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Abstract

A picture-word interference paradigm with visually presented distractors
was used to investigate the independent effects of orthographic and phono-
logical facilitation on Mandarin monosyllabic word production. Both the
stimulus-onset asynchrony (SOA) and the picture-word relationship along
different lexical dimensions were varied. We observed a pure orthographic
facilitation effect and a pure phonological facilitation effect, and found that
the patterns of orthographic and phonological facilitation were different. Of
most interest, the additive effects of orthographic and phonological facilita-
tion at —150-ms and 0-ms SOAs indicated that the orthographic effect was
largely independent of the phonological effect on spoken picture naming.

We argue that the present findings are useful for constraining theoretical models of language
production and contend that theoretical models of word production need to consider independent
effects of orthography and phonology on picture naming, at least in Chinese.

Introduction

The picture—word interference task is a widely used paradigm to study the process
involved in speech production. In this task, a semantic relationship between a target
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114 Independent orthographic and phonological effects

picture and a distractor slows response time relative to an unrelated condition,
whereas a phonological relationship between a target picture and a distractor speeds
responses relative to an unrelated condition (e.g., Glaser & Diingelhoff, 1984; Lupker
& Katz, 1981; Schrieferes, Meyer, & Levelt, 1990; Starreveld & La Heij, 1995). These
two phenomena have been called the semantic interference effect and the phonological
facilitation effect, respectively. Both of these effects are an important constraint on
models of spoken word production (Levelt, Roelofs, & Meyer, 1999).

One question about the phonological facilitation effect concerns the importance
of purely sound based similarity between target and distractor. In most alphabetic
languages including English and Dutch, orthography and phonology are unavoidably
confounded. With the exception of examples such as ate vs. eight, words that are phono-
logically similar typically have substantial overlap in orthography. Lupker (1982), for
example, investigated the effects of phonetic and orthographic similarity between the
word and the picture’s name using a picture—word interference task in English. The
results showed that an orthographic similarity condition (e.g., lane—plane) facilitated
naming responses by 56 ms, and a phonetic similarity condition (e.g., brain—plane)
facilitated naming by approximately 20 ms, while the orthographic plus phonetic
similarity condition (e.g., year—bear) led to a 55-ms facilitation in comparison to the
unrelated condition. In addition, Underwood and Briggs (1984) found no priming
at all from phonetic similarity with substantial priming for the orthographic plus
phonetic similarity condition. Both studies suggest that in alphabetic scripts shared
orthography and shared phonology might play a different role in picture naming.

Research in alphabetic scripts has manipulated items that are relatively “ortho-
graphically related” or “phonologically related” and investigated “orthographic”
effects in studies with visual distractors and “phonological” effects with auditory
distractors (Damian & Martin, 1999; Schriefers et al., 1990; Starreveld & La Heij, 1995,
1996). However, any phonological effect found with English or Dutch materials will
reflect the contribution of shared orthography between the distractor word and the
target name. This combined effect raises two questions: one is the relative contribu-
tion of the orthographic and phonological factors in a picture—word task. Another
is the locus of the combined orthographic and phonological effects (Starreveld & La
Heij, 1995). Due to the confounding of orthography and phonology in alphabetic
languages, it is difficult to investigate these two questions experimentally. Any effect
of phonological facilitation can always be confounded with the automatic activation
of target orthography at some level.

A few behavioral studies suggest that orthographic information is activated
automatically in speech production (e.g., Damian & Bowers, 2003; Osborne, Rastle,
& Burke, 2004). Damian and Bowers (2003), using a form preparation paradigm,
investigated the effect of orthographic activation on single word production. The
results showed a reliable priming effect in a homogenous condition in which all
response words share initial sound and spelling (e.g., “camel”—“coffee”“cushion”),
with no priming effect in an inconsistent condition in which all response words
share initial sound, but differ in spelling (e.g., “camel”“kayak”—“kidney”) and in a
heterogeneous condition in which all response words share neither initial sound nor
spelling (e.g., “camel”“gypsy”—"“cushion”). Their findings suggest that response words
sharing only initial sound cannot produce reliable priming, and that incongruent
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orthography disrupts the phonological priming effect. Hence, when retrieving the
phonological codes of responses words, although orthographic information is irrel-
evant to speaking process, the orthographic codes impact on speech production.
Models of oral reading in alphabetic scripts can explain effects of orthography on
production because orthographic representations become automatically activated via
feedback connections between phonology and orthography at the lexical level (e.g.,
Coltheart, Rastle, Perry, Langdon, & Zeigler, 2001).

