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Abstract

A variant of  the picture–word interference paradigm was used in three 
experiments to investigate the horizontal information flow of semantic and 
phonological information between nouns in spoken Mandarin Chinese 
sentences. Experiment 1 demonstrated that there is a semantic interference 
effect when the word in the second phrase (N3) and the first noun in the initial 
phrase (N1) are semantically related, while there is no effect when N3 and the 
second noun in the initial phrase (N2) are semantically related. Experiments 
2 and 3 showed that there is a phonological facilitation effect only when the 
two phonologically related words are both in the initial phrase, and there is 
no effect when they are in different phrases. Reinforcing the findings of an 
earlier study of horizontal information flow by Smith and Wheeldon (2004), 

our results indicate that there is a temporal overlap in the access of the nouns in spoken Mandarin 
Chinese sentences and a flow of semantic and phonological information between these nouns. 
Moreover, our results are incompatible with a wholly parallel view of horizontal information flow 
and instead provide support for a view which is partly serial and partly parallel in nature.

1 Introduction

There are two kinds of information flow during speech production: vertical and 
horizontal information f low (Smith & Wheeldon, 2004). In vertical information 
flow, information flows across different processing stages within a unit such as a 
single word and influences the processing at those stages. Many studies of vertical 
information flow, for instance, have investigated whether the processing of a lemma 
during the grammatical planning stage is influenced by the selection of the phonemes 
corresponding to that lemma during phonological planning (e.g., Dell, 1986; Roelofs, 
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1992). In contrast, horizontal information flow concerns the flow of information 
between the units of a sentence regardless of whether those elements are drawn 
from the same or different processing stages. For example, Rapp and Samuel (2002) 
demonstrated that the selection of a lemma during a sentence completion task is 
influenced by phonological information flowing from a lexeme at an earlier point 
in the sentence. As Levelt and Meyer (2000) noted, because studies of horizontal 
information flow concern the production of multiword utterances such as phrases 
and sentences, they raise two novel questions which studies of vertical information 
flow in single words do not. First, does the access of different words in a sentence 
occur in a parallel or a serial fashion? For instance, in producing the phrase “the 
book and the pipe,” will the time at which “book” is accessed overlap with the time 
at which “pipe” is accessed? Second, does the access of the different words in a 
sentence occur in an interactive or a discrete fashion? For instance, in producing 
the phrase “the book and the pipe,” will the processing of “book” interact with and 
influence the processing of “pipe”? Note that these two questions, while distinct, 
are interconnected: if there is no temporal overlap in the processing of two words, 
there cannot be any interaction in their processing either.

Evidence for the discrete and serial view of the production of multiword utterances 
has been provided by a number of experimental studies. Eye-tracking studies by Meyer 
et al. (Meyer, Sleiderink, & Levelt, 1998; Meyer & van der Meulen, 2000), for instance, 
provided support for a serial rather than parallel view of multiple-word access. In 
these studies, Meyer et al. showed that participants producing phrases such as “arm 
and boat” begin to process the second word only after the semantic and phonological 
processing of the first word have been completed. Levelt and Meyer (2000) subsequently 
proposed that the functional significance of this serial processing is to spread the 
processing load evenly during the production of a phrase or a sentence, even though it 
runs the risk of disfluency. However, Meyer and Dobel (2003) provided evidence that 
people can retrieve an object name’s information before fixing upon it. As Smith and 
Wheeldon (2004) have noted, such a finding indicates that studies such as Meyer et al. 
(1998, 2000) do not provide unambiguous evidence for a serial view of multiple word 
access in utterance production such as that proposed by Levelt (2001).

A number of studies have also provided evidence for a parallel and interactive 
view of multiword production. Martin, Weisberg, and Saffran (1989) asked participants 
to describe scenes consisting of six object pictures using continuous sentences and 
showed that there are more substitution errors between two words with both semantic 
and phonological similarities such as “scarf” and “sweater.” This mixed speech error 
suggests that there is an interaction between semantic and phonological processing 
of the two nouns within the utterance. Schriefers (1993) reported that if the selection 
of a sentence-initial determiner within a noun phrase is constrained by the interfer-
ence between the target word and distractor in a picture–word interference task, its 
access will be delayed. This result again indicated that the access of a lemma could 
interact with and be influenced by the access of other lemmas within that sentence. 
Vigliocco, Vinson, Indefrey, Levelt, and Hellwig (2004) used a continuous naming 
paradigm and showed that the semantic intruder’s grammatical gender is consistent 
with that of the intended word in producing nouns with determiners marked for 
gender. This result suggested an interaction between the semantic and grammatical 
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information of a determiner and a noun. As already noted, Rapp and Samuel (2002) 
asked participants to complete some printed sentences missing a word and they 
revealed that lemma access is affected by phonological features of a prior lexeme 
within the same sentence.

