benefits from abstract priming or instead to DI primes
having a name different from the target. The critical impor-
tance of a neutral condition for data interpretation is re-
vealed by the work of Proctor (1981). In his Experiment 2,
participants named a target letter preceded by a 500-ms
prime and a 500-ms ISI. Even though response times were
shorter with NI than DI primes, no difference was observed
between the results with neutral (a percent sign) and NI
primes.

More recently, Jacobs and Grainger (1991) studied the
effect of very brief (up to 80-ms duration) masked primes
on the time necessary to classify a target character as being
a letter or a nonalphabetic character. These authors claimed
to have found evidence for abstract letter priming in this
task. However, we argue that their observations fail to
clearly support this conclusion. Thus, in one experiment
where NI primes were used (Experiment 1), no particular
selection was made on the degree of visual similarity be-
tween these primes and their corresponding target (see
Grainger & Jacobs, 1991, for a similar design in a letter-
string to single-letter priming paradigm). Some NI primes
were physically different from the target they preceded
(e.g., prime = b; target = B), whereas others were quite
similar (e.g., prime = c; target = C). It is possible then, that
the facilitation observed in this condition, relative to primes
both physically and nominally different from the target
(e.g., prime = X, target = G), was caused by the physical
similarity between some of the primes and their correspond-
ing targets. This is all the more likely that the authors did
find, in the same kind of experiment, that primes which
were only visually similar to the target (SIM; e.g., prime =
G; target = C) led to shorter response times than DI primes.

In another experiment (Experiment 3), Jacobs and
Grainger (1991) considered separately the effects of NI
primes that were visually similar or different from the
target. These two conditions resulted in shorter response
times, an effect that was notably greater with NI primes that
were visually similar to the target. One important issue in
interpreting this observation is the baseline against which
the results from the NI conditions were compared. Indeed,
no DI condition was run in this experiment and the baseline
used was one where the prime (a nonletter) was associated
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with a response different from that associated with the target
(a letter). As response priming effects were evident in their
alphabetic decision experiments, it appears possible that the
facilitation reported by Jacobs and Grainger (1991) with
visually different NI primes may be an artifact of the base-
line condition. In other words, response priming was not
dissociated from the effect of visually different NI primes,
and it may therefore not be concluded that abstract ortho-
graphic priming occurred.

In the present report, we studied abstract letter priming
with a condition in which NI primes were visually different
from their corresponding target. As well, appropriate base-
line conditions were included in each experiment. Finally,
the range of prime durations was extended (from 50 ms to
200 ms) compared with that used by Jacobs and Grainger
(1991; from 20 ms to 80 ms) to ensure the occurrence of NI
priming if a process that abstracts away the particular
shapes of letters is actually involved.

Another interesting aspect from the results of Jacobs and
Grainger (1991), which has been noted earlier, is the effect
of SIM primes on the time required to classify letter targets.
Specifically, this condition led to shorter response times
than DI primes, suggesting that the prior activation of a
shape code compatible with that of the target facilitates its
recognition. Although this effect of SIM primes does not
appear especially surprising, there is reason to suspect that
it may in fact be contingent on the task participants have to
perform on the target. Indeed, discussions as to the require-
ments of word classification and absolute word identifica-
tion tasks have suggested fundamental differences in re-
sponse selection mechanisms (Besner et al., 1984; Monsell
et al., 1989; Neely, 1991; see Andrews, 1989; Balota &
Chumbley, 1984, 1985; Carr, Brown, Vavrus, & Evans,
1990; Carr, Pollatsek, & Posner, 1981; Forster & Chambers,
1973; Frederiksen & Kroll, 1976, McCann, Besner, &
Davelaar, 1988; Parkin, McMullen, & Graystone, 1986; and
Seidenberg, Waters, Barnes, & Tanenhaus, 1984; for rele-
vant evidence and discussion). A related distinction be-
tween response selection for classification and absolute
identification has also been proposed for the processing of
nonlinguistic materials (Ashby & Gott, 1988; Ashby & Lee,
1991; Nosofsky, 1986). The distinction may also be true in
the letter processing domain, as suggested by the following
task analysis.

Consider the alphabetic decision task used by Jacobs and
Grainger (1991). In this case, the production of a correct
response may not imply the absolute identification of the
target. In other words, the production of a correct letter
response does not seem 1o require a specification of which
letter is presented. Rather, the presence of a sufficient level
of activation within a representation system specific to
letters may be sufficient for an accurate letter versus non-
letter classification. Given this assumption, it follows that
the prior activation, by a SIM prime, of a shape code
compatible with the target will result in shorter letter-deci-
sion times. Formal support for this was provided by Jacobs
and Grainger (1991) through simulations based on the in-
teractive activation model of McClelland and Rumelhart
(1981). Thus, they were able to fit simulation results for the
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SIM and DI priming conditions to their empirical observa-
tions by using, in those simulations, the level of activation
of letter representations as a criterion for response.

In contrast to alphabetic decision, if participants have to
perform the absolute identification of a target letter, the
information on which an accurate response is based may -
differ. For instance, in a letter naming task, it appears not
only necessary that the representation corresponding to the
target identity be appropriately activated but also that there
be a sufficient contrast between the activation of the target
representation and that of other competing letter units (i.e.,
a large enough signal-to-noise ratio; €.g:, Luce, 1959, 1977).
As an example, consider a situation in which the target
representation is highly activated. If, for some reason, an-
other letter representation is also activated to a high degree,
it may be difficult or even impossible to determine the exact
identity of the target, that is, which letter is presented.
Nevertheless, this state of the letter recognition system,
where representations are highly activated, would seem
appropriate for the correct decision that the target is a letter.

If response selection processes vary as a function of task
in the way assumed here, it can be expected that the effect
of SIM primes will differ between alphabetic decision and
absolute letter identification. As indicated above, by virtue
of its shape compatibility, a SIM prime may accelerate the
activation of the target representation. At the same time,
however, a prime whose identity is different from that of the
target will increase the level of background noise against
which target activation occurs. If absolute identification of
the target is based on a signal-to-noise ratio, prior exposure
to a prime with a different nominal identity should have a
negative impact on performance. Therefore, in the context
of an absolute identification task, the effect of the shape

. compatibility of a SIM prime would be opposed by its

nominal incompatibility with the target. It can reasonably be
expected that this situation would prevent any facilitation to
occur with SIM primes, in contrast to what was observed by
Jacobs and Grainger (1991) in alphabetic decision. In fact,
it can be argued that these primes may actually produce
inhibition in an absolute identification task. Thus, if a SIM
prime activates a visual code that is partially compatible
with that of the target, the reverse may also be true, that is,
the activation resulting from exposure to the target may
cause leakage which maintains the activity of the represen-
tation coding the SIM prime. In such a case, because of the
higher level of background noise target identification should
be delayed relative to a condition in which the prime is
visually incompatible with the target (e.g., DI).

One purpose of the present report is to test the hypothesis
that letter classification and absolute letter identification
tasks differ on the processes by which response selection is
performed. Following the task analysis presented above, it
is expected that the effects of SIM primes in classification
and absolute identification tasks will differ. To test this
hypothesis, the experiments reported here used letter versus
nonletter classification and letter naming tasks in the
context of the priming paradigm developed by Jacobs and
Grainger (1991).

Following the presentation of our empirical work on letter
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priming, a series of simulations that used a connectionist
network are discussed. Their purpose is not so much to
present a full-fledged theory of letter processing, but rather
to assess, through their implementation in a mechanistic
system, the specific hypotheses we present to account for
the experimental results.

Experiment 1

Experiment 1 was mainly intended to replicate and extend
the work reported by Jacobs and Grainger (1991). Thus,
participants performed a letter versus nonletter classifica-
tion where targets were preceded by briefly exposed primes.
A condition in which NI primes (name identity) that were
physically different from the target was included. A condi-
tion in which letter primes were both physically and nom-
inally different from the subsequent target letter was also
used and served as a baseline that controlled for response
priming with letter targets. The other priming conditions
were as follows: physically identical primes (PI), physically
similar but nominally different primes (SIM), a nonletter
prime (NL), and a neutral prime (NE, a blank character).
Prime durations were of 50, 100, 150, or 200 ms.

Method

Participants. Five experienced participants who were part of
the personnel of the Neurolinguistics Laboratory of the Montreal
Neurological Institute, Montreal, Québec, Canada, took part in this
experiment. Their ages ranged between 21 and 32 years. All but
one were right-handed.

Stimuli and materials. The experiment was run on a Macintosh
Plus microcomputer and was controlled by the software Psychlab
(Bub and Gum, University of Victoria, Victoria, British Columbia,
Canada).! Responses were registered through a key press. Partic-
ipants used their dominant hand to indicate that the target was a
letter and used their nondominant hand to indicate a nonalphabetic
character. Participants were seated approximately 45 cm from the
screen and the experiment was conducted in a normally lit room.

The target letters used were the following 20 uppercase letters:
"A,B,C,D,E,F,G,H,LK,M,N,O,P,Q,R,S, T, U, and V. The
nonletter targets were the following 10 keyboard characters: !, §,
%, &, +, 2, #, <, >, and =. The prime letters used were the 20
uppercase letters just mentioned, as well as the 10 following
lowercase letters: a, b, d, €, g, h, m, n, q, and 1. Two nonalphabetic
characters were also used as primes. Those were an asterisk and a
blank character, the latter serving as a neutral prime. The width of
these stimuli was between 3 and 6 mm and their height was
between 4 and 6 mm. A masking stimulus, which took the form of
a checkerboard with sides of 10 mm, was also used. This stimulus
was presented before and afier the prime (see below). All stimuli
were presented in the middle of the display screen.

Procedure. Several conditions defined the nature of the rela-
tionship between the prime and the target presented on any given
trial. There were six kinds of priming categories for letter-target
trials:

1. Physically identical primes (PI), where the prime was
identical to the target that followed (e.g., prime = A;
target = A). Any of the 20 uppercase letters used in this
experiment could serve in this condition.

2. Nominally identical primes (NI), where the prime had the
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same name as the target but both were physically different
(Boles & Ciifford, 1989). In this condition, the prime was
one of the 10 lowercase letters used here and the target
was its uppercase version (e.g., prime = a; target = A).

3. Similar primes (SIM), where the prime was physically
similar to the target but was nominally different from it.
In this condition, uppercase letters that were physically
similar were paired and either item of a pair could serve
as the prime while the other served as the target. The pairs
of similar letters used were C-G, E-F, 1-T, 0-Q, and
U-V.

4. Different primes (DI), where the prime and target were
both nominally and physically different. The primes used
in this condition were the letters A, B, D, H, K, M, N, P,
R, and S, and the targets matched with each of these items
were M, N, K, V, P, U, O, A, S, and F, respectively.

5. Nonletter prime (NL), where the prime was an asterisk.

6. Neutral prime (NE), where the prime was a blank char-
acter. In both the NL and NE priming conditions, any of
the uppercase letters used in this experiment could serve
as target.