In non-alphabetic languages such as Chinese, the representations of orthography
and phonology are relatively independent (Chen & Juola, 1982). For example, given
a picture “bed” (X in Chinese, /chuang?2/), there is a pure orthographically related
Chinese character “FK” (/qing4/ in phonetic pinyin, meaning celebration), with a
phonetic pronunciation that is totally dissimilar to the pronunciation of the target;
and there is a pure phonologically related Chinese character “81”(/chuangd/, creation),
with a visual form that is totally dissimilar to that of the target. Thus, it is possible
to isolate orthographic and phonological effects independently with a picture—word
interference task in Chinese.

As in models of oral reading in alphabetic languages, we can assume a direct
lexical connection between orthography and phonology based on data from aphasic
patients (Weekes, Chen, & Yin, 1997) and computational models (Perfetti, Liu, & Tan,
2005) in addition to an indirect semantic route that links orthography to phonology
via semantic representations. This triangle framework is depicted in Figure 1 (adapted
from Weekes et al., 1997). These models assume independent levels of representa-
tion for orthography and phonology that are linked via feedback mappings so that
facilitation of picture naming in Chinese is theoretically possible if a distractor shares
orthography with the target name or shares phonology with the target name or both.
These models also allow for independent effects of orthographic and phonological

Figure 1

Functional model of reading and writing in Chinese
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facilitation so that if target and distractor share orthography but not phonology or
conversely share phonology but not orthography then facilitation will still be observed.
Although this theoretical possibility is largely moot in alphabetic languages and will
always remain so, the opportunity to test these predictions in Chinese presents itself
as an interesting addition to the literature on picture word facilitation.

Weekes, Davies, and Chen (2002) used this opportunity and investigated the
independent effects of orthographic and phonological relatedness on picture naming
in Chinese. They manipulated items that were orthographically but not phonologically
related and items that were phonologically but not orthographically related and found
effects of orthographic facilitation on picture naming that were independent of any
phonological relation in addition to independent effects of phonological facilitation
on picture naming. They also reported that there was no significant interaction
between the two factors when pictures and distractors were presented simultaneously,
that is, at an SOA of 0 ms. They suggested that the independent orthographic effect
was due to the automatic activation of the orthographic representation of the target
that fed forward to the name of the target picture to produce a facilitation effect.
They also argued that the independent phonological effect was due to activation of
the target name via the direct lexical mappings between (unrelated) orthography
and phonology. Although these effects supported the predictions described above,
Weekes et al. (2002) did not consider whether additive or interactive patterns between
orthographic and phonological relatedness occur at different SOAs. This question is
important for theoretical reasons because any evidence of interactive (non-additive)
effects challenges the claim put forward by Weekes et al. (2002) that orthography and
phonology have independent effects on spoken word production in Chinese.

The present study was designed to investigate the patterns of the orthographic
and phonological facilitation effects on spoken word production in Mandarin. We
used a picture—word interference paradigm similar to the one used by Schriefers
et al. (1990) and Starreveld and La Heij (1995, 1996). Participants were required to
name a target picture and ignore a distractor word. Five experimental conditions were
constructed each with a unique picture-word relationship (i.e., semantically related,
phonologically related, orthographically related, orthographically and phonologically
related, and unrelated). The onset of a distractor word was varied to occur before
(negative SOA), after (positive SOA), or simultaneously with the onset of the target
picture, using three levels of SOA (150 ms, 0 ms, and 150 ms). Furthermore, two
main variables (i.e., orthographic and phonological relatedness between the name
of a target picture and the corresponding distractor) were factorially manipulated in
the experiment as in Weekes et al. (2002).