Further evidence for horizontal information flow was provided by a set of four 
picture–word interference experiments by Smith and Wheeldon (2004), in which 
subjects were requested to describe the movement of a picture and a word using a 
sentence. Unlike the standard picture–word interference paradigm, the picture and 
word in their study were not spatially superposed. When the word and the picture 
name were semantically related in Experiments 1 and 2, sentence production laten-
cies were longer than those in the unrelated condition. This semantic interference 
effect was obtained both when the nouns occurred in the same initial phrase of a 
sentence (e.g., in sentences such as “the book and the pipe move up”) and when they 
occurred in two distinct phrases (e.g., in sentences such as “the book moves above 
the pipe”). In two further experiments, they showed that only when the two lexemes 
were in the same phrase would a phonological similarity between two lexemes result 
in shorter sentence production latencies. Both the semantic interference effect and the 
phonological facilitation effect provided evidence of temporal overlap and interactive 
horizontal information flow during sentence production. The results further suggested 
that there is a different scope to the horizontal flow of semantic and phonological 
information, with the former occurring between elements within the same sentence, 
while the latter is restricted to elements drawn from within the same phrase.

In the current set of experiments, we adapt the design employed by Smith and 
Wheeldon (2004) to further investigate horizontal information flow. Our study differs 
from that of Smith and Wheeldon (2004) and other studies of horizontal information 
flow in that we test between two different views of horizontal information flow. On 
one such view, horizontal information flow is wholly parallel. For instance, if there is 
a sentence which features a sentence-initial noun (N1), a sentence final noun (N3) and 
a noun in between these two (N2). According to the wholly parallel view of horizontal 
information flow, the three lemmas in such a sentence will be accessed simultaneously 
and information will flow between them. Thus, as N1 is being accessed information 
from it is flowing into and influencing the access of N2 and N3. At the same time, 
however, N2 is being accessed and information from it is flowing into and influencing 
the access of N1 and N3 while N3 is also being accessed and information from it is 
flowing into and influencing the access of N1 and N2.

A more serial view of horizontal information flow is, however, also possible. It 
could be, for example, that the access of N1 is initiated prior to and yet nevertheless 
overlaps with the access of N2 and N3. On such a view, N2 and N3 could be partially 
activated (perhaps for instance they are activated as concepts rather than as lemmas) 
while the lemma corresponding to N1 is being accessed. If this were so, semantic 
information from N2 and N3 could flow into and influence the access of the lemma 
corresponding to N1. Once the N1 lemma has been accessed, the N2 lemma could 
subsequently be accessed. At this point, information from the N1 lemma and the 
partially activated N3 concept could flow into and influence the access of the lemma 
corresponding to N2. Subsequently, the N3 lemma would be accessed and this in turn 
would be influenced by information flowing from the N1 and N2 lemmas.
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Our study tests between the wholly parallel and partly serial views of horizontal 
information flow in contrast to previous studies such as Smith and Wheeldon (2004). 
Because the sentences in Smith and Wheeldon’s study featured only two nouns, they 
did not test between the parallel and serial views of horizontal information flow. 
Thus, the semantic interference effect they observed could have resulted if semantic 
information from N2 had disrupted the access of the N1 lemma (i.e., the serial view) 
but it could also have resulted if both N1 and N2 had interfered with other’s access 
(i.e., the parallel view). In our experiment, we set up a design in which participants 
produced sentences featuring three nouns corresponding to three elements of a 
visual display (e.g., “The peacock and the corn are on the right of the phoenix”) to 
test between the serial and parallel views. It was reasoned that if we observed a 
semantic interference effect between N1 and N3 but no such effect found between 
N2 and N3, this would be consistent with the serial view but not with the parallel 
view. Specifically, such a finding would be consistent with the view that, prior to 
speech onset, semantic information from N3 had influenced the lemma access of 
N1 but not N2 (i.e., the serial view). However, it would be inconsistent with the view 
that, prior to speech onset, semantic information from N3 had influenced the lemma 
access of both N1 and N2 (as required by the parallel view). In contrast, if a semantic 
interference effect was observed both between N1 and N3 and between N2 and N3, 
it would be consistent with the parallel view. Specifically, it would be consistent with 
the view that semantic information from N3 had influenced the lemma access of 
both N1 and N2 prior to speech onset as the parallel view requires. Effectively, then, 
the current design allows us to distinguish between the two parallel and interactive 
views of sentence generation which differ significantly in the extent to which they 
are parallel and interactive.

