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Abstract Empirical evidence for a functional role of syllables in visual word
processing is abundant, however it remains rather heterogeneous. The present study
aims to further specify the role of syllables and the cognitive accessibility of syllabic
information in word processing. The first experiment compared performance across
naming and lexical decision tasks by manipulating the number of syllables in words
and non-words. Results showed a syllable number effect in both the naming task and
the lexical decision task. The second experiment introduced a stimulus set consisting
of isolated syllabic and non-syllabic trigrams. Syllable frequency was manipulated in
a naming and in a decision task requiring participants to decide on the syllabic status
of letter strings. Results showed faster responses for syllables than for non-syllables in
both tasks. Syllable frequency effects were observed in the decision task. In summary,
the results from these manipulations of different types of syllable information confirm
an important role of syllabic units in both recognition and production.

Keywords Lexical decision - Naming - Syllable number - Syllable frequency -
Visual word processing

Introduction

From the field of language production, numerous results exist that provide evidence
in favor of syllables as production units, leading to the widely accepted conclusion that
the syllable is a psychologically real unit in language production (Levelt & Wheeldon,
1994; Santiago, MacKay, Palma, & Rho, 2000). In contrast, evidence from studies in
visual word recognition is rather heterogeneous, with a large variety of alternative
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units of different grain size being discussed, for example, graphemes (Rey, Ziegler,
& Jacobs, 2000), bigrams (Massaro & Cohen, 1994), or larger grapheme clusters
(Seidenberg, 1987). Given the wide range of different sublexical units that are pro-
posed to be functional during the reading process, some authors even have assumed
that units in addition to letters and phonemes are not needed in order to account
for the process of visual word recognition (Kwantes & Mewhort, 1999). Still, most
approaches agree on the relevance of sublexical units in word processing (see, discus-
sion in Aichert & Ziegler, 2005; Hofmann, Stenneken, Conrad & Jacobs, 2006).

Empirical support for the role of syllables as units relevant in both recognition and
production is provided by experimental paradigms such as priming (Ferrand, Segui, &
Grainger, 1996), monitoring of inner speech (Wheeldon & Levelt, 1995), and illusory
conjunctions (Prinzmetal, Treiman, & Rho, 1986; Rapp, 1992). However, some of the
studies reported partly incompatible results which may be attributed to the character-
istics of different languages or the use of slightly different paradigms (Schiller, 1998).
Empirical studies also differ according to the experimental operationalization used to
investigate syllabic processing. Two groups of studies which form the empirical basis
for the present study will be discussed here in more detail, i.e., studies that manipulate
the number of syllables in words and studies that manipulate the frequency of syllables.

The experimental manipulation of the number of syllables within words has repeat-
edly resulted in longer response latencies for stimuli with increasing number of syl-
lables. This has been reported in picture naming (Klapp, Anderson, & Berrian, 1973;
Santiago et al., 2000), word naming (Lee, 2001; Ferrand & New, 2003), two-digit
number naming (Spoehr & Smith, 1973), and a same-different judgment task (Klapp,
1971). Results are not always consistent, for example, the typical syllable-number
effect has been reported for words with four letters but a reversed tendency for words
with six letters (Lee, 2001). The syllable number effect was also found to be restricted
to the naming of low frequency words (Jared & Seidenberg, 1990), and it was found
to be inexistent in some picture and symbol naming studies (e.g. Forster & Chambers,
1973; Bachoud-Levy, Dupoux, Cohen, & Mehler, 1998). The influence of syllable
number has seldom been investigated in lexical decision, however one recent study
does report a syllable number effect for lexical decision on low-frequency words in
French (Ferrand & New, 2003). In general, interpretations of the results are con-
strained by the fact that the number of syllables is typically correlated with word
length. Accordingly, results have been controversially discussed (Eriksen, Pollack, &
Montague, 1970; Santiago, MacKay, & Palma, 2002; Roelofs, 2002).

Recently, another approach has emerged to investigate the role of syllables in lan-
guage processing where the frequency of syllables in words is manipulated. Lexical
decision studies in a variety of languages have demonstrated an inhibitory syllable
frequency effect, i.e., a slower processing of words when the first syllable is of high fre-
quency as to low frequency (for Spanish: Carreiras & Alvarez, & de Vega, 1993; Perea
& Carreiras, 1998; for German: Conrad & Jacobs, 2004; for French: Mathey & Zagar,
2002). Explanatory accounts have attributed this effect to an inhibition of target word
processing by interference from syllabic neighbors (i.e., words sharing a syllable with
the target word). In contrast, facilitatory effects of high syllable frequency have been
reported in language production studies involving symbol and word naming tasks (e.g.,
for Dutch: Levelt & Wheeldon, 1994; Cholin, Levelt, & Schiller, 2006 for Spanish:
Perea & Carreiras, 1998, Carreiras & Perea, 2004a). Effects of syllable frequency can
be considered reliable and have been reflected in different methodologies, including
event-related potentials (Barber, Vergara, & Carreiras, 2004; Hutzler et al., 2004),
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and eye movement measures (Carreiras & Perea, 2004b; Hutzler, Conrad, & Jacobs,
2005). Additionally, syllable frequency effects have been reported in special popula-
tions, such as participants with acquired disorders in language production (Aichert
& Ziegler, 2004; Laganaro, 2005; Stenneken, Hofmann, & Jacobs, 2005), and those
with acquired reading disorders (Stenneken, Conrad, Goldenberg, & Jacobs, 2003;
Stenneken, Conrad, Hutzler, Braun, & Jacobs, 2005) or developmental reading dis-
orders (Rodrigo Lopez, & Jiménez Gonzilez, 2000).

