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Abstract The number and type of connections involv-
ing different levels of orthographic and phonological
representations differentiate berween several models of
spoken and visual word recognition. At the sublexical
level of processing, Borowsky, Owen, and Fonos
(1999) demonstrated evidence for direct processing
connections from grapheme representations to
phoneme representations (i.e., a sensitivity effect) over
and above any bias effects, but not in the reverse direc-
tion. Neural network models of visual word recogni-
tion implement an orthography to phonology process-
ing route that involves the same connections for pro-
cessing sublexical and lexical information, and thus a
similar pattern of cross-modal effects for lexical stimuli
are expected by models that implement this single type
of connection (i.e., orthographic lexical processing
should directly affect phonological lexical processing,
but not in the reverse direction). Furthermore, several
maodels of spoken word perception predict that there
should be no direct connections between orthographic
representations and phonological representations,
regardless of whether the connections are sublexical or
lexical. The present experiments examined these pre-
dictions by measuring the influence of a cross-modal
word context on word target discrimination. The
results provide constraints on the types of connections
that can exist between orthographic lexical representa-
tions and phonological lexical representations.

The identification of spoken and written words
involves integration of the target stimulus and relevant
contextual sources of information from the environ-
ment. It has been demonstrated that listeners integrate
both auditory and visual sources of information during
auditory perception. The classic *"McGurk effect” (e.g.,
MacDonald & McGurk, 1978; McGurk & MacDonald,
1976) illustrates that when listeners are presented with
an auditory stimulus (e.g., /ba-ba/) that does not match
visually presented vocal gestures (e.g., mouth move-
ments for /ga-ga/), the auditory and visual information

are integrated during auditory perception (e.g., the lis-
tener hears “da-da”). People are often presented with
concurrent spoken and printed stimuli that are not nec-
essarily congruent. For example, students are often
required to attend to text printed on overheads while
also attending to a lecturer’s spoken words, and par-
ents often read stories to their children while their chil-
dren follow the printed words. Thus, how concurrent
visual and auditory stimuli are integrated has been an
important issue for models of language processing
(e.g., Borowsky., Owen, & Fonos, 1999; Fowler &
Deckle, 1991; Frost & Katz, 1989; MacDonuld &
McGurk, 1978; Massaro, Cohen, & Thompson, 1988;
McGurk & MacDonald, 1976).

Models of visual word recognition differ in the num-
ber and type of nonsemantic connections between
orthographic and phonological representations. These
connections between orthographic and phonological
representations serve as a processing route for these
processing subsystems to communicate with one anoth-
er. The types of communication from one subsystem to
another may be unidirectional or bidirectional. For
example, the dual-route cascade model has unidirec-
tional connections that map graphemes onto
phonemes, and bidirectional connections that map
orthographic lexical representations onto phonological
lexical representations (Coltheart, Rastle, Perry,
Langdon, & Zeigler, 2001). In contrast, the neural net-
work models of Seidenberg and colleagues (Harm &
Seidenberg, 1999; Plaut, McClelland, Seidenberg, &
Patterson, 1996; Seidenberg & McClelland, 1989) imple-
ment a single nonsemantic route with one set of fully
recurrent connections between orthographic and
phonological units to handle both sublexical and lexi-
cal levels of translation from print to sound, and thus
they are often referred to as “single-route” models.
Neural network models typically group together the
orthographic levels of representation (e.g., orthograph-
ic features, graphemes, and orthographic lexical repre-
sentations), and similarly group together the phonologi-
cal levels of representation (e.g., phonetic features,
phonemes, and phonological lexical representations).

Canadian Journual of Experimental Psychology, 2003, 57:4. 290-303



LEXICAL INTERACTIVITY

291

A
Orthographic ; Orthographic
Print — Feature R Graphc:lm‘c Lexical
Encoding Sprechtanons Representations
' = Semantic
(PDR) (SVB Representations
Phonetic PR Phonological
Speech— Heatue Representations Lol
Encoding Representations b
Speech
B
, A
Printt o Orthographlc i
Representations e >
\‘ Semantic ‘
/ Representations |
‘ Phonological i L v
Speech— Representations !
Speech

Figure 1. A modified framework for comparing dual- and single-route models of visual word recognition (see Borowsky et
al., 1999): A. Dual-route model, B. Single-route model. Connections that have been corroborated by experiments are
shown in bold. PD = phonetic decoding (ie., sublexical, assembled phonology) route, SV = sight vocabulary (i.e., lexical,

addressed phonology) route.

Figure 1 illustrates these differences and provides a
framework for comparing dual- and single-route mod-
els of visual word recognition, including the types of
connections for communicating between processing
subsystems that are corroborated in the present experi-
ments.

As illustrated in Figure 1A, dual-route models
process printed words by first analyzing the printed
words into orthographic features (e.g., curves, lines,
angles), which have bidirectional connections with the
graphemic level of representation (e.g., b). Graphemic
information can follow one of two processing routes,
hence the name dual-route models. The sublexical (i.e.,

phonetic decoding) processing route maps graphemes
onto phonemes. Once the phonemes have been assem-
bled and synthesized, they can be used to produce
speech output. Assembled phonology can also be
checked against stored phonological lexical representa-
tions (e.g., Borowsky, Owen, & Masson, 2002, discuss
several criteria for maximizing phonological lexical
access when forced to rely on assembled phonology).
Alternatively, the graphemes can be synthesized and
mapped onto complete orthographic lexical representa-
tions. To produce spoken output via this route, ortho-
graphic lexical representations are then mapped direct-
ly onto phonological lexical representations (i.e., sight



TABLE 1

Example Stimuli as a Function of Congruent, Irrelevant, and Incongruent Conditions

Conditions

Congruent Irrelevant Incongruent
Visual Context cap map rap
Auditory Target /cap/ feap/ feap/
Probe “feap/ or frap/” “/cap/ or Jrap/” “feapd or frap/”

vocabulary). Coltheart et al. (2001) assumed that the set
of connections from the orthographic lexical level to
the phonological lexical level are bidirectional. It
should be noted that both the orthographic lexical and
phonological lexical representations may also be influ-
enced by connections with the semantic system.