2 Experiment 1

Experiment 1 investigated horizontal information flow by manipulating the semantic 
relationship between three nouns in different positions of Mandarin Chinese spoken 
sentences. As described above, we aimed to test whether a semantic interference 
effect would be observed both between N3 and N1 and between N3 and N2 prior to 
speech onset. To affect this test, two pictures and a two-character Chinese word which 
served as distractor were presented simultaneously on the computer screen. In the 
study of Smith and Wheeldon (2004), the elements of their visual array moved. For 
example, in their Experiment 1, speakers produced sentences such as “the saw and 
the axe move down” when a picture of a saw and a word “axe” moved vertically in the 
same direction, and when the two objects moved horizontally in opposite directions 
speakers produced sentences such as “the saw moves towards the axe”. Although they 
conducted a second experiment which suggested that the interference effect observed 
in Experiment 1 was not affected by the movement differences, such movement still 
has the potential to act as a confounding variable. Removing it therefore allows for 
a cleaner and less ambiguous test of horizontal information flow. So, in our current 
study, the three objects to be described in one sentence did not move.

In our Experiment 1, the two pictures and the distractor word were on three 
vertexes of an equilateral triangle whose center was in the middle of the computer 
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screen (see Figure 1). Four kinds of such equilateral triangles were designed, as 
shown in Figure 2. Two pictures were always on the two vertexes, which were in the 
vertical or the horizontal line and the word was on the other vertex. So there were 
four possible location relationships between the pictures and the word: above, below, 
right and left. Participants were instructed to describe the location of the two pictures 
relative to the word in a sentence with identical syntactic form: N1 and N2 are above 
(below, on the left or the right of) N3. Both N1 and N2 were in the initial phrase and 
N3 was in another phrase.

Figure 1 
Example display of three objects to be described with the sentence “孔雀和玉米在凤凰的
右边” (The peacock and the corn are on the right of the phoenix) (the background of the 
scene was black)

Figure 2 
The four kinds of location relationships between the two pictures and the distractor word 
(the pictures were always positioned as shown by the vertical or the horizontal lines): above, 
below, right, and left. The arrows indicate the directions of description (neither of the boxes, 
arrows, or lines was provided as part of the visual array)
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The distractor word (N3) was semantically related to either the first picture’s 
name (N1) (condition 1), second picture’s name (N2) (condition 2) or neither of them 
(condition 3). For example:

Condition 1:	孔雀和玉米 在凤凰的 右边

	 (The peacock and the corn are on the right of the phoenix)

Condition 2:	孔雀和玉米 在高粱的 右边

	 (The peacock and the corn are on the right of the sorghum)

Condition 3:	孔雀和玉米 在牙膏的 右边

	 (The peacock and the corn are on the right of the toothpaste)

The sentence production latency was defined as the duration from the onset of 
stimuli to the beginning of the description. Comparing the latencies in three condi-
tions allowed us to test for horizontal information flow between the three nouns 
in the sentence and thereby between the wholly parallel and partly serial views of 
horizontal information flow.

2.1 
Method

2.1.1 
Materials
Sixty pictures were selected from 320 pictures that were mainly from Snodgrass 
and Vanderwart (1980) and measured with Chinese subjects by Zhang and Yang 
(2003). All the experimental pictures in the present experiment and the following 
two experiments had two-character names in Mandarin Chinese because although 
Chinese characters are basic writing units and are regarded as morphemes, more 
than 70% of Chinese words are two-character. There is abundant evidence that 
multimorphemic words in Mandarin Chinese are represented as precompiled entries 
in mental lexicon (Zhang & Peng, 1992; Zhou & Marslen-Wilson, 1994, 1995; Liu & 
Peng, 1997; Wei, 2002).