Our manipulation of SOA allows us to test some predictions about the time
course of the facilitatory effects. All models of word recognition assume that
orthography is activated before phonological output (e.g., Coltheart, 1978; Forster
& Davis, 1991; van Orden, 1987). A few studies of visual word recognition in Chinese
provide evidence for this assumption. For example, Chen, Flores d’Arcais, and
Cheung (1995), Leck, Weekes, and Chen (1995), as well as Wong and Chen (1999)
found robust orthographic effects in the early stage of visual word reading, while
Chen and Shu (2001) found a phonological effect occurred in a relatively late stage of
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visual word reading. Given these findings we expect any independent orthographic
facilitation effect to occur before any independent phonological effect. Based
on Sternberg’s (1969) additive factors logic, assuming that the phonological and
orthographic effects arise at independent levels of processing, we would expect to
find that their effects are also additive. On the other hand, if the phonological and
orthographic effects arise at the same level of processing, we would expect to find
non-additive effects.

Method

2.1

Participants

Ninety undergraduate students from China Agricultural University participated.
All were native speakers of Mandarin Chinese with normal or corrected to normal
vision.

2.2

Materials

Twenty target pictures with monosyllabic names were selected from Zhang and Yang’s
(2003) picture database. Each target was matched with five different distractor words,
corresponding to five different distractor types respectively (i.e., orthographically
related, phonologically related, orthographically and phonologically related, semanti-
cally related, and unrelated). Each semantically related distractor was semantically
associated with the corresponding picture in the sense that they belonged to the
same semantic category, but they could not be combined with the picture name to
form a disyllabic word. In addition, each semantically related word and the name
of its corresponding picture did not share the same semantic radical, such as “f8”
(/guil/, turtle) and “i” (fwall, frog). The phonologically related words shared the
same syllable with the target, but had a different tone and were orthographically and
semantically unrelated to the target. The orthographically related distractors were
chosen from Han’s (1993) feature information database of Chinese characters. Each
of them shared the same visual structure and a part of the character with the name
of the corresponding picture. They were phonologically and semantically unrelated
to the target. Each orthographically and phonologically related distractor shared
(a) the same character structure, (b) part of the character component, and (c) the
same syllable with the name of the corresponding picture. They were semantically
unrelated to the target. The unrelated words were semantically, orthographically, and
phonologically unrelated to the picture names. A complete list of target pictures and
distractor words are shown in the Appendix. Distractors in different conditions were
carefully matched for the number of strokes and for their written word frequency
based on normative information reported by the Beijing Language Institute (1986).
Pair-wise comparisons revealed that the mean frequencies of words in various condi-
tions were not significantly different from each other. As an example, five distractor
types for the picture “bed” and the means of strokes and the median frequencies of
written word of all stimuli and distractor are shown in Table 1.
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Table 1

Examples of stimuli used in the experiment and the means of word complexity (number of
strokes) and the median frequencies of written word (per million)

Distractor type

Orth-pho  Semanti- Ortho- Phonologi-  Unrelated
related cally related  graphically cally related
related
S & L/ 73 ol %

Meaning bed sore pillow celebration creation wheat
Phonetics /chuang2/  /chuangl/ /zhen3/ /qing4/ /chuang4/ /shenl/
Median 91 20 54 41 47 64
frequency
Number of 10.10 9.80 9.80 9.35 9.00 10.40
strokes

Note: orth-pho = orthographic-phonologically related.

2.3

Design

The design included a within-subjects factor distractor type with five levels and a
between-subjects factor SOA with three levels: —150 ms, 0 ms, 150 ms. Each participant
saw 20 target pictures five times. In addition, in order to avoid each picture being seen
too many times by each participant, SOA was selected as a between-subjects variable.
The combination of target and distractor word was presented using three SOAs.
Because there were 20 targets, each presented in five different interfering conditions,
the experiment contained 100 different interfering word and target combinations.
Fifteen practice pictures were presented twice with two unrelated words, so the
experimental trials were preceded by 30 practice trials. The 30 practice trials were
followed by 100 experimental trials per series, presented in a pseudorandom order.
To reduce possible repetition effects due to repeated presentation of the same picture,
the presentation of a target picture was always separated by the presentation of at
least five other pictures. Participants were trained to familiarize themselves with the
experiment procedure. The practice pictures were different from the target pictures
in the experiment.