For each of the trials that was constructed with a letter target, a
corresponding trial with the same prime but a nonletter target was
made. This was done by replacing the target letter by a nonletter
randomly selected from the set presented above. Thus, the priming
conditions with nonletter targets were (a) real letter primes (RL),
(b) nonletter primes (NL), and (c) neutral primes (NE). With this
way of preparing trials for nonletter targets, no prime could serve
in predicting the response to the target that followed. Note that,
with this design, four times more trials were run in the RL
condition than in the NL and NE conditions. The specific items
used as prime and target on any given trial were selected randomly
within the constraints presented above.

The course of a trial was as follows: The masking stimulus was
first presented in the center of the screen for a duration of 750 ms.
It was then replaced by the prime, which remained on for a
duration of either 50, 100, 150, or 200 ms.? At the offset of the
prime, the mask was presented again for a duration of 33 ms (i.e.,
two video frames). It was then immediately replaced by the target,
which remained visible until the participant responded.

The experimental design comprised 36 conditions. Of these, 24
used letter targets, with the effect of six prime categories (P1, NI,
SIM, DI, NL, and NE) examined over four different prime dura-
tions (50, 100, 150, and 200 ms). The 12 other conditions used
nonletter targets, with three different prime categories (RL, NL,
and NE) and four prime durations. Each participant was tested over
a period of 2 to 4 days on 20 blocks of 96 trials each. Each block
comprised two trials for each of the experimental conditions, with
the exception of RL primes preceding nonletter targets, for which
eight trials were run at each prime duration in each block. The
trials for each condition were distributed randomly within each
block. Participants were instructed to respond as rapidly as possi-
ble while avoiding errors. The main dependent variable was re-
sponse time.

! The accuracy of response time measurements with this pro-
gram has been assessed. Its precision is of 1 ms.

2 Although this was not examined formally, informal inquiries
suggest that participants could have been consciously aware of the
identity of the primes, even with an exposure duration of 50 ms.
This differs from the experiments of Jacobs and Grainger (1991),
where participants were unable to report the primes.
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Results

Figures 1 and 2 illustrate the average correct response
times and average error rates for each condition where the
target was a letter. The average correct response times and
error rates to nonalphabetic targets are shown in Figures 3
and 4. No evidence for a speed—accuracy trade-off was seen,
as the correlation between average response times and error
rates across conditions was positive and significant (.63;
p < .01). The observations with letter and nonletter targets
were analyzed separately with two-factor (Prime Cate-

" gory X Prime Duration) analyses of variance (ANOVA).

The main finding of Experiment 1 is that the compatibil-
ity between the responses (letter vs. nonletter) associated
with the prime and the target had marked effects on re-
sponse times (i.e., response priming; Eriksen & Shultz,
1979; Taylor, 1977; Weisgerber & Johnson, 1989). Thus,
relative to the NE condition, response times to letter targets
were longer if the prime was a nonletter (NL) and were
shorter if the prime was a letter (DI). Also, response times
to nonletter targets were shorter when the prime was a
nonalphabetic stimulus (NL) than if it was neutral (NE). The
only other important effect on response times is that PI
primes led to faster letter responses than primes physically
and nominally different from the target (DI). No response
time benefit from NI or SIM primes over DI primes was
found. The error rate data largely parallel that on response
times except that facilitation was observed with NI primes
but not with PI primes. The details of the data analyses are
reported below.

Letter targets. Analysis of the correct response times to
letter targets indicated main effects of both prime category,
F(5, 20) = 32.2, p < .001, and prime duration, F(3, 12) =
7.4, p < .005, along with a significant Prime Category X
Duration interaction, F(15, 60) = 4.6, p < .001. The main
effect of duration indicated a decrease in response times
with an increase of prime duration. Analysis of the simple
effects of the interaction indicated a significant effect of
prime category at each duration: 50 ms, F(5, 200=171,p<
.001; 100 ms, F(5, 20) = 36.3, p < .001; 150 ms, F(5, 20)
= 16.7, p < .001; 200 ms, F(5, 20) = 25.1, p < .001.

m [ //‘___‘
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1 i i 1
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Figure 1. Average correct response times to letter targets in the
alphabetic decision task in Experiment 1. NL = nonletter; NE =
peutral; DI = different; SIM = similar; NI = nominally identical;
Pl = physically identical. Prime duration is expressed in milli-
seconds.
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Figure 2. Average error rates with letter targets in the alphabetic
decision task in Experiment 1. NL = nonletter; NE = neutral;
DI = different; SIM = similar; NI = nominally identical; PI =
physically identical. Prime duration is expressed in milliseconds.

Pairwise comparisons between priming conditions at each
duration examined two classes of priming effects. One was
response priming. By using the observations with an NE
prime as a baseline, we assessed the effect of presenting a
letter (DI prime) or a nonletter (NL prime) on response
times to letter targets. Another class of priming can be
labeled letter-specific priming. We assessed the impact of
physical or nominal compatibility between the prime and
target in a way that dissociated these effects from response
priming. Thus, the baseline condition for this category of
priming was that of DI primes and response times in this
condition were compared with those in the PI, NI, and SIM
conditions. Only the significant effects observed in these
comparisons are reported.

Response priming is the most prominent effect to emerge
from the pairwise comparisons at each prime duration for
trials where the target was a letter. Thus, at all prime
durations, response times to letter targets were longer with
NL than with NE primes: 50 ms, #4) = 2.5, p < .05; 100
ms, {4) = 3.7, p < .05; 150 ms, #(4) = 3.8, p < .0, 200
ms, {4) = 29, p < .05. Also, at all prime durations,
response times to targets preceded by a DI prime were
shorter than with an NE prime: 50 ms, #(4) = 2.5, p < .05;
100 ms, #(4) = 3.6, p < .05; 150 ms, #(4) = 6.6, p < .01;
200 ms, /(4) = 3.5, p < .05. The only effect that relates to
letter-specific priming is that response times were shorter
with PI than with DI primes. This effect was seen at all
prime durations: 50 ms, #(4) = 2.9,p < 05; 100 ms, #(4) =
5.0, p < .01; 150 ms, #(4) = 3.9, p < .01; 200 ms, 1(4) =
2.4, p < .05. The lack of any difference in response times
between the DI and NI conditions and between the DI and
SIM conditions does not appear to result from a lack of
power in our statistical tests. Thus, as can be seen in Figure
1, there was, at all prime durations except 200 ms, a nearly
perfect overlap of the response times observed with DI, NI,
and SIM primes. At a prime duration of 200 ms, the overlap
between the response times with DI and SIM primes was
still excellent but response times with NI primes were
slightly lower than those with DI primes. This latter differ-
ence failed to reach significance however, #(4) = 1.9, ns.
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Figure 3. Average correct response times to nonletter targets in
the alphabetic decision task in Experiment 1. RL = real letter;
NE = neutral; NL = nonletter. Prime duration is expressed in
milliseconds.

The ANOVA applied on the error rates with letter targets
indicated no main effect of prime duration, F(3, 12) = 2.7,
ns, but a main effect of prime category, F(5, 20) = 6.9,p <
.001, and a significant interaction of Prime Category X
Prime Duration, F(15, 60) = 2.8, p < .005. Simple effects
of prime category were significant at durations of 100 ms or
longer, but not with 50-ms primes: 50 ms, F(5, 20) = 2.3,
ns; 100 ms, F(5, 20) = 4.8, p < .005; 150 ms, F(5, 20) =
5.1, p < .005; 200 ms, F(5, 20) = 7.8, p < .001. Pairwise
comparisons showed significant response priming at dura-
tions of 100 ms or longer, with larger error rates with NL
primes than with an NE prime: 100 ms, #4) = 2.2, p < .05;
150 ms, #(4) = 3.0, p < .05; 200 ms, #(4) = 6.0, p < .01
No difference in error rates between the DI and NE condi-
tions was observed, however. Other effects related to letter-
specific priming were also observed, but their magnitude
was small (see Figure 2). Thus, with SIM primes of a 50-ms
duration, error rates were lower than with DI primes, #(4) =
3.2, p < .05. Also, error rates were lower with NI than with
DI primes at durations of 150 and 200 ms: 150 ms, #(4) =
2.5, p < .05; 200 ms, #(4) = 3.2, p < .05. In contrast,
however, error rates with PI and DI primes did not differ at
any duration.

Nonlerter targets. The ANOVA applied on the correct
response times observed with nonletter targets showed sig-
nificant main effects of prime category, F(2, 8) = 6.3, p <
.05, and of prime duration, F(3, 12) = 25.6, p < .001, but
no interaction between these factors, F(6, 24) = 2.0, ns. The
main effect of duration indicated a decrease in response
times with an increase of prime duration. With respect to
pairwise comparisons that examined the effect of prime
category, analyses showed evidence for response priming.
Thus, response times were shorter with NL than with NE
primes, #(4) = 3.9, p < .01. However, no difference was
seen between RL and NE primes, #(4) = 1.4, ns. The
ANOVA examining the error rates with nonletter targets
indicated no main effect of prime category, F(2, 8) = 1.9,
ns, or of duration, F(3, 12) = 2.0, ns, and no interaction
between these two factors, F(6, 24) = 1.7, ns.
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Discussion

Possibly the most conspicuous finding from Experiment 1
is the massive response priming effect, which was apparent
in many of the pairwise comparisons we performed. Thus,
primes associated with the same response as the target led to
shorter response times than a neutral prime (for letter tar-
gets: DI < NE; for nonletter targets: NL < NE). Con-
versely, primes associated with a nonletter response yielded
longer response times and higher error rates to letter targets
than a neutral prime (NL > NE for both dependent mea-
sures). Jacobs and Grainger (1991) also observed such ef-
fects in their alphabetic decision experiments and it was the
strongest kind of priming they reported (see Jacobs &
Grainger, 1991, Experiment 2). We note however that, in
the present experiment, letter primes did not result in an
increase of response times to nonletter targets. Weisgerber
and Johnson (1989) have also reported, in several experi-
ments, that response times to nonalphabetic characters in a
letter versus nonletter classification task are not increased
by exposure to a letter prime.

According to Jacobs and Grainger (1991), response prim-
ing effects result from a bias in a response selection mech-
anism that would affect response times according to the
compatibility between the responses associated with the
prime and the target. Although this explanation appears well
suited to account for the response priming effects observed
in Experiment 1, we point out that any effect of the prime on
a response selection mechanism must originate from a per-
tinent change in the state of the letter representation system,
that is, a change which affects the signal that is being
monitored for response selection in the classification task.

From this, the widespread occurrence of response priming
effects in Experiment 1 may be taken as support for the

‘hypothesis that the letter versus nonletter classification is

performed through the global, or nonselective, monitoring
of activation within a set of representations that is specific
to letters (i.c., a response selection process that disregards
the specific identity to which the activated representation
corresponds). Thus, it may be assumed that the presentation
of any letter as a prime increases the activation of some
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Figure 4. Average error rates with nonletter targets in the alpha-
betic decision task in Experiment 1. RL = real letter; NE =
neutral; NL = nonletter, Prime duration is expressed in milli-
seconds.
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internal letter unit. If participants attend to the activation of
letter units in a nonselective manner to perform the alpha-
betic decision task, the activation produced by a letter prime
will affect the status of the response selection mechanism
and bias it toward a letter response, regardless of its physical
or nominal relation with the subsequent target. The converse
may also be true. Thus, a nonletter prime (here an asterisk)
may result in an inhibition of letter units and therefore
bias the response selection mechanism toward a nonletter
response.