Fifteen pairs of pictures with two-character names were experimental pictures 
(see Appendix A). Within each pair, there was neither a semantic nor a phonological 
relationship between the two pictures, and the two-character word was either semanti-
cally related to one of the picture’s name or to neither of them. There were 45 such 
two-character words with an average frequency count of 30 occurrences per million. 
Thirty pictures and 45 words were used as fillers.

2.1.2 
Design
There were one practice block and three experimental blocks in the current experiment. 
Each experimental block consisted of 120 experimental trials and 80 filler trials. Each 
combination of pictures and word was presented once in the four location relationships 
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which are shown in Figure 2. The two pictures in each experimental picture pair were 
presented equally in the positions of N1 and N2. There were three unrelated objects 
(picture or word) in filler trials. All trials had been pseudo-randomly distributed to 
reduce the participants’ prediction.

2.1.3 
Procedures
Before testing began, we had participants learn all the pictures that would be used in the 
experiment until they could name these pictures smoothly with given names. They were 
then instructed that they would see two pictures and one word presented simultaneously 
on the computer screen on each trial, and the task was to describe the position of the 
two pictures relative to the word. The description should start after speakers had seen 
all of the three objects and their positions. The order of description was always from left 
to right or top to bottom (see Figure 2). At the beginning of each trial, a cross appeared 
in the center of the screen for 600 ms followed by a blank screen for 300 ms. Then two 
pictures and a word were presented synchronously and lasted 4000 ms. There was a 
blank screen which was displayed for 2000 ms and which served as an interval before 
the onset of the next trial. Subjects were tested individually in a quiet room.

2.1.4 
Participants
Twenty-five university students were recruited. They were native Mandarin Chinese 
speakers and were paid for their participation in the experiment.

2.2 
Results

Three participants with error rates higher than 25% were excluded from the data. 
If, on a particular trial, a participant did not use the expected picture names or the 
expected syntactic structure, or disfluency occurred, the data from the trial was 
regarded as an error and was excluded. In this way 2.6% of the data was excluded. 
Data beyond three standard deviations (SD) was also excluded. This accounted for 
2.7% of the data. Mean latencies and SD are shown in Table 1.

Table 1 
Mean and SD of latencies for Experiment 1

	 Mean (ms)	 SD (ms)

N3 related to N1	 1265.4	 271.3  

N3 related to N2	 1236.6	 266.6

Unrelated	 1229.5	 264.6

An ANOVA was carried out on the data. The main effect of the semantic  
relationship between nouns in different positions was significant, F1(2, 42) = 10.7,  
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p < .001 and F2(2, 28) = 11.7, p < .001. Latencies in condition (1) (i.e., the N3 word 
was semantically related to N1) were longer than those in condition (2) (i.e., the N3 
word was semantically related to N2), F1(1, 21) = 11.5, p < .01, and F2(1, 14) = 7.5,  
p < .05. The latencies in condition (1) were also significantly longer than those in the 
unrelated condition, F1(1, 21) = 19.3, p < .001, and F2(1, 14) = 25.9, p < .001. However, 
there were no significant differences between latencies in condition (2) and those in 
the unrelated condition, F1(1, 21) = 0.4, p > .05, and F2(1, 14) = 3.0, p > .05.

2.3 
Discussion

In Experiment 1, it was observed that there is a significant interference effect when 
the word in the second phrase (i.e., N3) and the first picture name in initial phrase 
(i.e., N1) are semantically related, while there is no such interference effect when N3 
and the second picture name in initial phrase (i.e., N2) are semantically related.

In line with Smith and Wheeldon (2004), our study demonstrated that a semantic 
interference effect can occur between two words in different phrases of a sentence. 
This indicates that there is some degree of temporal overlap in the access of several 
words at different positions in a sentence and that there is an interactive information 
flow between them.

The absence of semantic interference effect between N2 and N3 demonstrates 
that semantic information from N3 can influence the lemma access of N1 but not N2 
before speech onset. As argued in the introduction, such a result is compatible with a 
partly serial view of horizontal information flow but not a wholly parallel view.

