








ERPs AND LETTER PERCEPTION
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Figure 3. (A) Target ERPs from the four all letter scheme conditions. Note that the time intervals for analysis as well
as prime and target onset latencies are indicated on the time axis in the lower left-hand corner and that target onset is
indicated by the calibration bar. (B) Target ERPs at the CP1 electrode site for the four all letter scheme conditions. The
three analysis epochs are color coded and the two primary ERP components analyzed are labeled. In the first epoch
(brown) there are clear effects of letter case. At the beginning of the second epoch (blue) the same-name/same-case condi-
tion undergoes a much stronger deflection than any of the other conditions. In the third epoch (pink), the different-name
conditions (for same and different case) start to pattern together and are clearly distinct from both of the same-name
conditions.
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Table 1
Mean Microvolt Values (SEs) at the CP1 Site
for the Name and Case Factors

Same Name Different Name
Same Different Same Different
Case Case Case Case
Time Epoch (msec) M SE M SE M SE M SE
120-180 489 43 391 43 491 41 412 36
180-220 482 54 490 55 549 55 488 51
220-300 442 55 479 54 535 .62 535 .55

Table 1 provides mean voltage values per experimental
condition at one representative electrode site (CP1) for
each epoch used in the ANOVAs.

120- to 180-msec Epoch

As can be seen in Figures 3A and 3B, there is a clear
difference between target ERPs recorded to letter targets
preceded by primes in the same case compared with targets
preceded by primes in the other case. This difference starts
as early as 110 msec and continues until almost 200 msec
(see the brown shaded area in Figure 3B). This visual im-
pression was confirmed by a significant main effect of
case consistency in all four electrode columns [midline,
F(1,22) = 21.97, p < .001; C1, F(1,22) = 2248, p <
.001; C2, F(1,22) = 16.41,p <.001; C3, F(1,22) = 5.19,
p < .033]. This effect tended to be larger at frontocen-
tral sites, as indicated by significant case consistency X
electrode site interactions [midline, F(4,88) = 10.48,p <
.001; Cl1, F(2,44) = 8.04, p <.003; C2, F(3,66) = 10.30,
p < .002; C3, F(4,88) = 15.19, p < .001]. There were,
however, no main effects of name consistency or interac-
tions between case consistency and name consistency in
this analysis epoch. This pattern is evident in the mean
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voltage values provided in Table 1, and is in line with our
prediction that processing has not yet made contact with
letter representations at this point in time.!

To more fully scrutinize the effects of visual similarity in
this early epoch, subsets of letters were classified accord-
ing to whether their upper- and lowercase versions were
visually similar (e.g., C—c and O—o) or visually different
(e.g., A—a and B-b). In this analysis, we held prime—target
name consistency constant (i.e., only same-name primes
and targets were used), and prime—target case consistency
and prime—target feature similarity (similar vs. dissimilar
upper- and lowercase letters) were the main factors. Fig-
ure 4 shows the results of this analysis performed on the
subset of letters defined by the visual similarity of their
lower- and uppercase forms. There was a clear difference
in the ERPs generated by targets preceded by same-case
and different-case primes when the upper- and lowercase
versions of letters were composed of different features
(e.g., D—d, A—a). The same comparisons for letters that
have similar features in their upper- and lowercase versions
(e.g., C—c, S—s) produced relatively smaller differences in
this time window. These effects of visual similarity, which
started at about 100 msec and extended to 200 msec, took
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Figure 4. Target ERPs at two posterior and two anterior sites contrasting same-name letters that in their upper- and
lowercase versions are either similar (left) or dissimilar (right).



the form of a posterior positivity (P150) and an anterior
negativity. These visual impressions were confirmed by
a feature similarity X case consistency X electrode site
interaction in the two most lateral columns of electrode
sites [C2, F(3,66) = 4.04, p < .03; C3, F(4,88) = 3.29,
p < .048]. Further follow-up analyses used to decompose
this interaction revealed that the case X electrode site in-
teraction was significant for dissimilar letters, but not for
similar letters [dissimilar letters, C2, F(3,66) = 6.88,p <
.008; C3, F(4,88) = 9.97, p < .001; similar letter F's <2,
see Table 1]. For dissimilar letters, a change in case from
prime to target, relative to no change in case, produced
more positive-going ERPs at the most lateral posterior
sites (O1/2 and T5/6), but more negative-going ERPs at
the most lateral anterior sites (F7/8, F3/4, FC5/6). In line
with our theoretical framework for letter perception, and
in line with recent results obtained using masked priming
and ERPs with word and object stimuli (Eddy et al., in
press; Holcomb & Grainger, 2006), we find a modulation
of'the P150 ERP component in occipital sites as a function
of visual differences across prime and target.