Within this framework, speech input could be ana-
lyzed into phonetic features (e.g., pitch, frequency) that
are connected 1o a phonemic level of representation.
Again, the phonemes can be assembled to produce
speech output or to activate phonological lexical repre-
sentations. The phonological lexical representations
may be used to produce speech or to activate ortho-
graphic lexical representations via bidirectional connec-
tions to orthographic representations.

As illustrated in Figure 1B, single-route models
process printed words by analyzing the printed words
into orthographic representations (e.g., Wicklefeatures,
Seidenberg, & McClelland, 1989). The orthographic rep-
resentations are mapped onto corresponding phono-
logical representations via a single set of connections
between the orthographic level and the phonological
level of representation. Speech input is analyzed into
phonological representations; however, they are not
considered to be represented separately at the level of
features, phonemes, and words as in the dual-route
class of models.

With respect to models of spoken word recognition,
there are two models that are notable in their claim
that there are no direct connections between ortho-
graphic and phonological lexical representations:
Fowler and Deckle’s (1991) Direct Realist Theory and
Massaro et al’s (1988) Fuzzy Logical Model of
Perception. In particular, the Direct Realist Theory
(developed from Liberman & Mattingly's, 1985, Motor
Theory) states that orthographic processing will not
influence phonological processing because orthography
does not emanate from the same common causal
source as speech (i.e., vocal tract gestures).
Accordingly, it predicts that there should be no influ-
ence of orthographic lexical processing on phonologi-
cal lexical processing. Massaro et al.’s (1988; Massaro &
Cohen, 1993) Fuzzy Logical Model of Perception con-

sists of three operations involved in speech perception,
those of feature evaluation, feature integration, and
decision. The feature evaluation of the orthographic
information is assumed to be independent of the
phonological information. As such, Massaro’s (1989,
pp. 402, 404; see also Massaro et al.. 1988) Fuzzy
Logical Model of Perception clearly predicts that cross-
modal orthographic and phonological processing
effects would be limited to simple bias effects
(described below). In contrast, models that describe an
interactive activation framework (McClelland &
Rumelhart, 1981) as the means of connecting ortho-
graphic and phonological representations clearly do
jmplement direct connections between these subsys-
tems (e.g., Jacobs, Rey, Ziegler, & Grainger, 1998, see
also the lexical connections in Coltheart et al’s, 2001,
model).

The present research examines the nature of the
connections between orthographic lexical and phono-
logical lexical representations by utilizing a recent vari-
ant of the two-alternative, forced-choice (2ZAFC) para-
digm (Borowsky et al., 1999; Ratcliff & McKoon, 1997).
The experiments reported here involved presenting a
“context” stimulus (e.g., saw: cap) simultaneously with
a target stimulus in a different modality that was con-
gruent (e.g., heard: /cap/), incongruent, or irrelevant to
the context (i.e., a baseline). In the congruent condi-
tion, the visual context matched the auditory target
stimulus, and was followed by a response probe that
included the target and another alternative (see Table
1). In the incongruent and irrelevant conditions, the
context and target items did not match. For these two
conditions, the 2AFC probe presented to the participant
determined the distinction between the incongruent
and irrelevant conditions. For example, in the incon-
gruent condition, the participant may have seen the
visual context rap simultaneously with the auditory tar-
get /cap/, followed by the visual 2AFC probe heard
/cap/ or heard /rap/ (i.e., the misleading context and
the correct target). In the irrelevant (i.e., neutral) condi-
tion, the participant may have also seen the visual con-
text map simultaneously with the auditory target Jcap/;
however, the visual 2AFC probe contained heard /rap/
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Figure 2. Hypothetical effects of the context stimulus upon target discrimination. Bias effects (A) produce equal benefits
(congruent minus irrelevant accuracy scores) and costs (irrelevant minus incongruent accuracy scores). Sensitivity effects
produce a significant difference berween benetits and costs. Sensitivity effects may illustrate (B) greater benefits than costs,

or (C) greater costs than benetits,

or heard /cap/ (i.e., a nonpresented item and the cor-
rect target). Forced-choice accuracy is assumed to be
related to the difference between the activation of the
target and the foil. Thus, if the foil has little activation
relative to the target, accuracy should be high, and if
the foil and the target are equally active, accuracy
should be at chance.

This 2AFC paradigm can be used to distinguish bias
from sensitivity effects. Bias effects occur when the
context benefits accurate target discriminations in the
congruent condition to the same degree as the context
costs target discrimination performance in the incon-
gruent condition (see Figure 2A). Sensitivity (or encod-
ing/activation) effects occur when there is a significant
difference between the benefits and costs conveyed by
the context in the congruent and incongruent condi-
tions, respectively (see Figures 2B and 2C; see also
Massaro, 1989; Masson & Borowsky, 1998; Paap,
Johansen, Chun, & Vonnahme, 2000; Rarcliff &
McKoon, 1997).