3 Experiment 2

In Experiment 2, we employed the same paradigm as that used in Experiment 1 to 
test the phonological facilitation effect between different words in Chinese spoken 
sentence production. Previous studies (e.g., Smith & Wheeldon, 2004) suggested that 
the phonological effect can only be obtained within the same phrase, so the distractor 
word in the current experiment was in the position of the second noun in the initial 
phrase of a sentence (i.e., N2). The three objects were presented simultaneously on a 
computer screen as one of the four kinds of equilateral triangles shown in Figure 2. 
However, the initial picture and the word were always on the two vertexes that were 
either in the vertical or the horizontal line, and the second picture was on the other 
vertex. The task was to describe the initial picture and the word’s location relative to 
the final picture. The description directions were the same as those in Figure 2.

Peng et al. (1994) used a repetition priming task and showed that the priming effect 
of the constituent single character and that of the whole word to a target two-character 
word are equal. They also proposed a position effect, that is, the priming effect to the 
initial character in a two-character word is greater than that to the second character. 
Therefore, the distractor word (N2) in this experiment was a single character, which 
was phonologically related to either the first character of the first picture’s name (N1) 
(condition 1), second picture’s name (N3) (condition 2) or neither of them (condition 3).  
In the phonologically related conditions, most of the distractor words and the first 

 at Institute of Psychology, Chinese Academy of Sciences on December 23, 2010las.sagepub.comDownloaded from 

http://las.sagepub.com/


  Language and Speech

	 J.-C. Yang, Y.-F. Yang	 275

character of the target words were homophonic, and the rest had identical syllables 
but different tones.

Participants were required to describe the location relationship in a sentence with 
the same definite syntactic structure as that in Experiment 1. For example:

Condition 1:	孔雀(kong.que)和恐(kong) 在玉米(yu.mi)的 右边

	 (The peacock and the kong are on the right of the corn）

Condition 2:	孔雀(kong.que)和寓(yu) 在玉米(yu.mi)的 右边

	 (The peacock and the yu are on the right of the corn）

Condition 3:	孔雀(kong.que)和官(guan) 在玉米(yu.mi)的 右

	 (The peacock and the guan are on the right of the corn)

3.1 
Method

3.1.1 
Materials
Twelve pairs of pictures were selected from those used in Experiment 1 for the current 
experiment (see Appendix B). Thirty-six single-character words were used as distrac-
tors, which had phonological relationships either with the initial character of one of 
the two pictures’ names, or with neither of them. The average frequency count of the 
words was 32 occurrences per million. Fillers were a further 24 pictures and 36 words 
which were either single-character, two-character, or three-character.

3.1.2 
Design
There were three experimental blocks each with 96 experimental trials and 64 filler 
trials. The other experimental controls were the same as those in Experiment 1.

3.1.3 
Participants
There were 20 paid university students. The procedure was the same as that for 
Experiment 1.

3.2 
Results

Three participants with error rates higher than 25% were excluded from the 
data. Using the same criteria as in Experiment 1, 3.1% of the data were regarded 
as errors and excluded. Data beyond three standard deviations (SD) was also 
excluded. This accounted for 2.7% of the data. Mean latencies and SD are shown 
in Table 2.
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Table 2 
Mean and SD of latencies for Experiment 2

	 Mean (ms)	 SD (ms)

N2 related to N1	 1223.9	 211.5

N2 related to N3	 1233.8	 212.0

Unrelated	 1242.0	 225.2

ANOVA showed that the main effect of the phonological relationship between 
nouns in different positions was significant, F1(2, 32) = 2.2, p < .05, and F2(2, 22) = 
2.3, p < .05. In addition, latencies in condition (1) (i.e., the distractor character was 
phonologically related to N1) did not show any significant difference from those 
in condition (2) (i.e., the distractor character was phonologically related to N3),  
F1(1, 16) = .1, p > .05, and F2(1, 11) = .6, p > .05. But latencies in condition (1) 
were shorter than those in the unrelated condition: F1(1, 16) = 7.6, p < .05, and  
F2(1, 11) = 10.1, p < .05. Also there were no significant differences between latencies 
in condition (2) and those in the unrelated condition: F1(1, 16) = 1.9, p > .05, and 
F2(1, 11) = 1.0, p > .05.