To summarize, various empirical studies support the status of syllables as functional
units in visual word processing, but partly provide diverging results coming from a
variety of different tasks. To further explore the relevance of syllables in German,
a language with rather regular orthography, we conducted a series of experiments
investigating visual processing of an identical stimulus set used in production and in
recognition tasks. This allowed us to investigate performance in tasks either requir-
ing explicit phonological output (naming tasks) or access to stored representations
without overt pronunciation (decision tasks). Specifically, different aspects of syllabic
information were manipulated. In study 1, the number of syllables within words of
equal length were varied and in study 2 the syllable status and the syllable frequency
of monosyllabic letter strings were manipulated.

Study 1: Manipulating the Number of Syllables

The empirical basis of the first study is the syllable-number effect reported in previous
studies on word naming, specifically, the naming latencies for words increase with the
number of syllables they contain. In the first place, the present study investigated
whether the syllable-number effect in the naming task described for English and
French can be replicated for German. The German language contains considerably
complex syllable structures allowing for larger clusters of segments in onset and coda
positions. Thus, the manipulation of syllable number can be realized with a compar-
atively large number of words with one, two or three syllables while controlling for
word frequency and length. For the naming task, we expected longer latencies with an
increasing number of syllables, which would support previous interpretations of the
syllable-number effect as an output preparation effect (Santiago et al., 2000). Second,
the comparison of a naming task and a lexical decision task aimed to further specify
the relevant processing level of the syllable-number effect. For the lexical decision
task, expectations were based only on a small empirical basis, where a syllable-num-
ber effect in lexical decision has been recently reported for French low-frequency
disyllabic and trisyllabic words (Ferrand & New, 2003). No results are available for
non-words in lexical decision. Accordingly, we sought to replicate the syllable number
effect in the present lexical decision task for German words consisting of one to three
syllables.

Method
Participants

Two tasks using identical stimulus material were administered in a between-subjects
design. The naming task (task 1) was performed by 27 participants (23 female, four
male) aged between 19 and 37 years (mean 21). The lexical decision task (task 2) was
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performed by 27 participants (19 female, eight male) aged between 18 and 29 years
(average 22.6). All participants were native German speakers, right-handed and had
normal or corrected to normal vision. They were students of Eichstitt-Ingolstadt
University and received credit for course requirements.

Stimuli

The stimulus set included 294 items, 147 words, and 147 legal non-words, each con-
sisting of six letters. Words and non-words had equal numbers of monosyllabic, disyl-
labic, and trisyllabic items, leading to six subsets of 49 items each. Initial phonemes
were equally distributed in these six subsets. The three subsets of word stimuli were
matched for word frequency, and as closely as possible for the density and frequency of
orthographic neighborhood. That is, neighborhood density and the number of higher
frequency orthographic neighbors did not differ between monosyllabic and disyllabic
words. Both measures were diminished for trisyllabic words relative to mono- and
disyllabic words. All non-word subsets were matched for the number of orthographic
neighbors.

Procedure

Participants were tested individually in a quiet room, where they were seated at a
distance of 0.5m from a computer monitor. Stimulus presentation started with a fix-
ation cross (duration 500 ms), followed by an interval of 100-900 ms in the naming
task and a fixed interval of 500 ms in the lexical decision task and then the target
letter string. All stimuli were displayed in font Courier size 24 in black color and were
presented on a white background in the center of the computer screen (17" ProNitron
17/200 -Monitor). The computer (Power Macintosh G3, Mac OS 9.04) controlled the
procedure and responses were recorded via a button box (New Micros). In the word
naming task, the onset times of the verbal responses were measured via a voice key
microphone and responses were recorded on DAT tape. In the lexical decision task,
participants pressed one of two response keys with their left or right index fingers to
indicate that the displayed stimulus was either a standard German word or not. The
assignment of keys was reversed for half of the participants. In both tasks, participants
were instructed to respond as fast as possible without making errors. The experiment
started with a practice block of ten trials.