Interpreting Bias Effects

If the context stimulus simply serves to bias a partic-
ipant’s willingness to choose a response probe alterna-
tive, then the difference between the congruent and
the irrelevant conditions would equal the difference
between the irrelevant and the incongruent conditions
(i.e., the context provides equal benefits and costs; see

Borowsky et al., 1999). Ratcliff and McKoon (1997) had
proposed that a symmetrical effect of the context upon
target discriminations may be interpreted as simple bias
(i.e., the participant’s selection of a probe stimulus is
influenced by the context stimulus if the context stimu-
lus is included in the response probe). Thus, a symmet-
rical effect of the context on target discriminations in
the present research will be interpreted as indiscrim-
inable from a bias effect.

Sensitivity Effects

If the context modality differentially affects congru-
ent and incongruent target discriminations, the effect of
the context on target discriminations will deviate from a
symmetrical effect of the context on 2AFC accuracy.
Borowsky et al. (1999) had proposed that asymmetrical
effects of the context upon target discriminations are
more definitive than bias effects in informing word
recognition modelers about the nature of the connec-
tion between the context and target modalities.
Asymmetrical effects are evidence for a sensitivity effect
over and above any bias (i.e., symmetrical) effects. In
the current paradigm, a sensitivity effect indicates that
the context modality differentially affects target modali-
ty discriminations. One way (but certainly not the only
way) that such sensitivity effects could occur is if the
context modality has direct connections to the target
modality so that the context modality activation can
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influence the target modality discrimination. If there is
a sensitivity effect for only one type of discrimination
task (i.e., lexical orthographic or phonological in the
present study), then this pattern of results would be
consistent with the claim that there are directionally
weighted connections from a context modality fo a tar-
get modality. However, if sensitivity effects are found to
occur in both directions (i.e., regardless of which
modality serves as context or as target), then this pat-
tern of results would be consistent with the claim that
there are connections in both directions between the
context modality and target modality processing sub-
systems,

Borowsky et al. (1999) have previously used this
logic to investigate the nature of the connections
between sublexical orthographic (i.e., grapheme) and
sublexical phonological (i.e., phoneme) processing sys-
tems. Extending Ratcliff and McKoon'’s (1997) 2AFC par-
adigm for assessing prime sensitivity effects, Borowsky
-et al. presented participants with three congruency
conditions. A sublexical target stimulus (e.g., spoken
/ta/) was presented simultaneously with a context stim-
ulus from a different modality that was congruent (e.g.,
printed /a, with probes “heard ta” and “heard da” or
“heard ta” and “heard na”), irrelevant (e.g., printed na,
with probes “heard ta” and “heard da,” or printed da,
with probes “heard ta” and “heard na”), or incongruent
(e.g., printed da, with probes “heurd " and “heard
da,” or printed ng, with probes “heard w” and “heard
na”) to the turget. For the phoneme discrimination
experiments, a grupheme provided the context and the
phoneme was considered the target, whereas in the
grapheme discrimination experiments, 2 phoneme pro-
vided the context and the grapheme was considered
the target.

For the phoneme discrimination experiments,
Borowsky et al. (1999) showed that grapheme contexts
had an asymmetrical effect on target phoneme discrimi-
nation. In particular, the benefits of the context
grapheme exceeded the costs. For the grapheme dis-
crimination experiments, they showed that the
phoneme context had a symmetrical effect on congru-
ent and incongruent condition performance compared
to the irrelevant baseline condition. Borowsky et al.
interpreted these findings to suggest that there is evi-
dence for direct connections from the system that rep-
resents graphemes to the system that represents
phonemes, and no evidence for direct connections in
the opposite direction (i.e., a simple bias interpreta-
tion).

The models of Seidenberg and colleagues that
implement a single-route with only one set of connec-
tions between orthographic and phonological represen-
tations must predict thut the same pattern of results that

Owen and Borowsky

were observed for sublexical stimuli (e.g., graphemes,
phonemes) will be obtained with lexical stimuli (i.e.,
words). Because the Borowsky et al. (1999) study
demonstrated evidence for direct connections from
sublexical orthographic processing to sublexical phono-
logical processing, single-route models must predict
that orthographic lexical context processing will direct-
ly affect phonological lexical target discrimination accu-
racy. Furthermore, given the symmetrical (i.e., simple
bias) effects of a sublexical phonological context on
sublexical orthographic target processing, single-route
models must predict a symmetrical effect of phonologi-
cal lexical contexts on orthographic lexical target dis-
crimination accuracy,

As dual-route models (e.g., Coltheart et al., 2001;
Zorzi, Houghton, & Butterworth, 1998) have two sets of
(nonsemantic) connections at the lexical and sublexical
levels of representation, these models do not have to
predict that the same pattern of results would be
obtained for lexical and sublexical stimuli. In fact,
Coltheart et al.’s (2001) version of the dual-route model
utilizes unidirectional connections from orthographic
sublexical representations to phonological sublexical
representations (i.e., graphemes to phonemes), and
bidirectional connections at the lexical representational
level. Evidence for such bidirectional connections at
the lexical level of representation would be obtained if
both lexical contexts produce asymmetrical effects on
cross-modal lexical target discrimination (i.e., sensitivity
effects in both directions).