Besides response priming effects, we also observed that
error rates were lower with NI than with NE primes at
durations of 150 and 200 ms. This effect was weak however
(see Figure 2). In addition, its meaning is unclear. Indeed,
had the effect of NI primes on error rates been linked to the
shared nominal identity of the prime and the target, PI
primes should have alsoled to a reduction in error rates. No
such effect of PI primes occurred, however. On that subject,
it should also be noted that another alphabetic decision
experiment, identical to Experiment 1 except for the fact
that nonletters were visually similar to real letters (i,
pseudoletters), replicated all the principal aspects of the
results of Experiment 1. However, no effect of NI primes on
error rates occurred in that experiment. The weakness,
ambiguity, and unreliability of the effect of NI primes on
error rates casts doubt on the interpretative value of this
observation.

Another, more straightforward letter-specific priming ef-
fect observed in Experiment 1 is a facilitation of response
times with PI relative to DI primes. If we attempt to con-
sider this effect in terms of its components, one possible
assumption is that PI primes activate both visual and nom-
inal representations that are compatible with the target.
These two separate kinds of prior activation would then
facilitate the processing of the target when it is presented.
Contrary to this assumption however, we find that even if
the combined physical and nominal compatibility between
prime and target in the PI condition leads to notable bene-
fits, neither the physical (SIM primes) nor name (NI primes)
compatibility between the prime and the target, in isolation,
results in any response time improvement over DI primes.

The absence of clear and unequivocal NI priming in
Experiment 1 suggests that abstract letter encoding did not
contribute to performance in the alphabetic decision task.
This is congruent with the reservations we presented in the
introduction about the results of Jacobs and Grainger (1991)
with NI primes. It was indicated at that point that the
facilitatory effect of NI primes they observed on response
times could be explained by the visual similarity of some
prime—target pairs in their first experiment and by response
priming in their third experiment. These alternative ac-
counts are supported by the fact that, when factors related to
prime—target similarity and response priming are controlled
in assessing the effect of NI primes, as in the present
experiment, these primes do not lead to a reduction of
response times.

These observations suggest that, to classify targets, par-
ticipants attended representations of knowledge about letter
shapes (i.e., letter-token representations). As stated in the

introduction, these representations are tied to specific letter
shapes so that items that are nominally identical but phys-
jcally different (e.g., a~A) are represented as separate units.
A second and related implication of the lack of abstract
letter encoding in Experiment 1 concerns theories of how
the letter recognition system derives abstract letter identity -
codes. Indeed, following the generation hypothesis pro-
posed by Boles (1986, 1992; Boles & Eveland, 1983), the
only letter representations to which normal readers have
access are those of letter tokens. Under this view, abstrac-
tion in letter recognition is achieved by the fast and auto-
matic generation of the different visual forms that can be
used to represent a particular letter identity. If this kind of
generation process had occurred in Experiment 1 however,
a clear NI priming effect should have been observed in the
response time data. Thus, the presentation of an NI prime
would have led to the internal generation of a visual code
corresponding to the subsequent target and therefore to a
reduction in the time required to classify it. This, apparently,
did not happen in Experiment 1—the only evidence for
generation in Experiment 1 is the effect of NI primes on
error rates; this effect was weak and difficult to replicate
however, and its interpretation was obscured by the lack of
PI priming on error rates. It seems then that the results from
the alphabetic decision task reported here do not support the
particular version of the generation theory where this pro-
cess is mandatory (i.e., automatic). In contrast, the theory
according to which abstraction in letter recognition is
achieved by contacting letter-type representations—abstract
orthographic units (Besner et al,, 1984; Coltheart, 1981;
Mozer, 1989; Rynard & Besner, 1987)—is not contradicted
by the results of Experiment 1. Under this theory, letter
types are considered as a level of representation that is

. separate from that of letter tokens. The fact that participants

seem to have opted to monitor the activation of letter tokens
as a basis for response selection in Experiment 1 does not
have any implication as to the possible existence of letter-
type representations.

To summarize, the lack of clear evidence for NI priming
in the letter and nonletter classification task suggests that
the activation monitored by participants to make a decision
on the target was that of letter tokens. In addition, it seems
that generation of the opposite-case version of the prime
letter did not occur. Taken in conjunction with the response
priming evidence discussed earlier, it appears that, to per-
form the alphabetic decision task, participants attended to
letter-token representations through a response selection
process assessing the activation occurring within those rep-
resentations while neglecting the particular identity of the
units that were activated.

From the discussion presented above, we may conclude
that the only source for the response time benefits observed
with PI primes is the visual compatibility between the prime
and target. If this is so, however, one remaining question
concerns the absence of a facilitatory effect of SIM primes
in Experiment 1. Indeed, this prime category is also phys-
ically compatible with the target, although to a lesser degree
than PI primes. With respect to the effect of SIM primes,
Jacobs and Grainger (1991) have shown that these do lead
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to shorter classification times of letter targets than DI
primes (see their Experiment 2). Why did we fail to repli-
cate this effect in the present experiment?

One explanation that may be readily rejected is that the
lack of SIM priming results from an inherent insensitivity of
the procedure used in Experiment 1 to priming effects.
Indeed, massive response priming effects have been ob-
served, as well as large benefits from PI primes over DI
primes. Clearly then, the results of the present experiment
were affected by priming.

Another explanation for the discrepancy between the re-
sults of Experiment 1 and those of Jacobs and Grainger
(1991) on the effect of SIM primes is a difference between
experiments in the duration of the mask that followed the
primes. Thus, while this duration was of 20 ms in the Jacobs
and Grainger (1991) experiment, the mask duration used
here was of 33 ms. Because the benefit from SIM primes
over DI primes found by Jacobs and Grainger was rather
small, it may be that the longer mask duration used here was
sufficient to eliminate it entirely. This explanation is dis-
cussed further below. In particular, the connectionist simu-
lations show that the presence or absence of benefits from
SIM priming in the alphabetic decision task is not a funda-
mental issue for the main concerns of the present article and
that very weak variations in a parameter corresponding to
mask strength can affect the occurrence of this effect.

Experiment 2

The evidence gathered in Experiment 1 suggests that
response selection in the alphabetic classification task is
performed through the monitoring of letter units in a way
that is not affected by the particular identity to which the
activated representation corresponds. In particular, under
this assumption, the facilitation of a letter response follow-
ing exposure to a letter prime, whatever its physical or
nominal relationship with the target that followed, could be
explained in a straightforward manner. As indicated in the
introduction, one main purpose of the present report is to
distinguish between the response selection mechanisms in-
volved in classification and absolute identification para-
digms. For this purpose, Experiment 2 used a letter naming
task. In most respects, the general procedure and priming
conditions were the same as in Experiment 1.

Method

Participants. The participants were the same as those who
served in Experiment 1.

Stimuli and materials. Materials were the same as those used in
Experiment 1. In addition, a microphone, linked to the computer,
was used as a voice-key to register the naming response that was
required from participants on each trial. After the participant’s
verbal response, the experimenter recorded it via the keyboard and
then pressed a key to initiate the next trial.

All targets were uppercase letters. The set of stimuli used as
targets was made of the same 20 uppercase letters that were used
in Experiment 1. The same lowercase primes that served in Ex-
periment 1 were used again in the present experiment. An asterisk
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was used as a neutral prime and the stimulus that served as a mask
in Experiment 1 (checkerboard) served again here. All stimuli
were presented at the center of the display screen.

Procedure. Almost the same priming conditions as those used
with letter targets in the previous experiment were studied in
Experiment 2. The exceptions were that an asterisk served as a
neutral prime and that there was no condition where a blank
character was used as a prime. Thus, the priming conditions in
Experiment 2 were physically identical (PI), nominally identical
but physically different (NI), physically similar but nominally
different (SIM), physically and nominally different (DI), and neu-
tral (NE). A set of filler trials was also used, where the prime was
a lowercase letter and the target an uppercase letter with a different
name. This was done because the only other condition in which
lowercase primes were used was the NI condition, where the prime
had the same name as the subsequent target. If no filler trials had
been used, those lowercase primes could have led participants to
predict the naming response that had to be given to the target and
thus artifactually inflate the benefits of NI priming. The constraints
as to the stimuli that could be used as prime or target in the
different priming conditions of Experiment 2 were the same as
those applied for letter targets in Experiment 1.

The course of a trial was identical to that of Experiment 1,
except that the response required of participants was to name the
target.

The experimental design comprised 20 conditions, with the
effect of five prime categories (PI, NI, SIM, DI, and NE) examined
at four different prime durations (50, 100, 150, and 200 ms). The
complete experiment consisted of a series of eight blocks made of
120 trials each, and each participant was tested over a period of 2
to 4 days. In each block, five trials in each condition were distrib-
uted randomly, along with five filler trials for each prime duration.
Participants were instructed to name the target as rapidly as pos-
sible while avoiding errors. The main dependent variable was
response time. The voice-key used to register responses failed to
trigger on 1.0% of the trials. Those trials were not included in the

data analyses.

Results

The average correct response times and error rates ob-
served in Experiment 2 are illustrated in Figures 5 and 6,
respectively. The correlation between average response
times and error rates across conditions was positive (0.49,
p < .05), thus indicating the absence of a speed-accuracy
trade-off.

The results of Experiment 2 were markedly different from
those observed in the alphabetic decision task. With respect
to response priming, no effect was observed on the response
time data. Thus, primes associated with a response that was
different from the target name (DI primes) led to response
times that were either shorter or the same as an NE prime.
However, error rates were higher with DI than NE primes.
In addition, large facilitatory effects of PI and NI primes
were found on response times relative to the NE condition.
Finally, primes that were physically similar to the target but
with a different identity (SIM primes) resulted in signifi-
cantly longer response times and larger error rates than the
neutral prime condition. Details of the data analyses are
reported below.

A two-factor ANOVA was applied on the correct re-
sponse times of Experiment 2. It showed main effects of
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Figure 5. Average correct response times in letter naming in
Experiment 2. NE = neutral; DI = different; SIM = similar; NI =
nominally identical; PI = physically identical. Prime duration is
expressed in milliseconds.

prime category, F(4, 16) = 339, p < .00}, and prime
duration, F(3, 12) = 6.0, p < .01, as well as a Prime
Category X Prime Duration interaction, F(12, 48) = 3.4,
p < .005. The main effect of duration indicated a reduction
of response times with increases in the duration of the
prime. Simple effects of the interaction indicated significant
priming effects at each duration: 50 ms, F(4, 16) = 12.3,p
< .001; 100 ms, F(4, 16) = 17.5,p < .001; 150 ms, F(4,
16) = 27.9, p < .001; 200 ms, F(4, 16) = 16.5, p < .00L.

The fact that the response required from participants in
Experiments 2 was naming, the degree to which the effects
of response priming and of letter-specific priming (i.e., of
physical and name compatibility between prime and target)
may be isolated is not as complete as for a classification task
such as Experiment 1. In the event that response priming
was a factor in Experiment 2, we should expect response
times to be longer with DI primes, where the prime had a
name different from that of the target, than with an NE
prime. This is therefore the comparison that was performed
to assess the occurrence of a response priming effect. In
contrast to Experiment 1 however, the DI condition cannot
really be used as a baseline to examine the effects of shape
and name compatibility between prime and target. Indeed, if
response priming occurred in Experiment 2, the use of such
a baseline would artificially inflate any facilitatory effect of
letter-specific priming—the results of Proctor (1981), cited
in the introduction, verify this possibility. For this reason, it
appeared more appropriate to use the NE condition as a
baseline against which to compare the results with PI, NI,
and SIM primes.