Results
Data Analyses

Responses with latencies outside the range of two standard deviations from the indi-
vidual means of participants were excluded (7.95% in the naming task and 0% in the
lexical decision task). In the item-based analyses of the naming task, 11 items were
excluded due to an incorrect response in the majority of participants. Data analyses
focused on reaction times, considering correct responses only.

Naming Task

Reaction times in the naming task were submitted to an analysis of variance
(ANOVA) with the factors lexicality (word, non-word) and number of syllables
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[1,2, or 3 syllables). Results showed a significant main effect of lexicality in analyses
by subjects and by items (F1[1,26] = 55.87,p < 0.001; F>[1,227] = 80.69,p < 0.001)
indicating faster responses to words than to non-words. Moreover, results show
a significant effect of syllable number (F1[2,52] = 14.09,p < 0.001; F»[2,227] =
3.19, p = 0.043) and a significant interaction of the two factors in the subject anal-
ysis (F1[2,52] = 5.97, p = 0.005; F>[2,277] = 1.51, p = 0.222). Additional pairwise
comparisons within the subgroup of word stimuli revealed significant differences be-
tween monosyllabic words and disyllabic words (1[26] = 2.89, p = 0.008), where
both categories were not different from trisyllabic words (p-values > 0.120). Within
the group of non-words, differences were significant between monosyllabic and disyl-
labic stimuli (¢[26] = 2.38, p = 0.025) and between disyllabic and trisyllabic stimuli
(t[26] = 3.60, p = 0.001). Mean response latencies were 572 ms (SD103.16) for mono-
syllabic words, 582ms (§D109.37) for disyllabic words, and 578 ms (§D101.18) for
trisyllabic words. Within the group of non-words, mean response times were 613 ms
(8D124.59) for monosyllabic, 622 ms (SD132.57) for disyllabic, and 637 ms (SD141.91)
for trisyllabic stimuli (Fig. 1). Errors (below 3.5% in each condition) were not included
in statistical analyses.

Lexical Decision Task

Reaction times in the decision task were submitted to an ANOVA with the factors lexi-
cality (word, non-word) and number of syllables (1,2, or 3 syllables). A significant main
effect for lexicality was observed (Fi[1,26] = 28.77, p < 0.001; F>[1,288] = 37.15
p < 0.001), indicating faster responses to words than to non-words. No significant main
effect was obtained for syllable number (F;[2,52] = 0.645, p = 0.529; F»[2,288] =
0.23, p = 0.795), however the interaction of the two factors was significant in subject
analysis (F1[2,52] = 6.17, p = 0.004; F»[2,288] = 0.90, p = 0.410). Separate pair-
wise tests revealed that reaction times for word stimuli increased as the number of
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Fig.1 Mean reaction times in the naming task as a function of the number of syllables in words and
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syllables increased. On the contrary, reaction times for non-words decreased as the
number of syllables increased. These differences reached significance only between
monosyllabic and trisyllabic stimuli (words: [26] = 2.35, p = 0.027, non-words:
1[26] = 2.88, p = 0.008). In the subgroup of word stimuli, the mean reaction times
were 611 ms ($D107.39) for monosyllabic stimuli, 615ms ($D112.16) for disyllabic
stimuli, and 626 ms (§D114.96) for trisyllabic stimuli. In the subgroup of non-word
stimuli, mean reaction times were 714 ms (§D179.01) for monosyllabic stimuli, 702 ms
(8D164.95) for disyllabic stimuli, and 690 ms (SD180.78) for trisyllabic stimuli (Fig.
2). As in the naming task, errors in lexical decision (below 6% in all conditions) were
not included in statistical analyses. Numerical tendencies in error rates correspond to
the reaction time results for words and non-words, respectively.

Discussion

As expected, the manipulation of the number of syllables in stimuli of equal length sys-
tematically affected the performance in word and non-word naming. Naming latencies
were larger with increasing number of syllables. A comparable finding, where more
syllables elicited longer response latencies, was obtained in the lexical decision task
for word stimuli. In contrast, non-words showed increased lexical decision latencies
for a smaller number of syllables.

The results of the naming task are in accordance with previous findings from a
variety of naming paradigms and languages investigated (for recent overviews, see
Ferrand & Segui, 2003; Ziegler, 2005). In general our data support a role of syllables
in overt naming, although the syllable number effect did not reach significance for
the comparison of bi- and tri-syllabic word stimuli. Additionally, these results provide
the first evidence for syllabic effects in visual word naming in German, a language
with considerably complex syllable structure. With regard to the processing levels in
language production, the findings support the notion that the syllable number effect
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Fig. 2 Mean reaction times in the lexical decision task as a function of the number of syllables in
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is related to processes of phonological encoding and speech output preparation, in
that a higher number of syllables would require longer processing times. This view of
a non-lexical effect is strengthened by the present finding that both words and non-
words were affected in a similar manner, indicating no or only weak lexical influences.
Finally, the results of the present study have ruled out alternative explanations based
on possible confounds, like the number of letters or word frequency, as these factors
were controlled for. In addition, with regard to the control for neighborhood density
within the non-word material we concluded that the observed effect cannot be attrib-
uted to this measure. Thus, based on previous findings, the syllable number effect in
the naming task of the present study can be characterized as reflecting phonological
encoding mechanisms in which the syllable constitutes a relevant unit.