3.3 
Discussion

The result of Experiment 2 demonstrated that there is a significant facilitation effect 
when the distractor character in the second noun position (N2) is phonologically 
related to the picture’s name in the first noun position (N1). There is no such effect 
when the distractor character in the second noun position (N2) is phonologically 
related to the picture’s name in the third noun position (N3). The effect between N1 
and N2 demonstrates that there is a temporal overlap in the phonological planning of 
the two nouns within the sentence-initial phrase prior to speech onset and that there is 
a horizontal flow of phonological information between them. The present experiment 
also failed to observe a phonological facilitation effect between nouns from different 
phrases. Consistent with the results of Smith and Wheeldon (2004, Experiments 3 and 
4), the current experiment indicates that there is phonological effect only when the 
related two words occur in the same sentence-initial phrase. Such a finding suggests 
that, in contrast to the semantic interference effect observed between N3 and N1 in 
Experiment 1, no phonological facilitation effect would be observed between N1 and 
N3. We conducted a final experiment to test this directly.

4 Experiment 3

To test whether the initial word’s phonological processing can be influenced by a 
word beyond the first phrase, the same paradigm used in Experiment 2 was employed 
in this experiment. The distractor word was also a single-character word, but it 
was in the position of the third noun in the sentence (i.e., N3). The character (N3) 
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was phonologically related to the initial character of the first picture’s names (N1) 
(condition 1), second picture’s name (N2) (condition 2), or neither of them (condition 3).  
N1 and N2 were in the same initial phrase. In conditions 1 and 2, the distractor 
character and the first character of the target word were either homophonic or had 
identical syllables but different tones. There would be three kinds of description 
sentences:

Condition 1:	孔雀(kong.que)和玉米(yu.mi) 在恐(kong)的 右边

	 （The peacock and the corn are on the right of the kong）

Condition 2:	孔雀(kong.que)和玉米(yu.mi) 在寓(yu)的 右边

	 （The peacock and the corn are on the right of the yu）

Condition 3:	孔雀(kong.que)和玉米(yu.mi) 在官(guan)的 右边

	 （The peacock and the corn are on the right of the guan）

4.1 
Method

The materials, design and procedures were the same as those in Experiment 2.

4.1.1 
Participants
There were 25 paid university students.

4.2 
Results

Two participants with error rates higher than 25% were excluded from the data. Using 
the same criteria as in Experiment 1 and 2, we excluded 1.9% of the data as error trials 
and 2.5% of the data for being beyond three standard deviations. Mean latencies and 
SD are shown in Table 3.

Table 3 
Mean and SD of latencies for Experiment 3

	 Mean (ms)	 SD (ms)

N3 related to N1	 1249.8	 315.4  

N3 related to N2	 1256.3	 319.8

Unrelated	 1259.1	 327.4

An ANOVA showed no significant main effect of the phonological relationship 
between nouns in different positions, F1(2, 44) = .8, p > .05, and F2(2, 22) = 0.9,  
p > .05.
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4.3 
Discussion

Experiment 3 demonstrated that there is no facilitation effect when the distractor 
character in the third noun position (N3) is phonologically related to the picture’s 
name in either the first noun position (N1) or in the second noun position (N2). The 
result of this experiment, together with that of Experiment 2, provides no evidence of 
a horizontal flow of phonological information between nouns in different phrases. In 
the current experiment, this failure to observe such an effect is obtained even when 
the target word is in the initial position of the sentence. As such, it reinforces the 
results of Experiments 3 and 4 reported by Smith and Wheeldon (2004) in a more 
complex sentence production task. The results of the current experiment are also 
consistent with observations of speech errors and experimental studies which have 
claimed that phonological planning units comprise not more than one or two words 
within a phrase (e.g., Meyer, 1996).