It is noteworthy that any evidence of a sensitivity
effect of lexical context on cross-modal lexical target
discrimination in the present experiments will serve to
falsify the models that claim that there is no direct con-
nection between orthographic and phonological lexical
processing systems (i.e., the speech perception models
of Fowler & Deckle, 1991, and Massaro, 1989),
Although some models of word recognition do sub-
scribe to the notion of direct connections between
orthographic lexical and phonological lexical represen-
tations (e.g., Coltheart et al., 2001; Jacobs et al., 1998),
the default assumption in such interactive activation
frameworks is that the connections exist for both direc-
tions. If evidence is obtained in the present study for a
sensitivity effect that is greater in one direction than the
other, then these models will have to be modified.

Kay, Lesser, and Coltheart (1996) stated thur little is
known about the nature of the connections between
processing subsystems. Given that the nature of con-
nections between processing subsystems postulated by
models of word recognition differ between several
models, it is important to examine the nature of these
connections, The current experiments sought to empiri-
cally determine the nature of the connections at the
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orthographic and phonological lexical level in order to
inform models of visual and spoken word recognition.

Experiments 1 and 2

Experiments 1 and 2 investigated the influence of an
orthographic lexical context upon spoken word dis-
crimination. Experiment 1 was designed to be a rela-
tively difficult spoken word discrimination task, where-
s in Experiment 2 the spoken word discrimination was
made easier by increasing the audibility of the spoken
word targets. Experiment 2 served to evaluate whether
the pattern of results would change as a function of
location on the accuracy scale, which might implicate a
scaling artefact,

Method

Participants. Thirty-two University of Saskatchewan
students participated in Experiment 1 for partial .credit
in an introductory psychology class, and another 24
students sere paid $5 for participating in Experiment 2.
All reported English as their first language and normal
(or corrected-to-normal) vision.,

Apparatus. An IBM-compatible computer with
Micro-Experimental Laboratories (MEL) software con-
trolled the timing of events and recording of the data.
Orthographic stimuli were presented in white on a
black background using a NEC colour monitor (Model
JC-ISWIVMA). A pair of Altec Lunsing ACSS speakers,
placed on either side of the monitor, was used to pre-
sent the auditory stimuli via a Creative Lab Sound
Blaster-compatible 16-bit audio card. The “1° and “2”
keys on the numeric keypad were used to collect par-
ticipants' responses.

Materials and design. Five three-letter word triplets
were used for the set of experiments reported here.
Within each triplet set, the items were matched for
rhyme and whether the initial letter was an ascender,
descender, or x-height. Creative WaveStudio (Version 2)
was used to record the spoken words (spoken by a
male). Each triplet was constructed such that each ini-
tial onset was added to the same rhyme. All spoken
stimuli were recorded in 16-bit mono, at a sampling
frequency of 22KHz, and were 500 ms in duration.
Each spoken stimulus was presented simultaneously
with white-noise (the MEL white-noise level was set to
88% maximum output for Experiment 1, and reduced
to 86% maximum output for Experiment 2). MEL code
specification for the white-noise output was AUDIO_
SET_VOLUMEC( 4, 0, 88 ) and AUDIO_SET_VOLUMEC( 4,
0, 86 ) for Experiments 1 and 2, respectively.

Three congruency conditions were created based on
the match of the orthographic lexical context to the
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spoken word target and the response probe (see Table
). The orthographic stimulus was presented simultape.-
ously with the spoken word target and was congruent,
incongruent, or irrelevant to the target. In the congru-
ent condition, the orthographic context matched the
spoken word target, and the visually presented
response probe for this condition contained the target
and one of the other two stimuli from the same triplet
set (e.g., orthographic context cap and spoken word
target /cap/, probed with beard cap or heard rap}. In
the irrelevant condition, the orthographic context did
not match the spoken word target. and the visually pre-
sented response probe contained the target and the
irrelevant remaining stimulus from the triplet set (e.g.,
orthographic context map and spoken word target
/cap/, probed with beard cap or beard rap). In the
incongruient condition, the orthographic context did
not match the spoken word target. and the visually pre-
sented response probe contained both the context and
target stimuli (e.g., orthographic context rap and spo-
ken word target /cap/, probed with heard cap or becrd
rap). The three spoken words from each triplet and
corresponding orthographic stimuli appeared in each of
the congruent, incongruent, and irrelevant conditions
equally often, and the correct alternative of the
response probe appeared equally often on the right- or
left-hand side, creating 36 trial conditions per triplet
set. The experiment consisted of 15 practice trials, fol-
lowed by two continuous blocks of 180 randomized
trial conditions for a total of 360 experimental trials.

Procedure. Participants were instructed, both verbal-
ly and in writing, that they would see a printed word
(e.g., cap, map, or rap) in the middle of the computer
screen and, at the same time, they would hear a Spo-
ken word presented in white-noise. They were told to
pay attention to both what they saw and what they
heard (and that sometimes the two would match,
sometimes not), but to respond to what they heard,
selecting from a two-alternative response, as quickly
and accurately as possible, with an emphasis placed
upon accuracy of responding. If the participant was
unsure of what they heard, they were told to guess.
The sequence of events was: 1) a fixation mark
appeared in the centre of the screen, 2) the participant
pressed the space-bar to initiate each trial, 3) after a
100-ms interstimulus interval (ISL), a clearly visible
orthographic stimulus appeared in the centre of the
screen simultaneously with the degraded spoken word
target, both for a total of 500 ms, and (4) after a 100-ms
ISI, a two-alternative response probe was presented
visually, in bright text, a couple of lines below where
the context orthographic stimulus was presented (e.g.,
beard cap [press 1), beard rap [press 2J). The procedure



TABLE 2
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Mean Difference Between Benefits and Costs Gin Percent), and the 95% Confidence Intervals (Based Upon One-Sampled ~Tests) as a

Function of Discrimination Task

Benefits Minus Costs

95% Confidence Interval

Discrimination Task

Mean Effect

Lower Bound Upper Bound

Spoken Word Discrimination + 4.27
(Experiments 1 and 2)
Written Word Discrimination -0.72
(Experiments 3 and 4)

+ 1.57 +6.97

-3.53 + 2.09

was approximately 25 minutes in duration, during
which time the experimenter remained in the laborato-

ry.