More specific conclusions about the locus of the syllable number effect can be
drawn from the results in the lexical decision task. Here, the number of syllables
within a given stimulus affected response times for both words and non-words. As
far as word stimuli are concerned, this finding is comparable to the results from the
naming task and replicates previous empirical evidence for an influence of the num-
ber of syllables on lexical decision times from Ferrand & New (2003), who obtained
the effect for low frequency French words. Since no overt pronunciation is required
in the lexical decision task, this finding is unlikely to reflect preparation of phono-
logical output. Moreover, in the lexical decision task of study 1 significant syllable
number effects are present in the data for both words and non-words. We therefore
conclude that this effect relates to pre-lexical processing where the orthographic input
is segmented into syllabic constituents. Thus access to word forms would take longer
for stimuli with more syllables than for those with fewer syllables. For the rejection
of non-words, our results showed that response latencies decreased as the number
of syllables within a non-word letter string increased, which is a novel finding. This
dissociation of the syllable number effect for words and non-words can easily be
accounted for assuming that the number of syllables within a given letter string of
fixed length is a good indicator for the probability that this letter string would be a
word. Given the general syllabic structure of the German language, where syllables
tend to be far more complex than, for instance, in Romance languages, the percent-
age of German six letters words containing three syllables is very low. Therefore, the
number of syllables within a six letters string can be considered a determinant of
“word-likeliness” which would explain why non-words in the lexical decision task of
study 1 are rejected more rapidly when containing three syllables. Given the control
for orthographic neighborhood, purely orthographic processing that would not refer
to the syllabic structure of non-words could not explain the present effect.

A general aim of the present study was to investigate the performance on identical
stimulus sets in a production and a recognition task. The present study established the
syllable number effect for German in the production task and in the lexical decision
task. The fact that the syllable number effect was not restricted to a task requiring
phonological output suggests that in German, syllables are functional units not only
for the preparation of speech but also during visual word recognition.

Study 2: Manipulating Syllable Frequency

Based on the above evidence for a syllable number effect in German, the second
study focused on syllable frequency. As mentioned above, manipulations of syllable
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frequency have been used as an alternative experimental approach to the investigation
of syllabic processing. Effects of syllable frequency in lexical decision have success-
fully been demonstrated for the German orthography (Conrad & Jacobs, 2004). The
present study investigates syllable frequency effects in a novel decision task and a
naming task performed on isolated syllables and letter strings rather than word units.
The syllable decision task required participants to indicate whether a displayed letter
string could occur as a syllable in German. In the naming task, participants read aloud
the letter strings. In both tasks, the relevant manipulation affected syllable frequency.
Therefore, two groups of syllables were constructed, one with high and one with low-
frequency, both matched for letter cluster frequency. Non-syllabic letter strings also
consisted of two sub-groups, of which only one was matched in letter cluster frequency
to the syllables.

The presentation of isolated syllables in the syllable decision task was used to avoid
amethodological weakness of previous studies reporting syllable frequency effects for
disyllabic words. Specifically, a high frequency syllable is also a high frequency letter
cluster. Therefore, in principle the observed effects could also arise as a consequence
of segmental processing relying on letter clusters rather than syllables (Schiller, 1998,
2000). If the present syllable decision task can be performed successfully, this can be
seen as evidence that metalinguistic knowledge about syllables is available to subjects.
Unlike the widely used lexical decision paradigm, there is no such task that directly
accesses this type of response for syllabic units. So far, isolated syllables have typically
been used in short term memory tasks to exclude lexical and semantic influences (over-
view in Baddeley, 2003) but not to investigate the status of syllables as functional units
in word processing. Thus, we expected performance in the novel syllable decision task
to indicate whether syllables would be represented in a format that is analogous to the
concept of the mental lexicon for word forms. Most importantly, in the present exper-
iment syllables were matched on letter cluster frequency. Here, it would be possible to
demonstrate syllable frequency effects independent of orthographic processing. For
the naming task we expect a processing advantage for syllables relative to non-sylla-
bles, according to the assumption that phonological output is organized syllabically
(Levelt & Wheeldon, 1994; Ferrand et al., 1996). Following the same assumption,
we also expect faster responses to high-frequency syllables than to low-frequency
syllables.

Method
Participants

Like in study 1, the two tasks were performed by different groups of participants. The
naming tasks were conducted by 19 participants (14 female, five male) aged between
20 and 34 years (average 23 and 9), whereas in the decision task 25 participants (18
female, seven male) took part, in the age range of 19-32 years (average 22.4). Criteria
for the selection of participants were as described in study 1.