2.4

Apparatus

The experiment was programmed using E-Prime Professional Software (Beta 4.0).
Presentation of stimuli and collection of reaction times was performed using a fast
Pentium-compatible PC. The pictures were presented on a high-resolution monitor
(800 x 600). The response was recorded by a microphone, which was connected with
the computer via a PST Serial Response Box.
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2.5

Procedure

Participants were tested individually. They sat in a dimly lit room at a comfortable
viewing distance in front of the computer. Before the experiment, participants were
told that their task was to name the pictures. First, the participants were familiar-
ized with the set of experimental pictures by viewing each target picture for 3000 ms
with the picture name printed below each picture. Then, 35 pictures (15 for practice
and 20 for experiment) were presented on the computer screen successively for the
participants to give the names of the pictures. If their responses were not as expected,
the experimenter corrected them until the participants could name the pictures with
the correct words. Finally, the experimental blocks were administered with 30 practice
trials and 100 experimental trials in each block.

Each trial involved the following sequence: A fixation point (+) presented in the
middle of the screen for 500 ms, followed by a blank screen for 500 ms. After that
the first stimulus (i.e., either the distractor word or the target picture) appeared, then
the second one appeared after a pre-specified SOA. Then, the word and the picture
were presented until the participant made a vocal response. The participants were
asked to name the picture as quickly as possible, while ignoring the word as best as
they could. Following each naming response, the experimenter judged the response
to be correct or not. The interval between two trials was 2000 ms.

Results

Picture naming times from incorrect and other responses were removed. Naming
latencies longer than 1500 ms or shorter than 200 ms and those deviating by more than
three standard deviations from their cell means were also discarded. The above three
criteria accounted for 2.1%, 1.2%, and 1.3% of the data respectively. All analyses were
performed on the remaining data. Table 2 shows the means and error percentages
for each condition.

Table 2

Participant reaction times means (ms) per condition and error percentage
Distractor types S0As

—150 MS 0 MS 150 MS
M % error M % error M % error

Semantic 740 3.50 716 4.50 668 5.33
Orth-pho 641 0.33 612 1.00 632 1.33
Phonological 697 0.67 646 1.33 652 2.00
Orthographic 659 2.50 630 1.00 632 2.00
Unrelated 701 1.33 683 2.17 676 2.17

Note: M = mean; orth-pho = orthographic-phonologically related.
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An ANOVA (FI) was conducted per participant with distractor type as a within-
subjects factor and SOA as a between-subjects factor. The item analysis (F2) was
performed with both distractor type and SOA as within-items factors. For naming
latencies analyses, the SOA effect was not significant in the participant analysis
FI1(2,87)=1.55, p < .22, but significant in the item analysis F2(2, 38) = 21.55, p < .001.
The effect of distractor type was significant F1(4, 348) = 113.24, p < .001; F2(4, 76) =
25.17, p < .001, and the interaction of SOA and distractor type was significant in the
participant analysis FI(8, 348) = 7.96, p < .001, but not in the item analysis F2(8§, 152)
= 1.19, p < .31. Newman-Keuls pair-wise comparisons were conducted to compare
the unrelated condition with other conditions. The results showed that the semantic
interference effect occurred at —150-ms and 0-ms SOAs, both ps < .05, whereas the
phonological facilitation effect appeared at 0-ms and 150-ms SOAs, both ps < .05.
The orthographic facilitation effect and orth-pho facilitation effect were significant
at SOAs ranging from —150 ms to 150 ms, all ps < .05.