Results

Experiment 1. Overall mean response accuracy for
the congruent, irrelevant, and incongruent conditions is
presented in Figure 2A. A repeated measures analysis
of variance (ANOVA) of condition (congruent, irrelevant,
and incongruent) on accuracy was significant, A2,62) =
68.85, MSE = 126.92, p < .001. Dependent t-tests
showed that the mean accuracy for the congruent con-
dition was significantly greater than that for the irrele-
vant condition, #(31) = 8716, SE = 2,12, p < .001, and
the irrelevant condition mean accuracy was significant-
ly greater than the incongruent condition mean accura-
cy, #31) = 6.77, SE = 2.14. p < .001. The test of the dif-
ference of the congruent condition mean accuracy
minus the irrelevant condition meuan accuracy (18.3%)
and the irrelevant condition mean accuracy minus the
incongruent mean accuracy (14.3%) was significant,
#(31) =217, SE=1.85, p < .05,

Experiment 2. Overall mean response accuracy for
the congruent, irrelevant, and incongruent conditions is
presented in Figure 2B. A repeated measures ANOVA of
condition on accuracy was significant, /(2,46) = 59.65,
MSE = 76,59, p < .001. Dependant r-tests showed that
the mean accuracy for the congruent condition was sig-
nificantly greater than that for the irrelevant condition,
#23) = 8.795, SE = 1.82, p < .001, and the irrelevant
condition mean accuracy was significantly greater than
the incongruent condition mean accuracy, H23) = 5.47,
SE = 2.09, p < .001. The test of the difference of the
congruent condition mean accuracy minus the irrele-
vant condition mean accuracy (16.0%) and the irrele-
vant condition mean accuracy minus the incongruent
mean accuracy (11.5%) was significant, £23) = 2.33, SE
= 1.99, p < .05. :

Experiment 2 was conducted to determine if increas-
ing the response accuracy level would alter the sensi-

tivity effect found in Experiment 1. A one-tailed inde-
pendent samples f-test was conducted to determine if
the baseline (i.e., irrelevant) condition in Experiment 2
waus significantly greater than that observed in
Experiment 1. The difference between the baseline
conditions (3%) was significant, /(54) = 1.77, SE = 1.47,
p < .05, To determine if the pattern of results differed
between Experiments 1 and 2, an ANOVA of condition
by experiment was conducted on the accuracy data.
There was a main effect of experiment, A1,54) = 5.73,
MSE = 5574, p < .05, and of condition, #(2,108) =
119.52, MSE = 105.48, p < .001. There was no interac-
tion between experiment and condition in the repeated
measures ANOVA (Fs < 1.00), and thus Experiment 1
and 2 accuracy data were combined. A one-sumpled
i-test comparing the mean accuracy difference between
benetits (i.e., the difference between the congruent and
irrelevant conditions) and costs (i.e., the difference
between the irrelevant and incongruent conditions) to a
mean of zero was conducted. This difference score was
significantly greater than zero, #55) = 3.17, SE =135, p
< .01, and the confidence intervals based upon this
t-test did not include zero (see Table 2). This sensitivity
effect was also supported by a significant quadratic
trend among the condition means, /(1,53) = 10.07, MSE
= 16.90, p < .05,

Discussion

Experiments 1 and 2 provided evidence for a direct
connection (i.e., a sensitivity effect) from orthographic
lexical representations to phonological lexical represen-
tations. As the same pattern held for both levels of
phonological discriminability, this sensitivity effect was
not compromised by a scaling artefact on overall accu-
racy, nor any form of additional bias due to the dis-
criminability of the target. Scaling accounts include
those that suggest the nonlinear function observed in
Experiment 1 was due to some type of floor effect that
limits poor performance in the incongruent condition.
However, given that there were main effects of context
condition and experiment, but no interaction, it is diffi-
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Masson (1994).

cult to argue that the pattern of result in Experiments 1
and 2 are simply due to such scaling effects. Similarly,
any account that claims that the amount of bias con-
tributed by the context is variable, and that bias thus
depends on the discriminability of the target, would be
supported if the slope of the performance function
changed when there was a significant change in dis-
criminability (i.e., an interaction between condition and
experiment, see also Borowsky et al., 1999).
Nonetheless, the magnitude of the increase in discrim-
inability from Experiment 1 to Experiment 2 was small
(i.e., 3%) and the performance functions could conceiv-
ably change with a larger effect. Thus, the results of
Experiments 1 and 2, which demonstrated that ortho-
graphic contexts benefit congruent condition accuracy

more than they cost incongruent condition accuracy,
are concordant with the idea that there is a set of direct
connections from orthographic lexical level of repre-
sentation to phonological lexical level of representa-
tion. We now turn to Experiments 3 and 4, which
examine the reverse of the effect examined in
Experiments 1 and 2: whether there is an influence of
phonclogical lexical contexts on orthographic lexical
discriminations.