Stimuli

The stimulus set comprised 180 letter strings, each consisting of three letters. All
stimuli were legal trigrams which could occur in the initial position of written Ger-
man word forms, as derived from the CELEX database (Baayen, Piepenbrock, &
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van Rijn, 1993). Half of the stimuli were syllables and half were trigrams that did
not correspond to a syllable unit. The group of syllables contained 45 high frequency
syllables (positional frequency of occurrence of more than 1,000 per 6 million) and
45 low-frequency syllables (positional frequency of occurrence of less than 100 per 6
million); both groups were matched for trigram frequency. The group of non-syllabic
units was subdivided into 45 letter strings with a trigram frequency matched to that
of the two syllabic subgroups and 45 letter strings with non-matched, lower trigram
frequency. The initial phonemes were equally distributed in all four subsets of stimuli.

Procedure

Procedure and stimulus presentation resembled those of study 1. Instructions differed
only in the decision task; here participants were required to indicate by a button press
whether the displayed stimulus was a standard German syllable (i.e., whether this
letter string could occur as a syllable in a word) or not.

Results
Data Analyses

Data analyses were comparable to those in study 1. According to the predefined cri-
teria, eight items that produced errors in the majority of participants in the naming
task were excluded. No trials were excluded in the decision task.

Naming Task

Response latencies in the naming task were submitted to an ANOVA with the factor
stimulus type revealing a significant effect in subject analysis (F1[3,54] = 4.19, p =
0.010; F>[3,168] = 0.70p = 0.554). This effect can be attributed to a contrast between
the total groups of syllabic and non-syllabic units (#[37] = 3.37, p = 0.002). Pairwise
comparisons within the group of syllables showed that syllable frequency did not sig-
nificantly affect reaction times (¢[18] = 0.78, p = 0.446); nor did trigram frequency
within the group of non-syllables (¢[18] = 0.32, p = 0.756). Mean response latencies
were 515 ms (SD 48.58) for high frequency syllables, 512.77 ms (§D48.57) for low-fre-
quency syllables, 522 ms (SD53.72) for matched trigrams, and 523 ms (SD55.57) for
non-matched trigrams (Fig. 3). Errors in the naming task (below 1.5% for all four
stimulus sets) were not included in statistical analyses.

Decision Task

The ANOVA with the factor stimulus type revealed a significant effect on reac-
tion times with syllables being responded to faster than non-syllables, (F1[3,72] =
9.86, p < 0.001, F»[3,176] = 61.89, p < 0.001). Further comparisons focused on
the three subgroups with matched trigram frequencies (high-frequency syllables, low-
frequency syllables, matched trigrams). Results showed faster reactions for syllables
in both frequency groups as compared to non-syllables (¢[24] = 3.65, p = 0.001
for high-frequency syllables, #[24] = 3.93, p = 0.001 for low-frequency syllables),
and thus reflect a syllabicity effect. Moreover, the results showed an effect of syl-
lable frequency, where responses were faster for high-frequency syllables than for
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Fig. 3 Mean reaction times in the syllable naming task as a function of the trigram type (high fre-
quency syllables, low frequency syllables, non-syllables with matched trigram frequency, non-syllables
not matched for trigram frequency)

low frequency syllables (¢1[24] = 2.51, p = 0.019). For the sub-group with a lower
(non-matched) trigram frequency the rejection of non-syllables was faster than for
trigrams with matched frequency (1[24] = 3.23, p = 0.004) and in a comparable range
to the responses for the syllables (p-values > 0.10). Mean reaction times were 1349 ms
(§D522.80) for high-frequency syllables, 1742 ms ($D570.43) for low-frequency syl-
lables, 2320ms (SD1671.47) for matched trigrams, and 1421.21 ms (SD570.43) for
non-matched trigrams (Fig. 4).

The syllable decision task also elicited a considerable amount of errors, however
performance remained well above chance level. An ANOVA with the factor stim-
ulus type (high frequency syllables, low-frequency syllables, matched trigrams, and
non-matched trigrams) revealed a significant effect on error rates (F1[3,72] = 27.78,
p < 0.001; F>[3,176] = 46.49, p < 0.001). The average values per condition strengthen
the reaction time results for the syllable frequency effect, so that a speed-accuracy
trade-off can be excluded. Furthermore, also with regard to error rates, performance
was better for high-frequency syllables (16% errors) than for low frequency syllables
(37% errors). And the rejection of non-syllables produced more errors for trigrams
with matched frequency (39% errors) than without frequency matching (8% errors).

