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Thereis controversy about the importance of phonology in skilled reading. Event-related
potential (ERP) evidence from the initial moments of visual word recognition indicates that
processing sub-lexical phonology is fundamental to skilled reading. The early timecourse of this
phonological activation explains the predictive power of phonological awareness for early
reading development, affirms the importance of phonological processing in learning to read, and

illuminates the persistent challenges of dyslexia.



The cognitive representation of speech plays a central role in reading devel opment.
Phonological awareness, or the ability to segment and manipulate speech sounds, predicts first
grade reading achievement, and phonological deficits are a primary factor in dyslexia® 2.
Whereas beginning readers rely on phonological decoding to identify the many unfamiliar words
they encounter®, children seem to recognize more words using direct access as they progressin
reading”. Likewise, skilled adult readers often have the impression that they recognize printed
words as wholes, using adirect visual route to lexical access. Phonological processes, then, are
generally considered to be important for devel oping word reading skills, but their rolein skilled
reading is controversial. The present study reports neurophysiological evidence that skilled
readers activate phonological representations within the first 100 ms of word recognition. This
accounts for the central role of phonological processing in reading development.

Observing the time course of phonological processing in skilled visual word recognition
iskey to understanding phonology’ s role in reading. Previous neurobiological research has
converged on the anatomy of neural activation during skilled word recognition®, but fMRI lacks
the temporal resolution to examine processes that operate within 0.25 seconds. Two masked-
priming ERP experiments tested when skilled readers processed word-initial syllable
information. Because syllables are not encoded explicitly in print, these experiments could
mani pul ate sub-lexical phonology independent of visual form. They employed item pairs with
different syllabification that were matched for initial trigram, such as SILENT and SILVER
(available online in the Supplementary Methods). Target words were preceded by 44 ms masked
primes that were congruent or incongruent with the initial syllable of the target (e.g., s or sil) as
shown in Figure 1. Thus, congruency was independent of the visual characteristics of primes and

targetsin this design.



The predictions are straightforward. If skilled readers activate elaborated phonological
representations, then syllable information should modulate ERPs as evidenced by a congruency
effect. Early waveform modulation would indicate involvement in fundamental aspects of word
recognition, whereas later modul ation would complement existing evidence for phonology’srole
in sentence integration processes.

In both experiments, participants read single words silently while EEG was recorded.
Semantic decisions (e.g., isit bigger than a shoebox?) were made via keypress on filler trials.
The backward mask duration was manipulated between experiments.

Grand-average waveforms from 35 electrode sites were measured in 20 ms windows (60
— 700 ms). Potentials in each window were subject to repeated-measures ANOV As (Greenhouse-
Geisser corrected). Consecutive significant windows were combined to yield three main time
windows: 100 -120 ms, 140 — 160 ms, and 340 — 380 ms. Signal processing details and other
effects are reported in the online Supplementary Methods and Results.

Figure 2a shows the Experiment 1 data from 20 right-handed adults. Targets preceded by
syllable-congruent primes elicited asmaller N1 (140 - 160 ms) than targets in the incongruent
condition across 28 anterio-medial electrodes, F(1,19)= 4.45, p=.048.

Figure 2b shows the Experiment 2 datafrom 18 similar participants. Targets preceded by
syllable-congruent primes elicited a smaller N1 (100 -120 ms) than targets in the incongruent
condition across all electrodes, F(1,17)= 6.37, p=.022. Further, amplitudes over the | eft
hemisphere, F(1,17)=9.01, p=.01, were more negative in the syllable-congruent condition in the
340 - 380 ms window, F(1,16)= 5.08, p=.04.

ANOV As conducted in 20 ms time windows tested interactions with Experiment. In the

340 — 380 ms window, there was an interaction of congruency, electrode, and experiment, F(6,



216)= 3.18, p=.034. Thisinteraction confirms that the later congruency effect present in
Experiment 2 over the left hemisphere isreliably different from the potentials in Experiment 1.

The most striking finding in these experiments was reduced N1 amplitudes to targets
preceded by syllable congruent primes. The phonological congruency effect onset as early as 100
ms when reading words silently for meaning, indicating that fast phonological processing occurs
during skilled word recognition. This study demonstrates the earliest neural mechanisms of
automatic phonological activation yet observed at the suprasegmental level. The syllable
congruency effect complements arecently reported sub-phonemic feature congruency effect that
onset around 80 ms®. Combined, these studies indicate that phonological representations are
detailed as well as quickly computed. These early phonological effects may be attributed to the
use of identical primes and targets across conditions, which minimized physiological variance
that may have masked early effects in previous studies’.

The timing of the syllable congruency effect is earlier than would be expected if
phonology functioned simply as a byproduct of lexical access that supported sentence integration
processes®®1%! Therefore, the present data suggest an additional role for phonology in skilled
reading. If one accepts the emerging view that masked priming shares some properties with
parafoveal processing', then it is possible that early phonological activation contributes to fluent
(i.e, fast and accurate) reading by supporting initial compatibility-checks of parafoveally and
foveadlly obtained word form information. Thisideais consistent with previous findings of sub-
lexical phonological congruency effects in the eye movement literature™ .

The appearance of the syllable congruency effect on the N1 indicates that phonology is
fundamental in skilled reading. This explains why phonological-processing deficits impair

reading development and, conversely, why phonological awarenessis a strong predictor of early



reading achievement. Lastly, the fundamental role of sub-lexical phonology in skilled reading
affirms the importance of phonics-based reading instruction to develop phonological coding

skills for recognizing words in print.
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Figure Captions
Figure 1. The masked priming paradigm and the approximate location of the 35 scalp electrodes
selected a priori. ANOVAs included four within participant factors. Prime-target Congruency,
Target’s Syllable Type, and Electrode Position (rows & columns) ina2x 2x 5x 7 design. As
the target type was confounded with physical differencesin the two sets of words, congruency
effects that were evident across the full set of items are presented. Effects for each target type

appear in the online Supplementary Results.

Figure 2. Syllable congruency effectsin Experiments 1 and 2. The early, N1 effect isindicated

by an arrow.
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Figure - 2 A & B Ashby
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