Experiments 3 and 4
Experiments 3 and 4 investigated the influence of a

spoken-word context upon orthographic word dxsc‘nml-
nation. Experiment 3 was designed to be 2 relatively
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difficult orthographic word discrimination task, whereas
in Experiment 4 the orthographic word discrimination
was made easier by increasing the visibility of the
orthographic word targets. Experiment 4 served to eval-
uate whether the pattern of results would change as a
function of location on the accuracy scale.

Method

FParticipants. Thirty-two University of Saskatchewan
students participated in Experiment 3 for partial credit
in an Introductory Psychology class, while 24 different
students participated in Experiment 4. All reported
English as their first language and normal (or corrected-
to-normal) vision.

Apparatus. The same apparatus as in the previous
experiments was used.

Materials and design. The same materials and
design as in the previous experiments were used for
Experiments 3 and 4. The only differences were that
clearly audible words (i.e., without any white-noise)
now provided the context, and the orthographic words
were degraded by contrast reduction and presented as
targets. MEL code specification for the specific level of
the contribution of red, green, and blue for dark gray
was SET_PALETTE_VGA(8,5,5,6) and SET_PALETTE_
VGA(8,6,6,6) in Experiments 3 and 4, respectively.
Although contrast reduction is arguably different from
the addition of white-noise used in Experiments 1 and
2, Borowsky and Besner (1991, 1993) have shown that
contrast reduction is suitable for demonstrating both
facilitation and inhibition priming effects in the lexical
decision task.

Procedire. The procedure was similar to that in
Experiments 1 and 2 except that participants were to
discriminate between target orthographic words. In
order to obtain similar mean response accuracy for the
baseline (i.e., irrelevant) conditions in the orthographic
discrimination tasks as we had observed for the same
condition in the spoken word discrimination tasks, the
visually degraded orthographic presentation was
reduced to 150 ms.

The procedure was similar to Experiments 1 and 2,
except participants were instructed to respond to what
they saw. The sequence of events was: 1) a fixation
mark appeared in the centre of the screen, 2) the par-
ticipant pressed the space-bar to initiate each trial, 3)
after a 100-ms 181, a degraded orthographic stimulus
appeared in the centre of the screen for 150 ms during
the simultaneous presentation of a clearly audible spo-
ken-word target for 500 ms, and 4) after a 100-ms 181, a
two-alternative response probe was presented visually,
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in bright text, a couple of lines below where the target
orthographic stimulus was presented (e.g., saw cap
{press 1], saw rap fpress 2. The procedure was approx-
imately 35 minutes in duration, during which time the
experimenter remained in the laboratory.

Results

Experiment 3. Overall mean response accuracy for
the congruent, irrelevant, and incongruent conditions is
presented in Figure 3A. A repeated measures ANOVA of
condition (congruent, irrelevant, and incongruent) on
accuracy was significant, (2,62) = 40.72, MSE = 249.09,
p < .001. Dependent rtests showed that the mean accu-
racy for the congruent condition was significantly
greater than that for the irrelevant condition, #31) =
6.01, SE = 2.97, p < .01, and the irrelevant condition
mean accuracy was significantly greater than the incon-
aruent condition mean accuracy, #31) = 6.29, SE = 2.82
p < .001. The test of the difference of costs (i.e., the
congruent condition meun accuracy minus the irrele-
vant condition mean accuracy, 17.5%) and benefits
(i.e., the irrelevuant condition mean accuracy minus the
incongruent mean accuracy, 17.5%) was not significant,
#(31) = 0.04, SE = 1.91, p = 968.

Experiment 4. Overall mean response accuracy for
the congruent, irrelevant, and incongruent conditions is
presented in Figure 3B. A repeated meusures ANOVA of
condition on accuracy was significant, A2.46) = 16.39,
MSE = 124.29, p < .001. Dependent f-tests showed that
the mean accuracy for the congruent condition was sig-
nificantly greater than that for the irrelevant condition,
H23) = 3.39, SE = 2,40, p < .01, and the irrelevant condi-
tion mean accuracy was significantly greater than the
incongruent condition mean accuracy, #23) = 4.23, SE =
2.40, p < .01. Again the test of the difference of henefits
(8.5%) versus costs (10.0%) was not significant, #€23) =
- 0.85, S = 2.09, p = .405.

Since the purpose of Experiment 4 was to determine
if an increase in response accuracy would alter the
symmetrical effect found in Experiment 3, a one-tailed
independent samples r-test was conducted to confirm
that the response accuracy for the baseline (i.e., irrele-
vant) condition in Experiment 4 was significantly
greater than that observed for Experiment 3. There was
a significant difference between the baseline conditions
for the two experiments, #28.1) = 5.50, S& = 2.86, p <
.001. To determine if the pattern of results differed
between Experiments 3 and 4, the test of the quadratic
trend was conducted. The quadratic trend, which is
equivalent to comparing the benefit and cost effects,
did not indicate any interaction between experiment
and condition, A1,54) = 0.42, MSE =18.58, p = 519, and
thus Experiment 3 and 4 accuracy data were combined.
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A one-sampled test comparing the difference of the
benefit effect and the cost effect to a mean of zero was
conducted. The difference of difference score was not
significantly greater than zero, £55) = -0.51, SE =1.40, p
= 613, and the confidence intervals based upon this &
test did include zero (see Table 2). The test of the qua-
dratic trend supported the difference of differences
analysis in that there was no significant deviation from
a linear function, A1,53) = 0.26, MSE = 18.38, p = .613.
To examine if there was support for a difference in the
quadratic trends amongst the condition means between
the phonological discrimination tasks (i.e., Experiments
1 and 2) and the orthographic discrimination tasks (i.e.,
Experiments 3 and 4), a condition (congruent, irrele-
vant, incongruent) by discrimination task (phonological
and orthographic) quadratic trend analysis was con-
ducted. The interaction between condition and discrim-
ination task was significant. A1, 110) = 6.57, MSE =
17.64, p < .05. It should be noted that there was
greater variability across participants in terms of linear
trends, which is indicative of a bias mechanism, com-
pared to the variability in terms of quadratic trends,
which is indicative of sensitivity effects.