Discussion

The outcome of the syllable decision task shows that subjects were able to decide
whether a given letter string was a syllable or not. Performance was above chance
for both syllables and non-syllables. This enhances the empirical evidence for the
functional role of syllabic units in visual word recognition showing that metalinguistic
knowledge about syllables is available to subjects. It is important to note that response
latencies in this novel task were considerably long. We believe that this shows that
unlike for words there seems to be no explicit storage for syllabic units at least in
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Fig. 4 Mean reaction times in the syllable decision task as a function of the trigram type (high fre-
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German. Instead of accessing a syllable representation of a presented letter string,
the long response times in the syllable decision task indicate that subjects gave a “yes”
decision to a syllable whenever they were able to find a word containing this syllable.
Responses were faster to high-frequency syllables compared to low-frequency sylla-
bles, because the former occur in many words and thus a word containing the target
syllable can easily be retrieved. This is in accordance with the findings of Rubin (1974)
who reported a relatively good ability of participants to directly estimate the relative
frequency of isolated syllables. Note that this facilitatory effect of syllable frequency in
the syllable decision task is not at all incompatible with the standard inhibitory syllable
frequency effect in the lexical decision task. Competition between whole word units
sharing a syllable with the target word is held responsible for the inhibitory effect of
syllable frequency in lexical decision. In the syllable decision task, all words sharing a
target syllable would not compete with each other, but all contribute to enable a sub-
ject’s “yes” response. The present experiment provides evidence for the assumption
that words in the mental lexicon can be activated via their syllabic constituents. This
assumption has been implicitly present in the literature on syllable frequency without
having been empirically addressed in a sufficient way. Purely orthographic processing
that would not rely on syllabic structure cannot be held responsible for the syllable
frequency effect in the present syllable decision task, because high-frequency and
low-frequency syllables were matched on letter cluster frequency. Still, an influence
of orthographic processing in the present task can be seen in the prolonged rejection
times for non-syllabic trigrams of high-letter cluster frequency relative to those of
low-letter cluster frequency.

For the naming task, the significant processing advantage for syllables compared
to non-syllables support the claim that phonological output is organized syllabically.
But note that naming onset was unaffected by syllable frequency. These findings in
the syllable naming task differ from previous results obtained in word naming. Here,
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a high word-initial syllable frequency had a facilitative effect on naming performance
(cf. Perea & Carreiras, 1998). Even though this effect has been attributed to facilita-
tion of phonological output, it might be restricted to the production of whole word
forms and therefore not obtained for letter strings. Alternatively, the lack of a fre-
quency effect in the present naming task could very well be due to a floor effect, since
only sequences of three phonemes had to be produced in the present experiment and
accordingly naming latencies are rather short (below 525 ms, as compared to up to
640 ms for disyllabic stimuli in study 1).

General Discussion

The present study provides evidence for the relevance of syllabic units in visual
word processing making use of two different tasks and two different experimental
approaches. Evidence comes from both production and recognition tasks in German,
manipulating the syllable number within words and non-words or the syllabic status
and the syllable frequency of letter strings.

Study 1 established an effect of the number of syllables in naming and lexical
decision. The results provided evidence that the syllable number does not only affect
phonological output preparation but also has a comparable effect on lexical decision
performance for words, suggesting that syllables are also functional units in processing
levels that precede or that are independent of lexical access. Study 2 demonstrated
a syllabicity effect in a production and a novel decision task. Moreover, the syllable
decision results showed syllable frequency effects while letter cluster frequency was
controlled for. These findings are important to the literature on syllable frequency,
because syllabic processing can be shown to be independent of orthographic pro-
cessing. The long response latencies in the lexical decision task seem to indicate that
information concerning the syllabic status of an isolated letter string is retrieved via
a search process for words containing the target syllable. In general, the results of
study 2 support those of previous studies suggesting that word-initial syllables are
functional units in the processing of visual word forms. Both studies contribute to the
empirical basis specifying the processing mechanisms of complex, polysyllabic word
forms. Even though recent investigations of word processing increasingly address the
processing of complex, polysyllabic word forms, the current models of visual word
processing are typically restricted to simple word forms (e.g. Grainger & Jacobs, 1994;
Zorzi, Houghton, & Butterworth, 1998; Ziegler, Perry, & Coltheart, 2000; Coltheart,
Rastle, Perry, Langdon, & Ziegler, 2001; Jacobs, Graf, & Kinder, 2003; but see, Ans,
Carbonnel, & Valdois, 1998 for a model of naming polysyllabic words). Thus, both of
these lines of evidence from the present study may play a role in constraining future
models of visual word processing. Finally, the results from the present study suggest
that production and recognition tasks can involve syllabic decomposition and that
syllabic information may exert an influence at different processing stages, from visual
form recognition to overt naming.

Acknowledgments The authors express their gratitude for support with data collection to Katharina
Bublath, Roland Dengler, Irma Glas, Stefanie Klis, Anke Limmer, Markus Paulus, Julia Tumewu and
Maria Vuori.

@ Springer



J Psycholinguist Res (2007) 36:65-78 77

References

Aichert, 1., & Ziegler, W. (2004). Syllable frequency and syllable structure in apraxia of speech. Brain
and Language, 88, 148-159.