For error rates analyses, the SOA effect was significant in the participant analysis
FI(2,87)=3.95, p <.05, but not in the item analysis F2(2, 38) = 2.75, p <.08. The effect
of distractor type was significant F1(4, 348) = 17.48, p < .001; F2(4, 76) = 5.97, p < .00L.
The interaction of SOA and distractor type was not significant in both analyses F1(8,
348) = 1.02, p < .43; F2(8, 152) = 0.44, p < .90. No other effects were significant.

Because orthographic relatedness and phonological relatedness were factorially
manipulated, two additional ANOVAs were conducted on the data, excluding those from
the semantically-related condition. In these analyses, the unrelated condition was treated
as orthographically and phonologically unrelated. For the participant analyses, there
were two within-subjects factors (orthographic relatedness and phonological relatedness)
and one between-subjects factor (SOA). For the item analyses, there were three within-
items factors: orthographic relatedness, phonological relatedness, and SOA.

For naming latencies analyses, the effect of SOA was not significant in the
participant analysis FI(2, 87) = 1.25, p < .30, but was significant in the item analysis
F2(2,38)=17.03, p < .001. The effect of orthographic relatedness was significant FI(1,
87)=207.49, p <.001, F2(1, 19) = 31.31, p < .001. The effect of phonological relatedness
was significant FI(1, 87) = 36.61, p < .001; F2(1, 19) = 9.24, p < .01. The interaction of
SOA and phonological relatedness was significant in the participant analysis F1(2, 87)
=3.44, p < .05, but not in the item analysis F2(2, 38) = 0.80, p < .46. The interaction
of SOA and orthographic relatedness was marginally significant in the participant
analysis F1(2, 87) = 3.00, p < .06, but not in the item analysis F2(2, 38) = 0.59, p < .60.
The interaction of orthographic relatedness and phonological relatedness was not
significant in either analysis FI(1, 87) = 2.56, p < .12; F2(1, 19) = 0.81, p < .39.

More crucially, the three-way interaction (SOA X phonological relatedness
x orthographic relatedness) was significant in the participant analysis FI1(2, 87) =
4.07, p < .05, but not in the item analysis F2(2, 38) = 1.05, p < .36. This three-way
interaction revealed that different patterns of phonological relatedness by ortho-
graphic relatedness were observed across various SOAs (see Figure 2 for the two-way
effects as a function of SOA). Specifically, the interaction of orthographic relatedness
and phonological relatedness was significant at the 150-ms SOA FI(1, 29) = 10.61,
p<.01; F2(1, 19) = 1.66, p < .22. However, this interaction was not significant at —150-ms
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FI(1,29) = 1.24, p < .28; F2(1, 19) = 0.39, p < .55 or 0-ms SOA FI(1, 29) = 3.30, p < .09;

F2(1,19) =121, p <.

29. The analyses on error rates showed only a significant effect

of phonological relatedness in the participant analysis FI(1, 87) = 8.98, p < .01. No
other effects were significant.

Figure 2

Phonological and orthographic facilitation effects as a function of SOA
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The present study investigated (1) the patterns of the orthographic and phonological
effects in Chinese picture naming at different SOAs, and (2) whether there is an inter-
action between orthographic and phonological relatedness at different SOAs using
a picture—word interference task. The findings can be summarized as follows. First,
we found a pure orthographic facilitation effect and a pure phonological facilitation
effect as reported by Weekes et al. (2002); however, the patterns were very different
across SOA. Second, the orthographic effect was independent from the phonological
effect at the 0 ms SOA as reported by Weekes et al. (2002). However, there was evidence
of interactive effects between orthography and phonology on picture naming at an