Discussion’

Experiments 3 and 4 provided evidence of a sym-
metrical effect of phonological lexical contexts on
orthographic lexical discriminations. As the same pat-
tern held tor both levels of orthographic discriminabili-
ty, this symmetrical effect is not compromised by a
scaling artetuct on overall accuracy, nor any form of
variable bias due to the level of target discriminability.
In comparison to the phonological discrimination tasks
(i.e., Experiments 1 and 2), the results for the ortho-
graphic discrimination task suggest that there is a real
difference between the tasks. Specificully, the highest
order trend for Experiments 1 and 2 combined was
quadratic, whereas for Experiments 3 and 4 combined
the highest order trend was linear. Furthermore, the
quadratic trend analysis did produce a significant inter-
action between condition and discrimination task.
Taken together, these results suggest that the pattern of
results did change as a function of the discrimination
task. The pattern of results for Experiments 3 and 4,
which demonstrated that phonological contexts benefit
congruent condition accuracy as much as they cost
incongruent condition accuracy, could thus be accom-
modated by a simple bias account with no direct con-
nections between the two lexical subsystems.

Semantic and/or sublexical involvement. A concern
that deserves some consideration is whether target dis-
criminations could have been made at the semantic
level or at the sublexical level instead of at the lexical
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level. Given that the experiments all used five, three-
letter word triplets that were repeated several times in
counterbalancing, it seems unlikely that the stimuli
were being semantically processed. Alternatively, it
could be argued that the high repetition of the word
triplets may have promoted the participants to eventu-
ally rely on a sublexical strategy whereby the partici-
pant would focus their attention to the onset of the tar-
get stimuli. An analysis of the first 90 trials (i.e., the first
25% of the experimental trials) for each experiment
suggests that this is not the case, as the same symmetri-
cal and asymmetrical effects are observed as reported
for the full experiments (with the exception that there
was only a trend for a 6.7% sensitivity effect in
Experiment 2, #23) = 1.540, SE = .043, p = .137, but
note that the pattern was in the correct direction).

General Discussion

The present study extended the Borowsky et al.
(1999) research to examine the type of connections
involved at the lexical level of orthographic and
phonological representations. Single-route models pre-
dict that the same type of connections must exist for
both sublexical and lexical levels of representation,
whereas dual-route models can allow for different
types of connections along the two routes (e.g.,
Coltheart et al., 2001). Some models of spoken word
recognition claim that there should be no connections
whatsoever between orthographic and phonological
representations, regardless of whether they are sublexi-
cal or lexical (Fowler & Deckle, 1991; Muassaro et al.,
1988), whereas others assume that connections would
be equally available for processing in either direction
(Jacobs et al., 1998).

As previously discussed, if the context manipulation
produces a symmetrical effect on target discrimination,
as indicated by the congruent context benefiting per-
formunce to the same degree as the incongruent con-
text costs performance, then there is no unequivocal
evidence for direct connections between the context
and target modalities (i.e., a simple response bias effect
has occurred). A more informative outcome, however,
is when the context manipulation produces an asym-
metrical effect (ie., a sensitivity effect) on target dis-
crimination, as indicated by costs rot equaling benefits.
If similar sensitivity effects occur for both types of dis-
crimination task, one can conclude that there are bidi-
rectional connections between the lexical processing
subsystems. However, if there is a sensitivity effect for
only one type of discrimination tasks then one WQUld
conclude that there are unidirectional connections
between the lexical processing subsystems. The present
results were of the latter type, and thus suggest Lh::ll
unidirectional connections exist from the orthographic
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Figure 4. Mean written word discrimination accuracy (in percent) as a function of onthographic
and phonological lexical congruency for: (A) Experiment 3, and (B) Experiment 4. Confidence
intervals were calculated using the formula for a within-subjects design as outlined in Loftus and

Masson (1994).

lexical processing subsystem to the phonological lexi-
cal processing subsystem. Borowsky et al. (1999) also
obtained this pattern for the level of connections that
map graphemes onto phonemes. Although both dual-
and single-route models can account for Borowsky et
al.’s results in conjunction with the present set of
results, such findings are important for constraining the
types of connections necessary for models of visual
word recognition and speech perception (see Figure 1).