Contrary to the results of the previous experiment, no
evidence for a response priming effect on response times
was seen in Experiment 2. As indicated above, if any
response priming were to occur, response times to targets
preceded by DI primes should be longer than to those
preceded by an NE prime. In fact, the opposite result was
seen at a prime duration of 50 ms, where response times

- with DI primes were shorter than with an NE prime, #(4) =

5.1, p < .01. No difference in response times between the
DI and NE conditions were seen at longer prime durations:
100 ms, #4) = 0.6, ns; 150 ms, #4) = 0.1, ns; 200 ms,
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#(4) = 0.8, ns. Clear evidence for letter-specific priming was
observed in Experiment 2 however. Most evident, PI primes
resulted in shorter response times than NE primes at all
durations: 50 ms, #4) = 6.7,p < .01; 100 ms, #(4) = 6.6,
p < .01; 150 ms, #(4) = 5.5, p < .01; 200 ms, #(4) = 4.1,
p < .0l1. Facilitation was also obtained with NI primes, -
which resulted in significantly shorter response times than
an NE prime at all durations: 50 ms, 1(4) = 3.3, p <.05; 100
ms, #(4) = 3.9, p < .01; 150 ms, (4) = 4.9, p < .01; 200
ms, K4) = 3.7, p < .05. Finally, pairwise comparisons
revealed a significant inhibitory effect of SIM primes rela-
tive to an NE prime at durations of 100 and 150 ms: 100 ms,
1(4) = 4.4, p < .01; 150 ms, 14) = 3.0, p < .05.

The ANOVA applied on error rates showed main effects
of prime category, F(4, 16) = 7.3, p < .005, and of prime
duration, F(3, 12) = 5.2, p < .05, along with an interaction
between those factors, F(12, 48) = 2.1, p < .05. The main
effect of duration indicated an increase in error rates with
increasing prime duration. Simple effects of the interaction
indicated significant priming effects at durations of 100 ms
or longer: 100 ms, F(4, 16) = 3.6, p < .05; 150 ms, F(4, 16)
= 5.3, p < .01; 200 ms, F(4,16) = 52,p < .01.

The pairwise comparisons done in order to specify the
nature of priming effects at duration of 100, 150, and 200
ms were performed following the procedure used for the
analysis of response times. Response priming was evident in
the outcome of those comparisons. Thus, error rates with DI
primes were higher than with an NE prime at durations of
100 ms or longer: 100 ms, 4 =21,p< .05; 150 ms,
1(4) = 24, p < .05; 200 ms, #4) = 2.3, p < .05. Results
also showed that error rates to targets preceded by SIM
primes were larger than to targets preceded by an NE prime
at durations of 150 and 200 ms: 150 ms, {4) = 2.6,p < .05;

© 200 ms, #(4) = 2.2, p < .05.

Discussion

One striking feature of the response time results of Ex-
periment 2 is the marked difference between the pattemn of
priming effects observed here, in a letter naming task (Fig-
ure 5), and those seen with letter targets in Experiment 1,
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Figure 6. Average error rates in letter naming in Experiment 2.
NE = neutral; DI = different; SIM = similar; NI = nominally
identical; PI = physically identical. Prime duration is expressed in
milliseconds.
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where the task was one of letter versus nonletter classifica-
tion (Figure 1). Because the general aspects of the procedure
and the priming conditions used in Experiment 2 were
practically identical to those of the previous experiment,
those differences in priming patterns can only be attributed
to the difference in the task that participants had to perform
on the target.

Contrary to the alphabetic decision task (Experiment 1),
no evidence for response priming was observed on response
times in letter naming. Thus, with DI primes, which were
associated to a response different from that associated to the
target, response times were about the same as those with an
NE prime. The only response time difference that occurred
between those conditions (with a prime duration of 50 ms)
was weak and it was in a direction opposite to that expected
from priming of the response stage. By inference, because
naming the target is a clear sign that it has been explicitly
identified, what the results with DI primes mean is that the
identification of the target is not delayed by the prior pro-
cessing of a letter that is both physically and nominally
different. Nevertheless, there is clear indication that DI
primes had an effect on the state of the representation
system on which performance was based. Indeed, more
errors were observed in this condition than with an NE
prime when duration was of 100 ms or more. Taken in
conjunction, the response time and error data in the DI
condition suggest that, at long prime durations, participants
had a tendency to name the DI prime but when they resisted
doing so, the time to identify the target was not affected. In
support of this fast-trigger hypothesis, we find that with DI
primes of 100 ms or longer (no error was made with 50-ms
DI primes), error response times were 62 ms shorter than
correct response times.

Again contrary to the results of the alphabetic decision
task of Experiment 1, response times in the naming task
appeared very susceptible to letter-specific priming effects.
One interesting case involves NI primes. As can be seen in
Figure 5, the benefits of NI priming were rather large and
were comparable in magnitude to the facilitation obtained
with PI primes at durations of 150 and 200 ms. The benefits
observed with NI primes are explained by an abstraction
process through which the information about the shape of
the stimulus is, in some way, filtered out from the repre-
sentation derived by the letter recognition system. With this
abstraction process, an NI prime can activate the same
representation as that on which the identification of the
target is based, thus reducing response times.

Two rival accounts for the abstraction process responsible
for N1 priming can be proposed; the generation of a visual
representation of the target or the access to letter-type
representations. As indicated in the discussion of the alpha-
betic decision experiment, the evidence suggests that gen-
eration did not occur in that task. This is incongruent with
the assumption that the process of opposite-case generation
is automatic (i.e., mandatory) and thus calls for a modifi-
cation of the generation theory. It seems this modification
would be somewhat contrived, however, because it would
need to explain not only why generation did not occur in
alphabetic decision but also why it did occur in letter
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naming. An account of the discrepant effect of NI primes in
alphabetic decision and letter naming appears to follow
more naturally from the letter-type hypothesis. Under this
view, two separate levels of letter representation are as-
sumed, that of letter tokens, which are tied to a particular
letter shape, and that of letter types, which do not code
stimulus shape but only orthographic identity. Depending
on the task, it may be proposed that participants can opt to
base their response on the activation of letter tokens or on_
that of letter types. The choice of level of representation as
a basis for response selection may be determined by the
speed with which either can provide a solution to the task.
In the case of the alphabetic decision task, the question
participants have to answer is whether the target is known as
being a letter. Access to letter-shape representations appears
sufficient to answer this question and it seems reasonable to
assume that this access occurs more rapidly than that to
letter types (cf. PI-NI discrepancy in letter matching, Pos-
ner & Mitchell, 1967). In contrast, in letter naming, the
production of a response eventually requires access to pho-
nological representations of letter names. It is conceivable
that letter types may have a privileged access to these
phonological representations. If this were the case, a solu-
tion to the letter naming task would be provided more
quickly by the letter-type level of representation.

One last important feature of the results of Experiment 2
is that if the prime was physically similar to the target but
had a different name (SIM prime), an increase of response
times was observed relative to an NE prime at durations of
100 and 150 ms. This inhibitory effect can hardly be ac-
counted for by the hypothesis of response priming because,
as mentioned earlier, response times with DI primes showed
no evidence for such an effect. Clearly, the reason why SIM

. primes did not result in a reduction of response times is

because their identity was different from that of the target.
This lack of facilitation from SIM primes had been pre-
dicted (see introduction) from the hypothesis that response
selection in absolute letter identification rests on the con-
trast between the activation of the target representation and
that of other, competing representations. As well, the pos-
sibility of longer response times with SIM primes than with
DI or NE primes had been considered. It appears that the
reason for this inhibitory effect of SIM primes is the struc-
tural overlap between the prime and the target because DI
primes, which differ from the target both in shape and in
name, did not result in such an effect. One account for this
result is based on the hypotheses that participants actually
derive a signal-to-noise ratio of the activations of letter units
to perform the absolute identification (i.e., naming) task and
that the activation function of letter identities is somewhat
noisy. That is, a letter stimulus will tend to activate not only
its own representation but also, to a lesser degree, those of
letters that are physically similar to it.

Consider for instance what may occur during a trial in
which a SIM prime is used. In this case, the letter unit
activated by the prime differs from that corresponding to the
target. Presumably, a notable degree of activation of the
prime’s unit is gathered while this stimulus is presented.
Given the hypothesis that the activation of letter represen-
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tations is more or less noisy, what may happen at target
onset is that some proportion of the activation that results
from exposure to the target leaks to the representation that
corresponds to the SIM prime, and thus maintains a higher
activation level than if the prime had been visually different
from the target. If this were the case, the level of back-
ground noise against which the activation of the target
representation is assessed would be greater with a SIM
prime than with a DI prime. Provided that reaching a
sufficient signal-to-noise ratio is the basis for absolute iden-
tification of the target and therefore for its paming, this
increased background noise should result in an increase in
the time required to respond to the target. Congruent with
this interpretation as to the increase of background noise
with SIM primes, the error rate data has shown a substantial
number of erroneous responses in this condition. Of course,
these errors may partially be attributed to a response prim-
ing effect similar to that observed on error rates in the DI
condition. However, there is no reason to believe that a
response priming effect on error rates should be larger with
SIM than with DI primes. Still, errors were much more
frequent in the former condition (see Figure 6). A difference
in the amount of background noise activity produced by
these two kinds of primes appears as a likely explanation for
the increased error rates with SIM primes.

Experiment 3

The two previous experiments have provided evidence for
distinct response selection mechanisms in letter classifica-
tion and absolute identification tasks. Thus, as anticipated
from the task analysis presented in the introduction, the
effect of SIM primes differed markedly between the two
tasks. However, the observations presented thus far have
left the issue of the origin of abstract letter identity (NI)
priming in the letter naming task—and of its absence in the
alphabetic decision task—partially unresolved.