SOA of 150 ms.
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Specifically, the results revealed that a phonological facilitation effect occurred
between 0-ms and 150-ms SOAs, and an orthographic facilitation effect spanned a
range of SOAs from —150 ms to 150 ms. The magnitude of the phonological effect
was comparable to that found in other studies (e.g., Lupker, 1982; Rayner & Springer,
1986; Starreveld & La Heij, 1995, 1996), but was smaller than the magnitude of the
orthographic effect. The results also showed that the phonological effect decayed
faster than the orthographic effect. The orthographic effects were almost the same
across the SOA intervals: It was 60 ms at —150-ms SOA, 53 ms at 0-ms SOA, and 44 ms
at 150-ms SOA. However, the phonological effects decreased quickly: The maximum
was 43 ms at 0-ms SOA, and 24 ms at 150-ms SOA. The decreasing tendency of the
orthographic-phonological facilitation effects was as follows: The maximum was
71 ms at 0-ms SOA, 60 ms at —150-ms SOA, and 44 ms at 150-ms SOA. Clearly, the
orthographic effects were generally compatible with the orthographic-phonological
effects at different SOAs. In short, relative to the phonological effect, the orthographic
effect not only appeared earlier and lasted longer, but its magnitude was also larger
than that of the phonological effect.

The mentioned results are particularly interesting for the following reasons. First,
the picture naming task adopted in the present study demands the use of phonological
information, but not orthographic information. Second, the degree of phonological
similarity between distractors and picture names is actually higher than the degree
of orthographic similarity. This is because the phonologically related words differed
only in tone, which is often neglected in behavioral tasks such as syllable comparison
for auditory stimuli (Cutler & Chen, 1997) and homophone judgment for written
characters (Taft & Chen, 1992), whereas the orthographically related characters
differed in a major radical, which is rather distinct. Thus, one might expect to find a
more prominent phonological effect in picture naming. However, an opposite pattern
of results was found. Since speech production in Chinese has rarely been investigated,
the mentioned results provide important new evidence for the idea that orthographic
information plays a particularly important role in Chinese language processing (e.g.,
Chen et al., 1995; Chen & Shu, 2001; Wong & Chen, 1999).

Another striking finding of the present study is the absence of an interaction
between orthographic and phonological facilitation on picture naming at —150-ms and
0-ms SOAs. At —150-ms SOA, the orthographic-phonological facilitation effect was
60 ms, the orthographic effect was 42 ms, and the phonological effect was negligible
(4 ms). Also, at 0-ms SOA, the orthographic-phonological facilitation effect was 61
ms, the orthographic effect was 53 ms, and the phonological effect was 37 ms. It
appears that the orthographic effects were generally compatible with the orthographic-
phonological effects and all of them were clearly larger than the phonological effects.
The present findings at 0-ms SOA are consistent with those reported by Weekes et al.
(2002), indicating that these are robust results. Taken together these results suggest
that orthographic and phonological effects in picture naming in Chinese are additive
in general and might arise at independent levels during picture naming as depicted
in Figure 1.

Still another notable result is the interaction between orthographic and phono-
logical relatedness at 150-ms SOA, suggesting that the orthographic and phonological
facilitation effects are non-additive at this particular SOA. The effect of phonological
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relatedness was attenuated when there was an orthographic relation between distrac-
tors and picture names. Damian and Bowers (2003)’s study found that orthographic
codes may be activated when retrieving the phonological coding of the responses
words. Hoshino and Kroll (2007) suggested that all lexical codes are connected
bi-directionally in lexical processing such that orthography modulates phonological
processing during spoken word production. In addition, established models of
visual word recognition assume that there are strong bi-directional interactions
between orthographic and phonological representations, and Coltheart et al. (2001)
implemented this assumption in a number of computational models. Although compu-
tational models of oral reading in Chinese do not require automatic feedback between
orthography and phonology during lexical processing in Chinese (see Perfetti et al.,
2005, for discussion), the framework in Figure 1 allows feedback to occur. We contend,
therefore, that the orthographic and phonological information was co-activated ata
later stage of word production during the experiment.

In sum, the present study demonstrated a pure orthographic facilitation effect
and a pure phonological effect, and the results indicated that the pattern of effects
was very different across SOAs. More importantly, the additive effects of orthographic
and phonological relatedness at —150-ms and 0-ms SOAs indicated that orthographic
facilitation is largely independent from the phonological facilitation in the picture—
word interference task, though interactive effects might appear at later SOAs. Our
results further suggest that theoretical models of word production need to consider
the effects of orthography and phonology on picture naming independently, at least
in Chinese.
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