180- to 220-msec Epoch

As can be seen in Figures 3A and 3B, between 180 and
220 msec, the time period surrounding the peak of the
P200, targets preceded by different-letter primes in the
same case (the solid blue line) were more positive-going
than targets preceded by the same letter in the same case
(the solid black line). This trend was most notable at mid-
line and Cl1 sites and tended to trail off at more lateral
sites. On the other hand, different-case targets (the red and
green dashed lines) revealed no such differences. These
impressions were borne out in the ANOVAs by signifi-
cant case consistency X name consistency interactions in
the midline and C1 analyses [midline, F(1,22) = 5.05,
p <.035;Cl1, F(1,22) = 6.26,p < .020; C2and C3 Fs <
1.2; see Table 1]. Follow-up simple effects tests indicated
that there was a main effect of name consistency only
when primes and targets were in the same case [midline,
F(1,22) = 13.65, p < .001; C1, F(1,22) = 11.80, p <
.002]. None of the simple effects tests of name consis-
tency were significant when primes and targets were in a
different case (all F's < 1). We interpret this interaction as
reflecting the activation of case-specific letter representa-
tions that react mostly when primes are the same letter in
the same case. This highly temporally localized reaction
can be seen in Figure 3B, in which the waveform for the
same-name/same-case condition is the only one to show a
strong deflection starting around 180 msec.

220- to 300-msec Epoch

As can be seen in Figures 3A and 3B, between 220 and
300 msec after the peak of the P200, targets preceded
by different-letter primes in the same case continued to
be more positive-going than targets preceded by same-
letter primes in the same case. However, unlike the pre-
vious epoch, in which mixed-case targets revealed no
significant differences, in this later epoch, there now ap-
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peared to be a notable difference between these conditions.
Different-case targets that were different letter names
than their primes (dashed green line) were more positive-
going than different-case targets that were the same let-
ter name (dashed red line). ANOVAS in this epoch found
main effects of name consistency across the scalp [mid-
line, F(1,22) = 35.03, p < .001; C1, F(1,22) = 25.26,
p <.001; C2, F(1,22) = 30.33, p < .001; C3, F(1,22) =
30.02, p < .001], but no significant evidence for a dif-
ference in the name consistency effect for same- vs.
different-case letters (i.e., all name consistency X case
consistency interactions, F's < 2, see Table 1). Consistent
with a widely distributed effect, name consistency did not
interact with either hemisphere or electrode site in any
of the analysis columns. We interpret this main effect of
name consistency as reflecting activity in more abstract,
case-independent letter representations, such that priming
effects are not influenced by whether or not primes and
targets are in the same case.

DISCUSSION

Guided by a model of the perceptual processes involved
in letter processing, this experiment investigated the influ-
ence of prime—target name and case consistency on ERPs
generated by letter targets in a masked priming paradigm.
Early effects of visual similarity were also examined by
performing separate analyses on letters with similar (e.g.,
c—C) or dissimilar (e.g., a—A) lower- and uppercase forms.
All three priming manipulations had clear effects on the
ERP waveforms, and the three manipulations showed dis-
tinct time courses. The pattern of effects provides support
for the three-stage model of letter perception outlined in
the introduction.

The initial analyses suggested that the effects of case
consistency were the first to appear, emerging at around
100 msec posttarget onset and peaking at 150 msec. Our
preferred interpretation of this early and relatively wide-
spread effect of case consistency is that it reflects activity
in neural processes that are sensitive to large-scale physi-
cal changes in the stimulus, such as changes in size and
orientation. As pointed out in note 1, the upper- and lower-
case letters differed in size in the present study, so it is
possible that it is a change in stimulus size that is driv-
ing the case consistency effect. Further experimentation
is necessary in order to clarify the relative contribution of
these different variables.