5 General discussion

The current study was conducted in order to explore how semantic and phonological 
information flows across a sentence and influences word access. To explore such 
horizontal information flow we used a variant of the picture–word interference 
paradigm developed by Smith and Wheeldon (2004). In a number of respects, the 
results we observed reinforced those obtained by Smith and Wheeldon. Thus, in 
Experiment 1 we observed, like Smith and Wheeldon (2004, Experiments 1 and 2), a 
semantic interference effect between words drawn from phrases at the opposite ends 
of a sentence. Also, in Experiment 2 and 3, we observed a phonological facilitation 
effect between words within the same phrase but not between words from distinct 
phrases – a result which again parallels that observed by Smith and Wheeldon (2004, 
Experiments 3 and 4). As Smith and Wheeldon observed, such findings have a number 
of implications. First, they indicate that prior to speech onset, phonological planning 
is confined to the initial phrase of a sentence (cf. also Meyer, 1996) but that some form 
of higher level planning (which is certainly conceptual but may also be grammatical 
in nature, see below for further discussion) extends beyond the first phrase across the 
entire sentence prior to speech onset. Second, such results indicate that there is at least 
some degree of temporal overlap in the planning of the various words in a sentence. 
At the level of phonological planning, our results indicate that the words in the initial 
phrase of a sentence are produced to some extent simultaneously. At a higher planning 
level (either conceptual or grammatical – it is difficult to be certain on the basis of a 
semantic interference effect alone), our results indicate that there is some degree of 
temporal overlap in the planning of the words right across the sentence. Third, our 
results indicate that there is an interactive flow of information across the sentence. 
Specifically, prior to speech onset, there is a flow of phonological information between 
the words in the initial phrase and a flow of semantic information between words 
from different phrases. Importantly, while our results do reinforce those of Smith 
and Wheeldon in these respects, they do so in the context of a significantly different 
design. Thus, our design differed from that of Smith and Wheeldon in removing the 
potential confound of picture movement.
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As well as replicating the data from Smith and Wheeldon’s study in these respects, 
however, the current study also probed an entirely novel issue. As mentioned in the 
introduction, we modified Smith and Wheeldon’s design so that participants were 
required to name three elements in a visual array (e.g., “The peacock and the corn are 
on the right of the phoenix”) rather than two. Whereas the effects observed by Smith 
and Wheeldon always involved the first noun in a sentence, our design allowed us to 
test for effects not involving the first noun in a sentence. Doing so produced some 
striking results. Thus, in Experiment 1, 2, and 3, we observed semantic interference 
effects and phonological facilitation effects between N1 and another noun (just like 
Smith and Wheeldon). However, in all three experiments, we failed to observe any such 
effects when they did not involve N1 but rather N2 and N3 instead. As argued in the 
introduction, such a finding is not consistent with a wholly parallel view of horizontal 
information flow. On such a view, information from all three nouns influences the 
access not only of N1, but of N2 and N3 also. If this were the case, we would expect 
effects to be obtained not only between N1 and N3 but also between N2 and N3. 
The fact that we have observed no effects between N2 and N3 is incompatible with 
a wholly parallel view of horizontal information flow. It instead suggests a partially 
serial view of horizontal information flow. In the introduction, we sketched out one 
such view. On this view, semantic information from the concepts corresponding to 
N2 and N3 flows into and influences the access of the lemma corresponding to N1 
prior to speech onset. However, at this point in speech production, information is not 
flowing into and influencing the access of the lemmas corresponding to N2 and N3. 
Rather, on such a partially serial view, while the concepts underlying the three nouns 
are activated in parallel, the lemmas corresponding to the three nouns are accessed 
serially with the N2 and N3 lemmas being accessed only after speech onset.