Many current speech perception models that
describe both orthographic and phonological process-
ing cannot account for the present set of results (see
also Borowsky et al.,, 1999). For example, the Direct

Realist Theory (Fowler & Deckle, 1991) states that
orthographic processing will not influence phonologi-
cal processing. Similarly, Massaro et al.’s (1988;
Massaro & Cohen, 1993) Fuzzy Logical Model of
Perception predicts that cross-modal orthographic and
phonological processing effects would be restricted to
bias effects. These models were not supported given
the sensitivity effect of orthographic lexical context
upon phonological discrimination. Both Borowsky et
al.’s results and the present results clearly indicated that
orthography does have a direct influence on phonolog-
ical discrimination sensitivity (i.e., at both phonemic
and spoken-word levels).
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Some models of word recognition are more flexible
in being modified to handle the present set of results.
Models that implement an interuactive activation frame-
work (McClelland & Rumelhart, 1981) of connectivity
between orthographic and phonological lexical repre-
sentations (Coltheart et al.,, 2001; Jacobs et al., 1998)
assume bidirectional connections. If one simply
assumes equally weighted bidirectional connections
between the orthographic and phonological lexical rep-
resentations, then asymmetrical effects (i.e., sensitivity
effects) tor both the phonological lexical discrimination
task (i.e., Experiments 1 and 2) and orthographic lexi-
cal discrimination task (i.e., Experiments 3 and 4)
should have been oburined. However, our results sug-
gest that the nature of the lexical-level connections
needs to reflect a greater influence of orthographic pro-
cessing on phonological processing.  As such, these
models would require that the equally bidirectional
connections at the lexical level be replaced with con-
nections that place a greater weighting on the connec-
tions from orthography to phonology.

The current study provides an important constraint
on the nature of the connections between lexical ortho-
araphic and phonological representations for models of
speech and visual word recognition. In general, the
present results are consistent with the fact that readers
have a lot of experience mapping written letters and
words onto phonological representations (Borowsky et
al., 1999: Frost & Katz, 1989). Future studies could
explore whether the opposite pattern of results (in pur-
ticulur, phonological lexical to orthographic lexical sen-
sitivity) would be observed for individuals who are
highly practiced in mapping spoken words onto ortho-
graphic representations (e.g., stenographers). Another
important direction for this research is to explore
semantic-mediated target discrimination, and the nature
of the connections between the semantic system and
the orthographic and phonological subsystems. For
example, one could examine a semantic-mediated ver-
sion of this paradigm whereby the imageability of the
targets (e.g., Strain, Patterson, & Seidenberg, 1995), or
the degree of polysemy (e.g., Borowsky & Masson,
1996) are manipulated, or whereby picture contexts are
used (Masson & Borowsky, 1998).
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Sommaire

Les gens sont souvent appelés a étre attentifs simul-
tanément 2 des stimuli provenant du lungage parlé et
des stimuli provenant du langage écrit. Par exemple,
les étudiants deoivent souvent suivre les notes présen-
tées sur des transparents pendant que le professeur lit
les notes a voix haute. Dans une telle situation, I'identi-
fication des mots parlés et des mots €crits met A contri-
bution lintégration du stimulus-cible et des sources
d'information contextuelles pertinentes. Ainsi, la fagon
dont les modéles de reconnaissance des mots parlés et
la reconnaissance visuelle des mots integrent en méme
temps des stimuli auditifs et des stimuli visuels revét
une importance théorique. Dans une éude antérieure,
Borowsky, Owen et Fonos (1999) ont démontré la
présence de connexions de traitement directes
lorsqu'on passait des représentations du grapheéme aux
représentations du phonéme (c.-a-d.. l'effet de sensibi-
lité) en plus de l'absence d'effets de biais, mais ces
liens n'ont pas été observés duns le sens inverse. Les
modeles de réseau neuronal sappliquant a la recon-
naissance des mots mettent en ceuvre une voie de
traitement orthographique et phonologique qui sup-
pose la présence des mémes connexions de traitement
de l'information sous-lexicale et lexicale et, par con-
séquent, laissent croire 2 la présence d'un patron simi-

Jaire s’appliquant aux effets de modéles intermodaux

dans le cas des modéles qui metient en ceuvre ce type
précis de connexion (c.-i-d., le traitement lexicul
orthographique influencerait directement le traitement
lexical phonologique, mais pas dans la direction
inverse). De plus, plusieurs modeles de perception des
mots écrits prédisent I'absence de connexion directe
entre les représentations orthographiques et les
représentations phonologiques, que les connexions
soient sous-lexicales ou lexicales.

Dans la présente €tude, nous examinons la nature
des connexions qui interviennent entre représentations
lexicales orthographiques et représentations lexicales
phonologiques en utilisant une variante récente du par-
adigme du choix forcé a deux alternatives (Borowsky
et al., 1999; Ratcliff & McKoon, 1997). Cette méthodolo-
gie permet aux chercheurs de distinguer certains effets
de sensibilité des effets de biais et, par conséquent,
d’examiner la nature des connexions entre représenta-
tions lexicales orthographiques et représentations lexi-
cales phonologiques. Les expériences 1 et 2 ont permis
de confirmer la présence d'une connexion directe
(c.-a-d., un effet de sensibilité) qui intervient depuis les
représentations lexicales orthographiques jusquiaux
représentations lexicales phonologiques. Les expéri-
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ences 3 et 4 ont permis de confirmer la présence d'un
effet de biais des contextes lexicaux phonologiques sur
les discriminations lexicales orthographiques. Dans
Pensemble, ces résultats suggérent I'existence de con-
nexions unidirectionnelles qui interviennent depuis le
sous-systéme de traitement lexical orthographique
jusqu'au sous-systéme de traitement lexical
phonologique. Bien que les modéles bidirectionnel et
unidirectionnel de reconnaissance des mots parlés et
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€crits, conjugués au présent ensemble de résultats,
puissent expliquer les résultats obtenus par Borowsky
et al. (1999), de telles conclusions s'avérent importantes
pour délimiter les types de connexions nécessaires 2 la
reconnaissance visuelle des mots et 2 la perception de
la parole et mettent en doute les modéles qui ne
prédisent pas que l'orthographe influence la phonolo-
gie (p. ex., Fowler & Deckle, 1991; Massaro, 1989).