Aichert, 1., & Ziegler, W. (2005). Is there a need to control for sublexical frequencies? Brain and
Language, 95, 170-171.

Ans, B., Carbonnel, S., & Valdois, S. (1998). A connectionist multiple-trace memory model for poly-
syllabic word reading. Psychological Review, 105, 678-723.

Baayen, R. H., Piepenbrock, R., & van Rijn, H. (1993). The CELEX Lexical Database (CD-ROM).
Philadelphia, PA: Linguistic Data Consortium, University of Pennsylvania.

Bachoud-Levy, A.-C., Dupoux, E., Cohen, L., & Mehler, J. (1998). Where is the length effect? A
cross-linguistic study of speech production. Journal of Memory and Language, 39, 331-346.

Baddeley, A. 1. (2003). Working memory and language: An overview. Journal of Communication
Disorders, 36(3), 189-208.

Barber, H., Vergara, M., & Carreiras, M. (2004). Syllable-frequency effects in visual word recognition:
Evidence from ERPs. Neuroreport, 15, 545-548.

Carreiras, M., Alvarez, C. J., & de Vega, M. (1993). Syllable frequency and visual word recognition in
Spanish. Journal of Memory and Language, 32, 766-780.

Carreiras, M., & Perea, M. (2004a). Naming pseudowords in Spanish: Effects of syllable frequency.
Brain and Language, 90, 393—400.

Carreiras, M. & Perea, M. (2004b). Effects of syllable neighbourhood frequency in visual word recog-
nition and reading: Cross-task comparisons. In L. Ferrand & J. Grainger (Eds.), Psycholinguistique
cognitive. Bruxelles, Belgium: De Broeck Université.

Cholin, J., Levelt, W. J. M., & Schiller, N. (2006). Effects of syllable frequency in speech production.
Cognition, 99(2), 205-235.

Coltheart, M., Rastle, K., Perry, C., Langdon, R., & Ziegler, J. (2001). DRC: A dual route cascaded
model of visual word recognition and reading aloud. Psychological Review, 108(1), 204-256.
Conrad, M., & Jacobs, A. M. (2004). Replicating syllable-frequency effects in Spanish in German:
One more challenge to computational models of visual word recognition. Language and Cogni-

tive Processes, 19(3), 369-390.

Eriksen, C., Pollack, M., & Montague, W. (1970). Implicit speech: Mechanism in perceptual encoding?
Journal of Experimental Psychology, 84, 502-507.

Ferrand, L., & New, B. (2003). Syllabic length effects in visual word recognition and naming. Acta
Psychologica, 113, 167-183.

Ferrand, L., & Segui, J. (2003). Reading aloud polysyllabic words. In E. M. H. Assink, & D. San-
dra (Eds.), Reading complex words: Cross language studies (pp. 295-314). New York: Kluwer
Academic.

Ferrand, L., Segui, J., & Grainger, J. (1996). Masked priming of words and picture naming: The role
of syllabic units. Journal of Memory and Language, 35, 708-723.

Forster, K. I., & Chambers, S. (1973). Lexical access and naming time. Journal of Verbal Learning and
Verbal Behavior, 12, 627-635.

Grainger, J., & Jacobs, A. M. (1994). A dual-read out model of word context effects in letter percep-
tion: Further investigations of the word superiority effect. Journal of Experimental Psychology:
Human Perception and Performance, 20, 1158-1176.

Hofmann, M., Stenneken, P., Conrad, M., & Jacobs, A. M. (2006). Sublexical frequency measures
for orthographic and phonological units in German. Behavior Research Methods, accepted for
publication.

Hutzler, F.,, Bergmann, J., Conrad, M., Kronbichler, M., Stenneken, P, & Jacobs, A. M. (2004).
Inhibitory effects of first syllable-frequency in lexical decision: An event-related potential study.
Neuroscience Letters, 372(3), 179-184.

Hutzler, F,, Conrad, M., & Jacobs, A. M. (2005). Effects of syllable-frequency in lexical decision and
naming: An eye movement study. Brain and Language, 92, 138-152.

Jacobs, A. M., Graf, R., & Kinder, A. (2003). Receiver operating characteristics in the lexical decision
task: Evidence for a simple signal-detection process simulated by the multiple read-out model.
Journal of Experimental Psychology: Learning, Memory, & Cognition. 29(3), 481-488.

Jared, D., & Seidenberg, M. S. (1990). Naming multisyllabic words. Journal of Experimental Psychol-
ogy: Human Perception and Performance, 16(1), 92-105.

Klapp, S. T. (1971). Implicit speech inferred from response latencies in same-different decisions.
Journal of Experimental Psychology, 91, 262-267.

@ Springer



78 J Psycholinguist Res (2007) 36:65-78

Klapp, S. T., Anderson, W. G., & Berrian, R. W. (1973). Implicit speech in reading, reconsidered.
Journal of Experimental Psychology, 100, 368-374.