Such a partially serial view is appealingly simple and, broadly speaking, theoreti-
cally plausible (it is for instance compatible with studies suggesting that lemma access 
is incremental whereas conceptual planning has a clausal scope, e.g., Griffin & Bock, 
2000; Smith & Wheeldon, 1999). If we assume that semantic interference effects are 
observed during lemma access (cf. Damian, Vigliocco, & Levelt, 2001, for evidence to 
this effect), such a view enables us to explain both why an effect is observed between 
N1 and N3 (i.e., because N1 undergoes lemma access prior to speech onset) but not 
between N2 and N3 (i.e., because neither N2 nor N3 undergoes lemma access prior to 
speech onset). However, a number of problems attach to interpreting the current set 
of results in this way. Thus, although it is reasonable to assume that prior to speech 
onset lemma access is conducted for N1, we have no direct evidence that prior to 
speech onset N2 and N3 are only activated as concepts and not as lemmas. Moreover, 
the view that the second noun in the initial phrase of a sentence is accessed only as a 
concept prior to speech onset is particularly problematic given studies suggesting that 
lemma access may be carried out for both nouns in a coordinate noun phrase prior to 
speech onset (e.g., Smith and Wheeldon, 1999). Such a view is also incompatible with 
the results of Experiment 2 from the current study. In this experiment, we observed 
a phonological facilitation effect obtained between N1 and N2 (cf. also Smith & 
Wheeldon, 2004, Experiments 3 and 4), which indicated that prior to speech onset 
N2 had to some extent been phonologically planned. Such phonological planning of 
N2 is clearly incompatible with the view that prior to speech onset N2 is activated 
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only as a concept and not as a lemma. Such findings, then, work against the version 
of the partially serial view sketched in the introduction and suggest that we need a 
different version of this view in which N2 is accessed both as a lemma and as a lexeme 
prior to speech onset.

Obtaining this modified version of the partially serial view is, however, not without 
its problems. In particular, if we assume that N2 is activated as a lemma prior to speech 
onset, it raises the question of why we failed to observe a semantic interference effect 
between N2 and N3 in Experiment 1. To put it another way, why does N3 interfere with 
the lemma access of N1 but not N2 prior to speech onset? One (admittedly speculative) 
possibility is that information from N3 interacts with N1 prior to speech onset but 
does not interact with N2 until some later point after speech onset. On such a view, we 
would observe a semantic interference effect between N2 and N3 but only in a design 
which could track sentence production after speech onset (e.g., an eye-tracking design 
or a design measuring the time taken to complete the sentence).

This in turn raises the further question of why the information from N3 would 
bypass N2 prior to speech onset. One possibility is that at this point a speaker is 
primarily concerned with the selection of the N1 lemma and is using information 
from N2 and N3 to inform this selection. In selecting a lemma, it is not enough for 
speakers to ensure that it is compatible with the lexical concept underlying it (i.e., that 
it expresses the same meaning) and that it is compatible with the syntactic structure in 
which it is embedded (e.g., that it has the correct grammatical category). Speakers must 
also check that the lemma fits with other neighboring lemmas. That is to say, lemma 
selection is determined by semantics, syntax, and collocational structure (Sinclair, 
1991). Consider, for instance, the following example from Smith (2000, p. 344):

(1) By night/At night/By day/*At day, Montreal is a thriving city.

In selecting the initial preposition, a speaker must look ahead to the following noun 
and avoid selecting “at” if the following noun is “day” because the two lemmas do 
not collocate in English. A failure to check ahead in this way can lead to a variety 
of speech errors such as grammatical incoherence (Brown, 1980; Smith, 2000) and 
apokoinu (De Smedt, 1996). The current results are compatible with the view, then, 
that while selecting N1 the speaker is checking it against the N2 lemma and against 
the N3 lexical concept. If it checks out, the speaker commits to the articulation of N1 
and moves on to the selection of N2. After speech onset, N2 is now checked against 
its immediate lexical environment just as N1 was. But it is not checked against the 
members of its immediate lexical environment such as N3 until this point (and hence 
no semantic interference effect between N2 and N3 is seen prior to speech onset). 
Presumably carrying out all of this checking prior to speech onset would lead to 
unacceptable delays in speech onset which the more incremental approach avoids. 
All of this is, of course, somewhat speculative and other more plausible accounts may 
be possible. Nevertheless, it does illustrate that versions of the partially serial view 
of horizontal information flow can be developed which do accord with the results 
from the current experiment. In contrast, no version of the wholly parallel view is 
in line with the results of the present study – the current data is simply incompatible 
with this view in all its forms.
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In summary, the current study builds on the work presented in Smith and 
Wheeldon (2004). Our data replicates their data in respect of issues of scope, temporal 
overlap, and horizontal information flow in spoken sentence production. It does so, 
moreover, in the context of an improved design which is not susceptible to a potential 
movement confound. Moreover, our study also tests between a partially serial and a 
wholly parallel view of horizontal information flow and finds in favor of the former. 
Our study also raises a number of interesting questions about the exact nature of this 
partially serial view of horizontal information flow but, quite clearly, new studies 
employing new designs will be required to get at these questions.
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