On the one hand, although the hypothesis of a distinction
between letter-token and letter-type representations ap-
peared better suited to account for the available data, the
difficulties pointed out for the generation hypothesis may
not be unsurmountable because they only seem to concern
the mandatory aspect of the assumed generation process. It
is not clear what sort of priming condition could be used in
the context of a letter naming task in which each theory
would provide unambiguously distinct predictions (see also
Boles, 1992, on this question). However, there exists one
condition for which the generation hypothesis clearly pre-
dicts an inhibitory priming effect, whereas this prediction is
not as straightforward for the letter-type hypothesis. This
condition is one in which the opposite-case version of the
prime displayed is visually similar to the subsequent target
(e.g., prime = e; target = F). This condition is called
generation—similar (GEN-SIM), that is, the opposite-case
letter-shape representation, which may be generated from
the prime is physically similar to the target. Under the
generation hypothesis, the effect of GEN-SIM primes in a
letter naming task should be the same as that of SIM primes

(i.e., inhibitory). In fact, possibly the strongest support for
the hypothesis of opposite-case generation originates pre-
cisely from the use of such a GEN-SIM condition in a task
in which opposite-case letter pairs were matched on their
name identity. Thus, it has been shown (Boles & Eveland,
1983) that responding that the letters e and F were nomi-
nally different took longer than the same response to the -
letters a and F. Boles and Eveland (1983) proposed that this
kind of interference from GEN-SIM pairs would result
from the generation, in the case of the e-F pair, of the
uppercase E, which is visually similar to F. In comparison,
the generated uppercase A with the a—F pair is visually
different from F. Although Boles (1992) indicated that the
letter-type hypothesis can also explain the interference ef-
fect of GEN—SIM letter pairs in name matching, the account
appears more convoluted. In Experiment 3, where we again
used the letter naming task, GEN-SIM primes were studied.
The lack of inhibition from these primes would constitute a
strong argument against the generation hypothesis. Con-
versely, it seems that the occurrence of an inhibitory effect
in this condition is somewhat challenging for a letter-type
theory because it does not involve any specific mechanism
that can be directly responsible for such a result.

On the other hand, one important point that should be
noted is that our explanation of NI priming in Experiment 2
has implicitly assumed that phonological representations of
letter names were not involved in the abstract priming effect
observed, although we recognized that such a representation
system is ultimately required to produce the letter naming
response. The assumption that phonological representations
of letter names do not contribute to NI priming in the letter
naming task needs to be verified, however. A new condition
in Experiment 3 is one in which the name of a letter prime

" is phonologically similar (PHON-SIM) to that of the target.

.

If phonological priming is responsible for the facilitatory
effect of NI primes, PHON-SIM primes should have a
significant effect on performance. Conversely, if no effect
of PHON-SIM primes is observed, it would imply that the
derivation of a phonological code does not contribute to
priming.

Method

Participants. Five participants with prior experience in reading
experiments were tested. Their ages ranged between 20 and 29
years, and all were right-handed.

Stimuli and materials. Materials were the same as those used in
Experiment 2. The set of stimuli from which primes and targets
were selected was also the same as in the previous experiment,
except that, in addition, the lowercase letters f, ¢, 1, o, p, and i could
serve as primes. The masking stimulus used in the previous ex-
periments served again in Experiment 3. All stimuli were pre-
sented at the center of the display screen.

Procedure. The NI, DI, and NE priming conditions used in
Experiment 2 served again in Experiment 3. The prime—target
pairs in these conditions were the same as in the previous exper-
iment, with the exception of two pairs in the DI condition. In the
previous experiments, the DI condition included the N-O and S-F
prime—target pairs. We realized however that the letter names S
and F were phonologically similar (see below). Therefore, in
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Experiment 3, the N-O and S-F pairs were replaced by S-O and
N-F in the DI condition. The GEN/SIM condition was made up of
the following prime—target pairs: g-C, f-E, e-F, ¢-G, t-1, ¢-O,
1-P, 0-Q, p-R, and i-T. According to the letter similarity matrix
published by Boles and Clifford (1989), the veridical similarity of
the prime-target pairs in the GEN-SIM condition was somewhat
lower than in the DI condition (average similarity values of 215
and 230, respectively). However, relative to the target, the simi-
larity of the opposite-case letter that could be generated from the
prime in the GEN-SIM condition was notably higher than the
veridical similarity of the prime—target pairs in the DI condition
(average similarity values of 348 and 230, respectively; Boles &
Clifford, 1989). The other new priming condition used in Exper-
iment 3 was one in which the names of the prime and target letters
differed on only one phonological feature (Chomsky & Halle,
1968; PHON-SIM condition). Four such pairs were found; they
were P-B, T-D, S-F, and N-M. In the PHON-SIM condition, any
of these letters could serve as the prime while the letter phono-
logically similar to it served as the target. The course of a trial was
identical to that of Experiment 2.

The experimental design included 20 conditions, with the effect
of five prime categories (NI, DI, GEN-SIM, PHON-SIM, and NE)
tested at four different prime durations (50, 100, 150, and 200 ms).
The experiment was run in four separate blocks of 200 trials each.
In each block, 10 trials were run for each Prime X Duration
combination. Participants were instructed to name the target as
rapidly as possible while avoiding errors. The main dependent
variable was response time. The voice-key used to register re-
sponses failed to trigger on 1.0% of the trials. These trials were not
included in the data analyses.

Results

The average correct response times and error rates ob-
served in Experiment 3 are shown in Figures 7 and 8,
respectively. The correlation between average response
times and error rates across conditions was nonsignificant
and positive, which indicated the absence of a speed-
accuracy trade-off.

In summary, the main results of Experiment 3 indicated
that DI primes led to response times that either did not differ
from those with an NE prime or were shorter. Facilitation of
response times was observed with NI primes, but PHON-
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Figure 7. Average correct response times in letter naming in
Experiment 3. NE = neutral; DI = different; GEN/SIM = gen-
eration—similar; PHON/SIM = phonologically similar; NI = nom-
inally identical. Prime duration is expressed in milliseconds.
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Figure 8. Average error rates in letter naming in Experiment 3.
NE = neutral; DI = different; GEN/SIM = generation—similar;
PHON/SIM = phonologically similar; NI = nominally identical.
Prime duration is expressed in milliseconds.

SIM primes showed no effect on performance. Finally,
relative to an NE prime, GEN-SIM primes did not result in
any significant inhibitory effect. However, response times
tended to be longer with GEN-SIM than with DI primes.
Details of the data analyses are reported below.

The two-factor ANOVA applied on the correct response
times of Experiment 3 showed main effects of prime cate-
gory, F(4, 16) = 10.4, p < .001, and prime duration, F(3,
12) = 11.8, p < .001, and an interaction of those factors,
F(12, 48) = 4.3, p < .001. The main effect of duration
indicated a reduction of response times with increases in the
duration of the prime. Simple effects of the interaction
indicated significant priming effects at each duration: 50
ms, F(4, 16) = 5.8, p < .005; 100 ms, F(4, 16) = 85,p <
.001; 150 ms, F(4, 16) = 10.6, p < .001; 200 ms, F(4, 16)
= 10.2, p < .001. Decomposition of these simple effects
into pairwise comparisons proceeded in the same way as for
the data analyses of Experiment 2.

No evidence for response priming was seen on response
times in Experiment 3. Relative to an NE prime, response
times with DI primes had no effect at prime durations of 50
ms, #(4) = 1.6, ns, and 150 ms, #{4) = 1.9, ns, and resulted
in facilitation at prime durations of 100 ms, #(4) = 2.3,p <
.05, and 200 ms, #(4) = 5.7, p < .005. As indicated previ-
ously, response priming in letter naming would have re-
quired longer response times with DI than with NE primes.
Again, as in the previous experiment, NI primes led to
shorter response times than an NE prime at all durations: 50
ms, #4) = 2.6, p < .05; 100 ms, 1(4) = 4.2, p < .01; 150
ms, 1(4) = 6.2, p < .005; 200 ms, #(4) = 6.6, p < .005. In
contrast, the phonological similarity of the prime with the
target had no effect on performance. Thus, at all prime
durations, no significant difference was observed between
the response times with PHON-SIM and NE primes: 50 ms,
H4) = 1.4, ns; 100 ms, 1(4) = 1.8, ns; 150 ms, #(4) = 1.6,
ns; 200 ms, #(4) = 1.7, ns. Relative to an NE prime, no
significant inhibition was observed with GEN-SIM primes:
50 ms, #(4) = 2.1, ns; 100 ms, 1(4) = 1.6, ns; 150 ms, #(4) =
1.4, ns; 200 ms, 1(4) = 1.1, ns. It should be pointed out,
however, that response times were longer with GEN-SIM
than with DI primes at durations of 50, 150, and 200 ms: 50
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ms, #(4) = 3.1, p < .05; 150 ms, 1(4) = 2.3, p < .05; 200
ms, §4) = 2.8, p < .05. The difference did not reach
significance at a prime duration of 100 ms, H4) = 2.0.

An ANOVA applied on the error rates only indicated a
main effect of prime, F(4, 16) = 3.8, p < .05, with no effect
of duration, F(3, 12) = 1.9, ns, and no interaction, F(12, 48)
= 1.9, ns. Pairwise comparisons following the same scheme
as with the response times data only revealed a smaller error
rate with NI than with DI primes, #(4) = 2.9, p < .05. All
other differences, including that between the DI and NE
conditions that refers to response priming, failed to reach
significance.

Discussion

The results of Experiment 3 replicated the facilitatory
effect of NI primes observed in the previous experiment.
The priming of a phonological representation that corre-
sponds to the target cannot be a basis to account for this
effect of NI primes. Indeed, the failure of PHON/SIM
primes to significantly affect performance in Experiment 3
indicates that phonological representations are not involved
in the priming effects observed in the letter naming task. In
additional support for this conclusion, the lack of impact of
phonological priming was replicated in a separate experi-
ment, not reported here, where phonological similarity was
operationally defined by the acoustic confusability of
prime-target pairs as measured by Conrad’s (1964) empir-
ical confusion matrix. It can therefore be concluded that the
facilitatory effect of NI primes truly results from an abstrac-
tion process designed to recover the identity of letter stimuli
in a way that disregards information about letter shape.

GEN-SIM primes failed to produce a significant increase
of response times relative to an NE prime. The hypothesis
according to which abstraction in letter recognition is
achieved by the generation of the different visual forms
under which a given letter identity can be depicted clearly
predicted inhibition from GEN-SIM primes. It may there-
fore appear that the lack of GEN-SIM inhibition in Exper-
iment 3 is severely damaging to the generation hypothesis.
We point out, however, that although no significant differ-
ence is present, response times with GEN-SIM primes are
slightly longer than with an NE prime at all prime durations
(see Figure 7). In addition, to be able to firmly conclude that
GEN-SIM primes have no effect on performance, the re-
sponse times in this condition should not differ from those
observed with unrelated prime—target pairs (i.e., DI primes).
This last point is not verified because, as noted in the
preceding section, response times are significantly longer
with GEN-SIM than with DI primes at durations of 50, 150,
and 200 ms. The tentative conclusion that can be proposed
then is that GEN-SIM primes may actually result in the
same kind of inhibitory effect as the SIM primes used in
Experiment 2, but that this inhibition is markedly weaker
and therefore less evident. Our test of GEN-SIM primes
therefore failed to distinguish between the generation and
letter-type hypotheses. Although the former requires an
inhibitory effect of the GEN-SIM condition in a naming
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task, the latter can also account for the weak effect observed
here, as shown below (see also Boles, 1992).

Simulation of the Empirical Data

To provide formal support for our account for the priming -
effects in the alphabetic decision and naming tasks, we
conducted simulations that used a connectionist network.
One main purpose was to examine our proposals about the
different response selection mechanisms involved in classi-
fication and absolute identification tasks. The other was to
determine whether the presence or absence of a letter-shape
abstraction procedure can account for the difference be-
tween the two tasks on the occurrence of name identity (NI)
priming. The aim of the connectionist simulations, there-
fore, was to show that the hypotheses proposed to account
for our results can actually reproduce the qualitative fea-
tutes of the priming effects observed in alphabetic decision
and letter naming when implemented in a mechanistic sys-
tem.