Kwantes, P. J., & Mewhort, D. J. K. (1999). Modeling lexical decision and word naming as a retrieval
process. Canadian Journal of Experimental Psychology, 53(4), 306-315.

Laganaro, M. (2005). Syllable frequency effect in speech production: evidence from aphasia. Journal
of Neurolinguistics, 18,221-235.

Lee, C. H. (2001). Absence of syllable effects: Monosyllabic words are easier than multisyllabic words.
Perceptual and Motor Skills, 93, 73-77.

Levelt, W. J. M., & Wheeldon, L. (1994). Do speakers have access to a mental syllabary? Cognition,
50, 239-269

Massaro, D. W., & Cohen, M. (1994). Visual, orthographic, phonological, and lexical influences in read-
ing. Journal of Experimental Psychology: Human Perception and Performance, 20, 1107-1128.

Mathey, S., & Zagar, D. (2002). Lexical similarity in visual word recognition: The effect of syllabic
neighborhood in French. Current Psychology Letters: Behavior, Brain and Cognition, 8,107-121.

Perea, M., & Carreiras, M. (1998). Effects of syllable frequency and syllable neighborhood frequency
in visual word recognition.Journal of Experimental Psychology: Human Perception and Perfor-
mance, 24(1), 134-144.

Prinzmetal, W., Treiman, R., & Rho, S. H. (1986). How to see a reading unit. Journal of Memory and
Language, 25, 461-475.

Rapp, B. C. (1992). The nature of sublexical orthographic organisation. The bigram trough hypothesis
examined. Journal of Memory and Language, 31, 33-53.

Rey, A., Ziegler, J. C., & Jacobs, A. M. (2000). Graphemes are perceptual reading units. Cognition,
75, B1-B12.

Rodrigo Lopez, M., & Jiménez Gonzilez, J. E. (2000). 1Q versus phonological recoding skill in explain-
ing differences between poor readers and normal readers in word recognition: Evidence from a
naming task. Reading and Writing: An Interdisciplinary Journal, 12,129-142

Roelofs, A. (2002). Syllable structure effect turn out to be word length effects: Comment on Santiago
et al. (2000). Language and Cognitive Processes, 17(1), 1-13.

Rubin, D. C. (1974). The subjective estimation of relative syllable frequency. Perception and Psycho-
physics, 16(1), 193-196.

Santiago, J., MacKay, D. G., & Palma, A. (2002). Length effects turn out to be syllable structure effects:
Response to Roelofs (2002). Language and Cognitive Processes, 17(1), 15-29.

Santiago, J., MacKay, D. G., Palma, A., & Rho, C. (2000). Sequential activation processes in produc-
ing words and syllables: Evidence from picture naming. Language and Cognitive Processes, 15(1),
1-44.

Schiller, N. (1998). The effect of visually masked syllable primes on the naming latencies of words and
pictures. Journal of Memory and Language, 39, 484-507.

Schiller,N. O. (2000). Single word production in English: The role of subsyllabic units during phonolog-
ical encoding. Journal of Experimental Psychology: Learning, Memory, and Cognition, 26,512-528.

Seidenberg, M. S. (1987). Sublexical structures in visual word recognition: Access units or ortho-
graphic redundancy? In M. Coltheart (Ed.), Attention and performance XII: The psychology of
reading (pp. 244-263). Hillsdale, NJ: Erlbaum.

Spoehr, K. T., & Smith, E. E. (1973). The role of syllables in perceptual processing. Cognitive
Psychology, 5, 71-89

Stenneken, P, Conrad, M., Goldenberg, G., & Jacobs, A. (2003). Visual processing of sublexical units
in dyslexia. Brain and Language, 87, 137-138.

Stenneken, P., Conrad, M., Hutzler, F,, Braun, M., & Jacobs, A. M. (2005). Frequency effects with
visual words and syllables in a dyslexic reader. Behavioural Neurology, 16, 1-15.

Stenneken, P., Hofmann, M., & Jacobs, A. M. (2005). Patterns of phoneme and syllable frequency in
jargon aphasia. Brain and Language, 95, 221-222.

Wheeldon, L. R., & Levelt, W. J. M. (1995). Monitoring the time course of phonological encoding.
Journal of Memory and Language, 34, 311-334.

Ziegler, W. (2005). A nonlinear model of word length effects in apraxia of speech. Cognitive
Neuropsychology, 22, 603-623.

Ziegler, J. C., Perry, C., & Coltheart, M. (2000). The DRC model of visual word recognition and
reading aloud: An extension to German. European Journal of Cognitive Psychology, 12, 413-430.

Zorzi, M., Houghton, G., & Butterworth, B. (1998). Two routes or one in reading aloud? A
connectionist dual-process model. Journal of Experimental Psychology: Human Perception and
Performance, 24, 1131-1161.

@ Springer




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


