




















1560

POLK ET AL.

Figure 15. The response of the word map to two word stimuli that contain a target letter (rR) and that differ in case (irs/IRS). Lighter

regions in the map correspond to cells wi eater response the word. The similarity in the map response to the lower-case an
g the map spond to cells with greater resp th d. Th larity in the map resp to the I (A) and

upper-case (B) forms of the word are evidence that when target letters are experienced in a common context, abstract letter identity
develops despite the visual dissimilarity of the target letters across case. To view a colour version of this figure, please see the online issue of

the Journal.

7/R, which was found to be among letters most
visually dissimilar across case. The map responses
to these two words are highly similar as would
be predicted by the common context hypothesis:
The context provided by the visually similar
letter pairs il and sS in the onset and coda pos-
itions allowed the word map to learn the abstract
identity for the pair rR that was experienced in
this common context.

Simulation results

A2 x 2 ANOVA was performed on the mean dis-
tances between contrasting word pairs using rep-
etition (same ALIs vs. different ALIs) and
context (familiar vs. unfamiliar) as within-subject
variables for each of the 50 simulated participants.
Figure 16 shows the mean distances for each con-
dition. As in Experiment 2 there was a main effect
of repetition, F(1, 49) = 1,203.6, MSE = 684.7,
P <.001, with a lower mean distance (greater
simulated task difficulty) for the same ALI test
words than for different ALI test words.
Critically, as in Experiment 2 and as predicted
by the common contexts hypothesis, there was a
significant  Repetition x Context interaction,
F(1, 49)=177.8, MSE =628, p < .001, with
the effect of repetition being larger for familiar
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word pairs than for unfamiliar word pairs. In the
simulation, we also found a significant effect of
context, F(1, 49)=106.0, MSE = 858.7,
»<.001, with a lower mean distance (greater
simulated task difficulty) for unfamiliar words

Figure 16. Mean distance between contrasting word pairs for each
of the four simulated conditions and 50 simulated participants.
Mean distance is a proxy for greater task difficulty and is
comparable to the dependent measure (reported targets) used in
Experiment 2 and shown in Figure 3. As predicted by the
common contexts hypothesis and as found in Experiment 2, the
effect of repetition was significantly larger in familiar contexts
than in unfamiliar contexts.
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than for familiar words. While jt is intuitive that it
would be more difficult for [the model to dis-
tinguish words that it has never seen than words
on which it was trained, thif effect of context in
Experiment 2 was not sigfificant. One possible
explanation for this result ig'that there were differ-
ences in the level of familiarity for the model as
compared to participants. Jn the model simulation,
the onset/coda pairs used in unfamiliar test words
had never been seen the model (were not
trained). Although tife consonant strings in
Experiment 2 were als¢ unfamiliar, the co-occur-
rence of the onset/coda pairs in these strings was
iliar to human participants
(e.g., gds is not wholly unfamiliar given prior
experience with the yord gas). It is therefore poss-
ible that effect of cogytext differed in the simulation
as compared to the Experiment 2 as a result of
differences in familiarity: Consonants strings
were less familiar than pseudowords in the exper-
iment, but overall more familiar than the unfami-
liar words used in the simulation.

GENERAL DISCUSSION

We have argued that the visual system computes
abstract letter identities (ALIs): letter represen-
tations that abstract away from visual appearance
and encode a letter’s identity independent of
case or font. We reviewed a number of behavioural
studies consistent with this hypothesis as well as an
imaging study demonstrating that the so-called
visual word form area in left inferior occipitotem-
poral cortex responds to familiar sequences of
ALIs even when they are presented in visually
unfamiliar formats (in aLtErNaTiNg case; Polk
& Farah, 2002) .

How could the brain’s visual system learn a rep-
resentation in which visually dissimilar stimuli
(e.g., A and a) have similar codes? Inspired by
the fact that synaptic plasticity mechanisms are
sensitive to correlations, we hypothesized that
contextual correlations interact with neural learn-
ing mechanisms to give rise to ALIs. Specifically,
we proposed that different forms of the same
letter tend to appear in similar distributions of

ABSTRACT LETTER REPRESENTATIONS

contexts (in the same words written in different
ways) and that this environmental correlation
interacts with Hebbian learning in the brain to
give rise to ALIs. We previously demonstrated
the feasibility of this common contexts hypothesis
by showing that an artificial neural network using
Hebbian learning learns ALIs when exposed to
words satisfying the appropriate statistical regu-
larities (Polk & Farah, 1997).

We presented two experiments confirming
predictions of the common contexts hypothesis.
In the first experiment, we found that American
students who were repeatedly exposed to Japanese
characters got faster at distinguishing those char-
acters, but this improvement was significantly
reduced for character pairs that had been presented
in common contexts. This finding is consistent
with the prediction that exposure to stimuli in
common contexts can lead to similar (and there-
fore confusable) representations.

In the second experiment, we found evidence
that context continues to influence the processing
of ALIs even in skilled adult readers. Using
Mozer’s (1989) target detection task, we replicated
the finding that people are more likely to underes-
timate the number of target letters when the
targets share the same letter identity than when
they have different letter identities. We demon-
strated that this effect was significantly larger in
familiar word-like contexts (pseudowords) than
in unfamiliar contexts (consonant strings).

We also presented a biologically inspired neural
network model that was a computational instan-
tiation of the core assumptions of the common
context hypothesis. We used this model to simu-
late the second experiment. The model was able
to learn physical letter form as well as abstract
letter identity directly from bitmap images of real
letters. Critically, the model also reproduced
both the repetition effect and the interaction
between repetition and familiarity that were
observed behaviourally.

In short, we have argued for four points: (a)
The visual system learns and uses letter represen-
tations that encode identity but that abstract
away from visual appearance, (b) a common con-
texts hypothesis provides a plausible and
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computationally explicit explanation for how such
abstract representations could develop, (c)
exposure to common contexts can lead to the
development of abstract representations even for
novel, nonletter stimuli, and (d) context continues
to influence the processing of ALIs even in skilled
adult readers.

Although our results suggest that visual context
plays an important role in the acquisition of ALIs,
they do not prove that other kinds of nonvisual
information (e.g., the sounds of the letters, the
meanings of the words) play no role. Young chil-
dren often know quite a lot about letters in iso-
lation, including their names, before they have
significant experience reading words, and it is cer-
tainly plausible that this knowledge plays a role in
the acquisition of ALIs. For example, Bowers and
Michita (1998) have argued that phonology plays a
central role in the acquisition of ALIs!

Nevertheless, the present results confirm a some-
what counterintuitive prediction of the common
contexts hypothesis: When different stimuli are pre-
sented repeatedly in common contexts, their rep-
resentations become more similar. That prediction
is not made by any other hypothesis, and so the
present results provide novel evidence that context
plays an important role in the acquisition of abstract
letter identities.
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Martha J. Farah
1895 1940

Q1 Location?
Q2 Please supply up to 5 keywords.

Q3 Figure 4: Label y axis of figure [“Clearly label each axis with both the quantity measured and the
1900 units in which the quantity is measured” (4PA45: 3.81, p. 196)]. 1945

Q4 These come out as hashes (#) in file - presumably a function of a different keyboard layout.
Change to pound signs (£)?

Q5 Stimuli section changed to “Orthographic stimuli” section, OK?
1905 Q6 Figure 12: Label axes of figure (4PA5: 3.81, p. 196). 1950
1910 1955
1915 1960
1920 1965
1925 1970
1930 1975
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