The hypotheses presented above about response selection
and abstraction in letter processing are general and should
not be especially tied to a specific architecture for the letter
recognition system. The essential requirements for the
present tests about the architecture of a letter recognition
network are as follows:

1. Abstraction in letter recognition occurs—either via letter
types or generation. It is not mandatory however, in the
sense that access to letter representations is possible with-
out the explicit encoding of the orthographic equivalence
of letters with the same name but different shapes. These
assumptions seem required by the presence of NI priming
in letter naming and its absence in alphabetic decision.

2. Separate response selection mechanisms are available for
classification and absolute identification tasks. As stated
previously, it is assumed that a positive (i.e., letter) re-
sponse in alphabetic decision is triggered by the presence
of a sufficient level of activation within a set of represen-
tations specific to the positive stimulus set (i.e., letters).
By contrast, it was proposed that an absolute identifica-
tion response (i.e., naming) is triggered by a sufficient
signal from a particular letter representation over the
background noise created by the activation of competing
units.

3. The activation that results from exposure to a particular
letter within the letter recognition network can leak to
letter representations that are physically similar to the
stimulus actually presented. This assumption is not di-
rectly related to questions about how abstraction occurs in
letter recognition or about how response selection is per-
formed. It nevertheless appears necessary in light of the
facilitatory effect of SIM primes reported by Jacobs and
Grainger (1991) in alphabetic decision and the inhibition
produced by these primes in letter naming (Experiment
2).

It appears that the empirical observations reported here
have no additional implications about the organization of
the letter recognition system beyond these three points. In
other words, provided the three hypotheses that appear
critical to explain our letter priming data are implemented,
other aspects of the particular connectionist network used
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should be secondary. The present text focuses on the critical
aspects of the network used. Further details and technical
aspects of the simulations are reported in the Appendix.

The particular architecture chosen for the present simu-
lations was based on the letter-type hypothesis. The net-
work® was made of three separate levels of representation,
which are presented here in the same order as the processing
sequence in the network:

1. The feature level (30 units), through which inputs were
presented to the model.

2. The letter-token level (52 units), which represented spe-
cific instances of letter shapes and where the lowercase
and uppercase versions of a particular letter were encoded
separately.

3. The letter-type level (26 units), which served for the
abstract representation of orthographic identities in a way
that was independent of letter-shape.

Separate simulations were conducted where the activation
of letter tokens or that of letter types served as a basis for
responses. Note that no phonological representations of
letter names are implemented in this network and therefore
that it cannot serve as a model of speech production. Con-
nections existed only between consecutive levels and were
feedforward only. An attempt was made to implement a
network based on the generation hypothesis as the source of
abstraction in letter recognition. In spite of the apparent
simplicity of the generation hypothesis, difficulties (de-
scribed in the Appendix) were encountered in designing its
implementation. Potential solutions to these difficulties
were either impractical, difficult to justify theoretically, or
made the network indistinguishable from one implementing
a letter-type model. No data is therefore presented from
simulations using a generation network.

To the connectionist network used, a response-selection
module was added. For the alphabetic decision task, the
function of the response module was to establish whether a
letter response should be emitted. Essentially, over time
cycles, the module accumulated strength for a letter re-
sponse from the activation of the most active unit among the
set of letter representations constituting a given level of
representation (letter tokens or letter types), without regard
to the particular identity to which the unit corresponded.
This integration procedure takes into account the activation
history of letter representations and is global, or holistic,
because the response module makes no explicit encoding of
the specific unit from which the strength of a letter response
is gathered. A letter response was emitted once its accumu-
lated strength exceeded a fixed criterion. For the absolute
identification task, the function of the response module was
to establish which of the letter units should serve as a basis
for the response. Over time cycles, it integrated separately
the activation of each of the individual letter units it mon-
itored (letter tokens or letter types). On each time cycle, it
established the ratio of the integrated activation of the most
active unit over the summed activation of all the units
constituting the particular level of representation monitored.
The version of the signal-to-noise statistic used is largely
inspired from the choice model of Luce (1959, 1977) and
has been previously used by McClelland and Rumelhart
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(1981). Once the signal-to-noise ratio exceeded a fixed
criterion, an identification response was produced, which
corresponded to the most active letter unit.

The priming conditions tested for both the alphabetic
decision and letter naming simulations included the follow-
ing prime—target relationships: physically identical (PI),

nominally identical but physically different (NI), physically --

similar but nominally different (SIM), both nominally and
physically different (DI), and neutral (NE; a blank stimu-
lus). In addition to those conditions, primes that were nom-
inally and physically different from the target, but where the
opposite-case version of the prime was visually similar to
the target (GEN-SIM; e.g., d-B) were tested in the letter
naming simulations. A fixed set of six uppercase letters
served as targets in each condition.

Inasmuch as the parameters used to define the operation
of the network rendered it capable to complete the task, NI
primes consistently resulted in a marked facilitatory effect if
the level of representation monitored by the response selec-
tion module was that of letter types. This result was true
whether the response module was set to perform an alpha-
betic decision or an absolute identification on the target.
This follows from the fact that two letters with the same
orthographic identity but different shapes are encoded, at
the level of letter types, by the same unit. Thus, even though
it is physically different from the subsequent target, an NI
prime will activate the same letter-type unit as the target and
therefore facilitate its processing. In contrast, the response
times produced by the network with NI primes did not differ
from those obtained with DI primes if the level of repre-
sentation being monitored for response production was that
of letter tokens. This is because whatever their nominal
relationship with the target, primes that are not physically
identical to the target will activate a token unit different
from that of the target. These observations support’ our
account for the lack of NI priming in the alphabetic decision
experiment (Experiment 1) and for its occurrence in letter
naming (Experiments 2 and 3). That is, abstraction of letter-
shape information occurs in letter recognition and if the
level of representation monitored for response selection is
one where abstraction has taken place (here, the letter-type
units), NI priming will be observed, as was the case in the
letter naming experiments (Experiments 2 and 3). Con-
versely, letter representations can be accessed without the
explicit encoding of the orthographic equivalence of letters
that share the same name but are physically different. This
latter set of representations is embodied here by the letter
tokens. If the activation of these representations is moni-
tored for response production, no NI priming will occur, as
in the alphabetic decision task (Experiment 1).

Table 1 presents the letter priming results obtained with
the alphabetic decision mechanism monitoring letter tokens
and with the absolute identification mechanism monitoring
letter types. Both experiments were conducted using exactly
the same set of network parameters and the same set of
stimuli. The prime duration in those experiments was of 12

3 The program used is available on request from Martin Arguin.
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Table 1

Average Response Times (in Number of Cycles) in
Simulations of the Alphabetic Decision and Letter-Naming
Tasks

Task
Prime Alphabetic decision Letter naming
Neutral 36.0 38.0
Different 33.0 38.0
Similar 33.0 40.7
Nominally identical 33.0 29.7
Physically identical 31.0 28.0
Generation—similar — 39.0

Note. Both simulations were run with exactly the same network
parameters. Dash indicates data not available.

processing cycles. The only effect of prime duration in the
simulations was on the magnitude of priming effects, which
grew with an increase of prime duration. As can be noted by
comparing the results in Table 1 to those in Figures 1, 5, and
7, the main qualitative features of the empirical priming
effects in alphabetic decision (Experiment 1) and letter
naming (Experiments 2 and 3) were replicated by the sim-
ulations. This statement is true for a rather wide range of
parameters for the weights of connections between units.
The particular conditions in which network parameters have
a qualitative effect on priming are noted in the following
discussion.

The main feature of the alphabetic decision data (Exper-
iment 1), which suggested that the classification of an item
as being a letter was based on the nonselective (i.e., global)
monitoring of the activation of a set of representations
specific to letters, was that any letter prime, whatever its
physical or nominal relationship with the target, resulted in
facilitation relative to an NE prime. This result was repli-
cated by the alphabetic decision response mechanism de-
scribed above. Thus, facilitation relative to an NE prime
was observed with any prime that is a letter. This result is
because the strength of a letter response starts accumulating
from the onset of a letter prime (i.c., before the onset of the
target). This leads to a decrease in the time required to reach
the criterion for a letter response in comparison to an NE
prime, which has no effect on the state of the response
selection module. In addition, by virtue of the fact that a PI
prime activates the same unit as the target, additional facil-
itation was observed in this condition relative to DI primes.
In contrast, because the alphabetic decision simulation was
conducted by monitoring the activation of letter tokens for
response production, no difference was found between the
results in the NI and DI conditions.

The alphabetic decision results presented in Table 1 in-
dicate no difference between the effects of SIM and of DI
primes. However, facilitation from SIM primes over DI
primes may occur with a slight reduction of the parameters
corresponding to mask strength or to the inhibitory effect of
the activation of features incompatible with a particular
letter token.® In both cases, the effect of the parameter
change was an increase in the duration with which the
strength of a letter response was gathered from an SIM
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prime (i.e., before the activation of the target unit became
higher) in comparison with that gathered from a DI prime.
This variation in the effect of SIM primes following small
parameter changes is congruent with the account presented
in the discussion of Experiment 1 for the discrepancy be-
tween the alphabetic decision results reported by Jacobs and
Grainger (1991) and those of Experiment 1. Recall that..
whereas Jacobs and Grainger reported shorter response
times with SIM than DI primes, no such difference was
observed in Experiment 1. This discrepancy was attributed
to a higher duration of the mask interposed between the
prime and the target in Experiment 1 (33 ms) in comparison
with the mask duration used by these authors (20 ms). In the
present simulations, a reduction of mask strength as small as
16% could change the effect of SIM primes from null to
facilitatory. As well, we emphasize that the presence or
absence of facilitation from SIM primes should not become
a fundamental issue relative to our interpretation of the
alphabetic decision results. Indeed, by keeping the same
response selection mechanism that monitors the same level
of letter representation, a facilitatory effect of SIM primes
may Or may not occur.

The principal feature of the letter naming results, which
suggested that the absolute identification of the target is
based on a signal-to-noise ratio measure, is the inhibitory
effect of SIM primes. The response selection mechanism
described above for the simulation of the absolute letter
identification task can reproduce this effect (see Table 1).
This result may be attributed to the larger degree of back-
ground noise activity against which the activation of the
target unit needs to be assessed when the prime is physically
similar (SIM) to the target than when it is physically dif-
ferent (DI). In turn, the higher degree of background noise

" activity with SIM primes is due to a leak of the activation

produced by exposure to the target onto the unit that cor-
responds to the prime. The inhibitory effect of SIM primes
in the letter naming simulations is less sensitive to varia-
tions in the parameters that were shown to determine the
occurrence of the facilitatory effect of these primes in the
simulations of the alphabetic decision task. The reason for
this is that, with the alphabetic decision response module,
the persistent activation of the unit that corresponds to a
SIM prime following target onset stops to affect the accu-
mulation of the strength of a letter response once the acti-
vation of another unit (i.e., target) becomes higher. In con-
trast, with the absolute identification module, the persistent
activation of the unit activated by an SIM prime increases
the level of background noise even when the activation of
the target unit is higher, hence the longer response times. As
can be seen in Table 1, these different properties of the
response selection mechanisms used here may result, with

4 This latter manipulation affects the degree to which exposure
to a given letter results in an activation that leaks to representations
of letters physically similar to the stimulus. The exact nature of the
manipulation is to change the ratio of strengths of activatory and
inhibitory connections from features to tokens. This was achieved
here by a modification of the strength of the inhibitory connec-
tions.
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the same network parameters, in a null effect of SIM primes
in alphabetic decision and in inhibition from these primes in
letter naming. As a general rule however, any manipulation
of the network parameters that results in an increased effect
of SIM primes in one task will also increase their effect, but
in the opposite direction, in the other task.