In the same time window, however, we also found clear
evidence for a more localized effect of visual overlap
across prime and target. This effect took the form of a
larger positivity over the back of the head, especially at
the right occipital electrode (i.e., P150), and a larger nega-
tivity over anterior sites, again especially over the right
hemisphere. Although the inherent low spatial resolution
of ERPs (Nunez, 1990) makes it difficult to know with
certainty the exact source of the neural generator(s) for
such an effect, it is tempting to speculate that this P150
modulation is being generated in or near visual cortical
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areas responsible for early visual feature processing. Ex-
actly what this process is doing is still unclear, although
in several recent studies using similar masked priming
methodology, we have found similar effects with compa-
rable scalp distributions, but using visual words (Holcomb
& Grainger, 2006) or pictures of simple objects (Eddy
et al., in press). What these studies have in common is
that the P150-eliciting events have features that do not
match those of the immediately preceding masked prime,
although the specific nature of these features is obviously
very different across the studies. Consistent with the pos-
sibility that our P150 effect is indexing low-level visual
feature analysis are a recent series of studies using MEG.
These studies have shown early (~100 msec) occipital ac-
tivity that the authors argue is sensitive to low-level visual
feature analysis (e.g., Cornelissen, Tarkiainen, Helenius,
& Salmelin, 2003).

In the 180- to 220-msec epoch, the effects of case con-
sistency significantly interacted with the effects of name
consistency, such that whether or not primes were the
same letter as targets only had an influence when primes
and targets were in the same case. This effect was maxi-
mal in the region of the P200, where the waveforms gen-
erated by letter targets were more positive-going when
primes were a different letter in the same case than when
primes were the same letter in the same case. This pattern
is interpreted as reflecting processing at the level of case-
specific letter representations. When the prime stimulus
is the same letter and in the same case as the target letter,
prime processing leads to preactivation of the appropri-
ate case-specific letter representation, hence modifying
the subsequent processing of the target stimulus. When
primes and targets are in a different case, different rep-
resentations are involved at this particular stage of the
letter identification process. These P200-centered effects
were somewhat more broadly distributed than the earlier
P150 effect, which makes speculation about the neural
source(s) for this effect more difficult. MEG studies have
shown effects in this same time frame (130 to 180 msec)
that seem to be specific to the processing of letter strings
(as opposed to noise or symbols) and localize primarily
to left temporal-occipital regions. However, our P200-
centered effects were largest at midline and medial sites
and showed no laterality effect.

Name consistency (the prime letter is the same as the
target letter or not) had a systematic influence that was in-
dependent of case consistency starting around 220 msec
posttarget onset. Different-letter primes produced more
positive-going waveforms compared with same-letter
primes in the 220- to 300-msec epoch, and this effect did
not depend on whether or not primes and targets were in
the same case. This pattern is taken as evidence for pro-
cessing at the level of abstract letter representations that
are independent of letter case. Such case-independent letter
representations would receive input from lower-level case-
dependent representations, thus explaining why their activ-
ity is reflected later on in the letter identification process.

In summary, the overall pattern of effects observed in
the present study fits with the hierarchy of processing
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involved in letter perception that we outlined earlier in
the article. According to this account, the effects of letter
similarity/dissimilarity between 120 and 180 msec reflect
activity in an early process that is involved with extract-
ing primitive features from the visual array before contact
is made with letter representations. These visual features
converge on case-specific letter representations such that
the visual features associated with a lowercase “a,” for ex-
ample, connect up with the representation of the lowercase
version of that letter but not with the representation of its
uppercase version (although it remains to be seen whether
highly similar lower- and uppercase forms already share a
representation at this level). The interaction between name
and case consistency found between 180 to 220 msec
is taken to reflect differential activation in such case-
specific letter representations. Case-specific letter repre-
sentations then feed information forward to more abstract,
case-independent letter representations that are activated
equally by lower- and uppercase versions of a given letter.
The main effect of name consistency (that did not interact
with case consistency) found between 220 and 300 msec
is thought to reflect activation at this level of processing.
These high-level letter representations, which are rela-
tively insensitive to variations in surface form, provide
the gateway to phonological, articulatory, and conceptual
information related to letter identities.
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NOTE

1. Given the design of the present study, the effect of case consistency
could reflect differential sensitivity to lower- and uppercase letters ap-
pearing in either prime or target position, rather than an effect of change
in case across prime and target stimuli. Furthermore, our manipulation of
case was confounded with a change in stimulus size, since the lowercase
letters were smaller than the uppercase letters. We are currently investi-
gating these issues in ongoing work in our laboratory.
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