It can be noted as well that GEN-SIM primes also re-
sulted in an increase of response times (relative to NE
primes; see Table 1), although this increase was weaker than
that seen with SIM primes. These observations replicate the
empirical letter naming data reported above in which the
inhibition from SIM primes was significant (Experiment 2),
whereas the inhibitory effect of GEN-SIM primes was less
evident (Experiment 3). As with SIM primes, the increased
response times with GEN-SIM primes result from an in-
crease, relative to DI primes, in the level of background
poise activity against which the activation of the target unit
is assessed. Any manipulation of network parameters that
jeads to an increased inhibitory effect of SIM primes in the
letter naming simulations will also result in increased inhi-
bition from GEN-SIM primes. It is interesting to note that
the simulation of the inhibitory effect of GEN-SIM primes
was obtained here by using a network based on a letter-type
model, which does not implement any operation directly
aimed at producing this result.

Because the results from the letter naming simulation
reported in Table 1 were obtained with the response selec-
tion module monitoring the letter-type level, facilitation was
observed with NI primes. As indicated previously, this
follows from the fact that the letter-type unit activated by an
NI prime is the same as that on which response to the
subsequent target is based. Additional facilitation was ob-
served with PI primes. This originates from differences in
the effects of PI and NI primes on the activation of token
units. Thus, whereas an NI prime activates a token unit
different from that activated by the target, a PI prime
activates the same token unit as the target and therefore
accelerates its encoding.

General Discussion

One main goal of the work reported here was to test the
hypothesis that response selection processes differ between
letter versus nonletter classification and absolute letter iden-
tification tasks. Following a task analysis, it was proposed
that a decision as to whether a given stimulus is an alpha-
betic character may be based on the global monitoring of
activation within a set of representations that is specific to
letters. In contrast, it was supposed that absolute letter
identification requires not only a high enough level of
activation of letter representations but also a sufficient con-
trast between the strength of the target signal and the level
of background noise of competing representations.

To assess these possibilities, we compared the patterns of
priming effects in alphabetic decision and letter naming
tasks. The results have shown several differences in priming
effects as a function of task. These differences indicate a
distinction between the decision mechanisms contributing
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to those tasks and a distinction on the occurrence of a
process by which shape information is abstracted from the
letter representation derived.

Shape Abstraction in Letter Recognition

The letter naming results reported in Experiments 2and 3
have demonstrated that the letter recognition system is
capable of deriving a representation of orthographic identity
that disregards information about the visual shape of the
stimulus. Thus, in both experiments, primes that were phys-
ically different from the target but had the same name (NI)
resulted in substantial facilitation. This is, to our knowl-
edge, the first clear demonstration of abstract letter encod-
ing in a priming paradigm (see introduction). In addition,
Experiment 3 has shown that the abstraction of shape in-
formation does not occur merely by the access to phono-
logical representations of letter names. Indeed, names of
primes that were phonologically similar to those of the
targets (PHON-SIM) had no significant impact on letter
naming time, thus indicating that phonological processes
are not involved in the facilitatory effect of NI primes. This
is congruent with previous observations from the matching
paradigm, which have shown that the orthographic equiva-
lence of letters with different shapes but the same name can
be established without recourse to phonology (e.g., Boles &
Eveland, 1983; Rynard & Besner, 1987).

Interestingly however, the observations from Experiment
1 suggest that access to representations about letter knowl-
edge can occur without the abstraction of shape information
(i.e., without either generation or access to letter types).
Indeed, and contrary to the letter naming data, the results

" from the alphabetic decision experiment failed to show a

clear difference between the effect of NI primes and that of
primes that were both physically and nominally different
from the target (DI). The discrepant effect of NI primes in
alphabetic decision and letter naming can be explained in
either of two ways.

According to the hypothesis that abstraction in letter
recognition occurs by the internal generation of a visual
image of the opposite-case version of the stimulus, the lack
of NI priming in Experiment 1 needs to be explained by the
assumption that opposite-case generation does not occur in
alphabetic decision. The difficulty however, is that the
reason why generation would occur in the context of one
task and not in another remains unclear. If opposite-case
generation is to be maintained as an explanation of abstrac-
tion in letter recognition, it secems that an account of why
this process would be optional will need to be provided.

The challenge posed to the letter-type hypothesis by the
divergent effects of NI primes in alphabetic decision and
letter naming is of a different nature. According to this
view, abstraction of shape information is achieved by access
to letter-type representations, which encode orthographic
identity without regard to letter shape. This assumption is
compatible with the existence of a level of letter-token
representations, which would be shape specific, and whose
access would precede that to letter types. The simulations
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presented here were based on such a model, which embod-
ied separate levels of representation for letter tokens and
letter types. Following the letter-type account, the absence
of NI priming in alphabetic decision may be explained by
the assumption that the level of representation to which
participants attended to perform the classification was that
of letter tokens, where the lowercase and uppercase versions
of a letter are encoded separately. In contrast, the occur-
rence of NI priming in letter naming may be explained by
assuming that specification of the target identity was based
on the monitoring of letter types. It may be noted that the
assumption of a change in the level of representation serv-
ing as a basis for response as a function of task is congruent
with the observation initially made by Posner and Mitchell
(1967) that different representations—what they called the
“visual code” and the “name code”—seem to underly per-
formance with PI and NI letter pairs in name matching.
What remains to be explained however, is the reason why
the particular level of letter representation monitored varied
as a function of task in the present experiments.

One speculation that may be considered in future research
is that, for either task, what is occurring is a race between
the information gathered from the token and type levels of
representation and that whichever provides the solution first
serves as the basis for response. If the nature of the discrim-
inations that had to be performed in the alphabetic decision
task is considered, it seems sensible that a quick distinction
between letters and nonletters could be performed at the
level of token representations. In addition, it can be ex-
pected that access to letter tokens would be faster than that
to letter types if, as assumed in the simulations presented
here, the letter recognition system is organized hierarchi-
cally, with the encoding of letter tokens serving as the
access pathway to letter types. As for the letter naming task,
it is clear that it involved the use of phonological codes
corresponding to the letter names, even though it was shown
that such codes were not directly involved in the priming
effects. It is possible that letter types have privileged access
to these phonological codes, by opposition to token repre-
sentations. If this were so, letter naming responses would
normally be based on the activation of letter types and
would be sensitive to NI priming, as seen in Experiments 2
and 3.

One last important issue raised by the observation of
abstraction of shape properties in the visual recognition of
isolated letters concerns theories of reading. As indicated in
the introduction, visual word recognition seems to operate
on an abstract representation of the input, that is, a repre-
sentation that is not tied to the actual shape of the stimulus
(e.g., Adams, 1979; Allport, 1979; Carr et al., 1989; Evett &
Humphreys, 1981; McClelland, 1976; Pollatsek et al., 1975,
Segui & Grainger, 1990). A complete theory of reading
needs to explain how it is that orthographic content becomes
represented as separate from visual form. Initially, it was
proposed that this abstraction might possibly be achieved at
the stage responsible for the identification of the letters
constituting words, which is widely agreed on as a precursor
to orthographic lexical access (¢.g., Adams, 1979; Besner et
al., 1984; Coltheart et al., 1993; Johnston & McClelland,
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1980; McClelland, 1976; McClelland & Rumelhart, 1981;
Paap et al., 1982; Paap et al., 1984), with multiple letters
being analyzed in parallel. This conjecture that the stage of
letter recognition is the source of abstraction of shape in-
formation in reading finds support in observations such as
that of NI priming in Experiments 2 and 3. On this view, the
apparent indifference of the word recognition process to
stimulus shape would be explained by an access to lexical
orthographic knowledge based on the abstract orthographic
identities derived by the letter recognition stage. The more
general implication of this is that, beyond the stage of letter
recognition, the reading system would be unconcerned by
the visual properties of the stimulus. In other words, the
stage of letter recognition would mark the transition be-
tween a purely visual process operating on the surface
properties of the stimulus—here, shape—and a more sym-
bolic process that operates on abstract and linguistically
significant orthographic representations.

Response Selection Mechanisms

The experiments reported here have also shown that the
mechanisms responsible for response selection vary as a
function of the task that has to be performed.

In the alphabetic decision experiment, the results indi-
cated that any prime that is a letter leads to faster letter
responses than a neutral prime. It was proposed that this
kind of response priming occurs because the response se-
lection mechanism involved monitors the activation of letter
units without regard to the particular identities that these
units represent. Thus, the presentation of any letter as a
prime, whatever its physical or nominal relationship with
the subsequent target, biases the response selection mecha-
nism through the activation of a letter representation. Sim-
ulations of the alphabetic decision task that used a response
module whose properties were dictated by the account just
presented systematically resulted in response priming ef-
fects comparable to those observed in Experiment 1.

In contrast to the alphabetic decision task, only letter
primes that had the same name as the target produced
substantial response time benefits relative to a neutral prime
in letter naming. It was proposed that this specificity of
priming in letter identification results from a response se-
lection mechanism that is sensitive to the exact identity of
the representations that are monitored. This follows from
the fact that the naming task, contrary to alphabetic deci-
sion, not only requires knowledge that the target is a letter
but also knowledge of what letter is presented (i.e., only one
letter representation can serve as a basis for response). The
results of Experiment 2 have also given indications that the
response selection mechanism involved in the absolute
identification of letters is sensitive to the level of back-
ground noise within the representations competing with the
target for a response. Thus, when the identity of the prime
was distinct from that of the target, response times and error
rates were higher with primes physically similar to the
target than with primes that were different. This inhibitory
effect of SIM primes has been attributed to leakage of the
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activation produced by the target to representations of let-
ters that are physically similar to it. This leakage was
assumed to result in an increased level of background noise
against which the activation of the target unit is assessed in
the case of SIM primes relative to DI primes. A simulation
of the letter naming task where the operation of the response
module followed from the account just presented replicated
the main features of the empirical data of Experiments 2 and
3. Included in this replication is the weak inhibitory effect of
GEN-SIM primes (e.g., prime = d; target = B). As noted
above, this effect is explained in the same manner as the
inhibition resulting from SIM primes. That is, the level of
background noise against which the activation of the target
is assessed for response production is higher with GEN—
SIM primes than with DI primes.

As pointed out above, there is reason to believe that the
differences in the way the activation of letter representations
is monitored for response selection in the alphabetic deci-
sion and letter naming tasks follow directly from differences
in the nature of the information required for a correct
response. This distinction between classification and abso-
lute identification tasks as to the kind of information re-
quired to support an accurate performance may also extend
to the word processing domain.

Indeed, it may be speculated that a decision as to the
lexical status of a stimulus (i.e., word vs. nonword classi-
fication) may rest on the presence of a sufficient degree of
activation within a system that represents orthographic word
forms. In contrast, the absolute identification of words may
not only require sufficient activation of the target represen-
tation but also a sufficiently high signal-to-noise ratio. Al-
though we know of no direct test of this hypothesis, there
certainly is, in the literature on word processing, ample
evidence for a difference in the processes through which
lexical decision and absolute word identification tasks are
executed (Andrews, 1989; Balota & Chumbley, 1984;
Besner et al., 1984; Forster & Chambers, 1973; Frederiksen
& Kroll, 1976; McCann et al., 1988; Monsell et al., 1989;
Neely, 1991; Parkin et al., 1986; Seidenberg et al., 1984).
Part of the differences reported in the literature may relate to
the response selection procedures applied.

One set of data for which this distinction seems to apply
originates from the study of patients with brain damage and
pure alexia (see for instance Bub, Black, & Howell, 1989;
Coslett & Saffran, 1989; Shallice & Saffran, 1986). These
patients show a reading disorder in the absence of any other
linguistic impairment. When asked to name a word, their
response latencies increase in a more or less linear fashion

‘with the number of letters in the stimulus. This suggests that

reading in these patients proceeds through the sequential
identification of the individual letters constituting the string.
This is in sharp contrast with the word reading process in
neurologically intact participants where response times are
virtually independent of word length (e.g., Bub & Lewine,
1988; Schiepers, 1980).

Observations in some patients with pure alexia have
shown that they are able to determine the lexical status of a
letter string without being able to tell what the identity of
the item was (Coslett & Saffran, 1989; Shallice & Saffran,
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1986). Experiments with one such patient (D.M.) in our
laboratory have replicated this dissociation, but the obser-
vations also have provided clear evidence for a difference in
the processes by which lexical decision and word naming
tasks are performed (Bub & Arguin, 1995). Thus, although
a massive effect of the number of letters on response times
was found in word naming, this effect with the same set of*
words was about null in lexical decisions, which were also
performed much more rapidly. What this suggests is that
whereas lexical decision can be performed by direct access
to word representations in these patients, naming is exe-
cuted through an assembly process on the basis of the serial
identification of the individual letters. This dissociation
seems congruent with the hypotheses presented previously
as to the requirements of classification and explicit identi-
fication tasks. Thus, we suggest that the activation resulting
from lexical access is sufficient for patients with pure alexia
to determine whether the letter string presented is a word or
not. However, for reasons having to do with the effects of
brain damage, the contrast between signal and noise in
lexical activation may not be sufficient to determine the
identity of the item (see Arguin & Bub, 1993, for relevant
evidence). This would then force these patients to revert to
a letter-by-letter strategy when the absolute identification of
the target is required.

This support for our speculations concerning how repre-
sentation systems are monitored for response selection in
classification and identification tasks in domains other than
letter processing is only preliminary. Further work will be
necessary to determine whether the dissociation seen in
patients with pure alexia extends to the processes involved
in lexical decision and absolute word identification in neu-
rologically intact individuals.

Conclusions

To summarize, the observations reported here have
shown marked differences in the patterns of priming effects
as a function of the task participants had to perform on a
subsequent letter target. One important difference indicates
that the way the activation of letter representations is mon-
itored for response selection varies with task. Thus, letter
and nonletter classification can be performed by the global,
or nonselective monitoring of activation levels within a set
of representations that is specific to the positive stimulus set
(i.e., letters). In contrast, the absolute identification of letters
appears to require a sufficient signal-to-noise ratio in the
activation of letter representations. The other notable dif-
ference between alphabetic decision and letter naming tasks
is in the occurrence of facilitation from NI primes. This
discrepancy was interpreted as an indication that the letter
recognition system is capable of deriving an abstract ortho-
graphic code but that access to letter representations can be
achieved without this abstraction process. Support for these
interpretations has been provided through connectionist
simulations that formalized our account of the classification

and identification results.
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Appendix

Simulation Methods

The connectionist network used to conduct the simulations was
made of three separate levels of processing. The first, to which
inputs were presented, was the feature level (30 units). It included
the same set of oriented line detectors as the interactive activation
model (IAM) of McClelland and Rumelhart (1981). Also included
were two feature units that served as size markers and allowed a
discrimination of lowercase and uppercase letters with different
sizes but similar shapes (e.g., ¢ and C). All lowercase letters had
size features indicating a small stimulus and uppercase letters had
size features indicating a large item. The feature units projected
onto representations of specific visual instances of letters (ie.,
letter tokens). There were 52 letter-token units (i.e., one for each
lowercase and uppercase letter of the alphabet). Letter tokens
projected to letter types (26 units), which served to represent
abstract letter identities. Every unit in one level projected to every
unit in the subsequent level. Connections were feedforward only,
as no feedback or within-level connections existed in the network.
Connections between compatible units (e.g., token a to type A)
were excitatory (i.e., positive weights) and connections between
incompatible units (e.g., token b to type A) were inhibitory (i.c.,
negative weights). All excitatory connections between a pair of
levels had the same value, as was also the case for inhibitory

connections. The exact values of these weight parameters were set
by the experimenter so that (a) the asymptotic level of activation of
units corresponding to the input was sufficiently high to plausibly
cause a response (0.8 or higher), and (b) the response time for the
production of a response with a neutral prime was slightly shorter
for an alphabetic decision based on letter tokens than for the
absolute identification of the target based on the activation of letter
types. This was motivated by the fact that the response times with
neutral primes in alphabetic decision (Experiment 1) were some-
what shorter than those in letter naming (Experiments 2 and 3).
The equations used to compute the net input received by units and
the activation level of units were the same as those used in the
1AM (see Equations 1~4 in McClelland & Rumelhart, 1981).

In the simulations of the alphabetic decision task, the integration
of activation across time cycles for response selection was not tied
to any particular unit. Rather, it was based on the activation level
of the most active unit among those monitored (tokens or types) on
a particular time cycle. Thus,

Bener(?) = (i_rate) apigne(t) + (1 — i__rate) et — 1), (A1)
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where .,,(f) is the integrated activation value for a letter re-
sponse at time cycle ¢, i_rate is the integration rate of activation,
apighesd(?) iS the activation level of the most active letter unit on
cycle 1, and &y, (f — 1) is the integrated activation value for a
letter response on cycle r — 1. The strength of a letter response was
given by

Stenert) = €20, (A2)

Where §;.q.,(?) is the strength of a letter response, and k is the rate
of growth of response strength with increases in activation. As-
sessment of whether a letter response should be emitted was done
by

Slencr(t)
n'b’ (A3)

where n is the number of units in the level of representation
monitored, and b is a constant (value of 10 in all simulations).
Once the value obtained from Equation A3 was of 0.9 or higher, a
letter response was given.

In the simulations of the absolute identification (naming) task,
the integration of activation across time cycles for response selec-
tion was performed on each individual unit in the level of repre-
sentation monitored. Thus, integration of activations was obtained
by

a;() = (i__rate) a;(r) + (1-i__rate) a(t—1), (A4)

where a; corresponds to the activation of letter unit i. The response
strength associated with a particular unit was given by

si(e) = e, (A5)
Assessment of whether the absolute identification response could
be emitted was done with

5(0)
PIRICH (A6)

where Zs;(¢) is the sum of the response strengths of all the units
monitored. An absolute identification response corresponding to
unit i was emitted once the value obtained from Equation A6 was
of 0.9 or higher. The set of operations from which absolute
identification responses were obtained is the same as that used in
the IAM of McClelland and Rumelhart (1981), which itself was
largely inspired by Luce’s (1959, 1977) choice model.

The following is a list of parameters under which the letter
priming simulation results presented in Table 1 were conducted:
minimum activation of any unit = 0.0; maximum activation of any
unit = 1.0; rate of decay of activation = 0.01; resting activation of
any unit = 0.0; integration rate of activations (i.e., i__ rate) =
0.05; rate of growth of response strength with increases in activa-
tion (i.e., k) = 10. The weight parameters under which the results
presented in Table 1 were obtained are the following: activation
from features to tokens = 0.005; inhibition from features to tokens
= 0.1; activation from tokens to types = 0.1; inhibition from
tokens to types = 0.06. Between the offset of the prime and the
onset of the target, a masking stimulus was presented for a duration
of two time cycles. The presentation of the mask was done by
clamping a value of 0.3 (mask strength) to each of the feature
(input) units.

A fixed set of six uppercase letters (A, B, D, G, Q, and R) served
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as targets in each priming condition (P1, NI, DI, SIM, GEN-SIM,
and NE). In the PI condition, the prime was identical to the target.
In the NI condition, the prime was the lowercase letter with the
same name as the target (e.g., prime = a; target = A). In the DI
condition, the prime shared no feature with the target. In this
condition, the letter X was used as prime when A, B, D, or G
served as the target and the letter Y served as the prime with the
letters Q or R were the target. SIM primes were uppercase letters
that shared a maximum number of features with their correspond-
ing target (prime—target pairs = H-A, D-B, B-D, C-G, 0-Q, and
P-R). Primes in the GEN-SIM condition were the lowercase
versions of those used in the SIM condition. The NE prime was a
blank stimulus.

As indicated in the Simulation of the Empirical Data section, an
attempt was made to design a connectionist network based on the
cross-case generation model for abstraction in letter recognition.
This model assumes only one level of representation for letter
knowledge, that of letter tokens, and abstraction is achieved by the
internal generation of a visual representation of the opposite-case
version of a stimulus letter. The most direct way to implement
these principles in a connectionist network requires a feature level
of representation to present inputs to the system, and letter tokens
with excitatory connections between units that correspond to the
same letter identity. These excitatory connections serve as the
process by which opposite-case generation is achicved. Simula-
tions based on this architecture failed to result in abstract, name
identity (NI) priming. The reason for this failure is that when a
particular stimulus letter is visually different from its opposite-case
version, the activation of the opposite-case token is effectively
prevented by the inhibition coming from the incompatible feature
units activated by the stimulus. Solution to this problem would
require either feature-to-token inhibition to be null, or a second,
separate set of shape-specific letter representations where the to-
ken units corresponding to the target and to its opposite-case
version could be concurrently activated. Neither of these solutions
appears acceptable. Indeed, setting the feature-to-token inhibition
parameter to zero would result in a large degree of activation of
units corresponding to letters similar to the stimulus presented.
This would prevent the network from solving an absolute identi-
fication task because of the lack of differentiation between the
activations of the target and competing units. In turn, some prin-
ciple would need to be found to justify the implementation of a
duplicate level of letter-token units. The simple fact that such a
duplication would allow opposite-case generation seems a weak
argument. An additional difficulty with a generation network is in
simulating an absolute identification performance. Absolute iden-
tification seems to require that the activation of one of the units
monitored be significantly higher than that of any other (e,
sufficient signal-to-noise ratio; see Simulation of Empirical Data
section). However, within a set of letter-shape representations in
which opposite-case generation has occurred, at least two units are
highly active; that corresponding to the target and that correspond-
ing to its opposite case. Although they are both associated with the
same response, that is, same phonological representation of their
name, these units will compete with one another unless a special
operation is implemented to indicate they are both associated with
the same letter identity. It seems such a special operation would
involve either letter-type units or some functional equivalent.
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