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ABSTRACT 

The production of fluent speech requires advanced 
planning. Our generation of the representations required to 
guide articulation usually runs ahead of articulation itself. 
An important question for psycholinguistic theories of 
language production concerns processing scope. In other 
words, how much of a given representation is planned 
prior to output. In this paper we consider the scope of 
phonological encoding. In particular we evaluate the claim 
that the minimal unit of phonological encoding is the 
phonological word. 

1. INTRODUCTION 

Psycholinguistic models of language production 
assume that the code underlying our articulated speech is 
generated in a number of successive stages. The starting 
point is a conceptual structure for an utterance that details 
the information or message to be conveyed. Based on this 
information, the appropriate lexical items are selected and 
a grammatical structure is generated that places these 
lexical items in the correct relation to each other. Finally, 
the phonological and phonetic structure of the utterance 
must be generated before articulation can commence.  

A major issue for models of language production is 
the way in which processing at each level proceeds over 
time and, in particular, how processes at different levels 
are co-ordinated with each other. The speed and fluency 
with which we can articulate complex sentences makes it 
unlikely that processing at each level is completed before 
processing at the next begins. It has been proposed that 
processing at all levels occurs in an incremental fashion 
with a processor being triggered by any piece of 
characteristic input from the processors that feed into it 
[10,] [14], [15]. This means that some processing must 
have occurred at a particular level before processing at the 
next can begin, but that processing at all levels can run in 
parallel on different pieces of the utterance to be 
produced.  

A detailed incremental model of language 
production must clearly specify for each component 
process the minimal chunk of information it processes and 
delivers as output. The focus of this article is the nature of 
the units constructed during the generation of 
phonological structure (henceforth phonological 
encoding). In particular, we will be examining the claim 
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e phonological word is the minimal unit of output of 
logical encoding processes. 
We will start by summarising the most influential 
 of phonological encoding developed by Levelt and 
gues [14], [15], [16]. According to this model, the 
to phonological encoding is the surface syntactic 

ure with its associated lexical concepts. As the 
e structure becomes available, the lexical concepts 
r access of their morpho-phonological 
entations. The morphemes’ constituent phonemes 
tivated in parallel but are then parsed into a prosodic 
ure in a sequential left-to-right manner. This process 
eds syllable by syllable until a phonological word 
een completed. On completion of a phonological 
 the generation of a phonetic code commences to 
 articulation.  
There are two claims of interest: First that 
logical words are generated during speech 
ction and second, that an entire phonological word 
be encoded prior to articulation. The evidence that 
ates these claims comes from three main sources: 
tical phonology, prepared speech production 

iments, and on-line speech production experiments. 
ill discuss each of these in turn. 
 

EORETICAL PHONOLOGY 

Prosodic theory has been developed over the last 
y years in order to explain a number of speech 
mena that occur only during the production of 
 connected speech [20], [21], [18], [8], [9]. Many of 
phenomena occur across word boundaries and 

t be explained with reference to lexical structure or 
e nature of the immediately adjacent speech. 
ver, recent developments in linguistic theory 

st that the supra-lexical structures of syntactic 
es also provide no account for many connected 
h phenomena. Instead it has been proposed that 
 connected speech phenomena arise during the 
uction of the prosodic representation of an 
nce.  
The theory of the Prosodic Hierarchy divides an 

nce into a nested hierarchy of prosodic units. These 
the domains of application for many phonological 
 The claim is that, following the generation of the 
tic structure of an utterance, an intervening 

dic structure is generated which groups words into



 

prosodic units and that it is these prosodic units which 
guide the generation of phonological form. The unit of 
interest for our purposes is the phonological word which is 
minimally a stressed foot and maximally a single lexical 
word combined with any associated unstressed function 
words like auxiliaries, determiners, conjunctions and 
prepositions [3], [7], [13], 20], [21]. For instance, 
syllabification in German is restricted to within a prosodic 
word, restricting the insertion of glottal stops to fill empty 
onsets. This happens at the beginning of a stem when a 
prefix is added, but not within a prosodic word where a 
function word has cliticised left to the stem. Thus, there is 
no difference between 'acht und' > 'achten' as compared to 
the verb 'achten'. But what evidence is there that such a 
unit plays a role during speech production processes? 
 
3. PREPARED SPEECH PRODUCTION 

In a series of experiments Sternberg and colleagues 
demonstrated that when we hold a prepared utterance 
ready for output the latency to begin its articulation is a 
function of the number of stressed units it comprises [22], 
[23]. In more recent research, this delayed speech 
production task was developed to allow a more detailed 
examination of the nature of the prosodic units underlying 
this effect [25]. The study looked for an effect on prepared 
sentence production latencies of the number of 
phonological words it comprises when number of 
syllables, syntactic words, and syntactic structure are held 
constant. The experiments were conducted in Dutch and 
made use of the processes of cliticization. The 
cliticizations used were always leftwards [3], [13], [7], [2]. 
In Dutch the cliticization induces phonological word 
formation and has the following structure: 

[[Lex]pw[clitic]pw]pp .  The first experiment tested the delayed 
production of three sentence types shown in (1). 

(1) a.   Ik [zoek het] [water]’ ‘I seek the water’ 
 b.   Ik [zoek] [vers] [water] ‘I seek fresh water’ 
    c.   Ik [zoek] [water] ‘I seek water’ 
 
Sentence types (1a) and (1b) have the same number of 
morphosyntactic words and syllables, and share syntactic 
structure. They differ, however, in their number of 
phonological words. In (1a) the word het is destressed and 
cliticizes to the verb becoming a single phonological 
word. In contrast, in (1b) vers is stressed and forms an 
independent phonological word. All sentences were 
elicited from subjects using a question answer technique. 
Subjects read a noun phrase (e.g., vers water, ‘fresh 
water’) and then heard a question (e.g., ‘Wat zoek je?’ 
‘What do you seek?’). They then had approximately 4 
seconds to fully prepare their response, which they 
produced on cue. The latency to produce the clitic 
sentences like (1a) were 14 ms faster than the latency to 
produce the nonclitic sentences like (1b) and (1c) which 
did not differ. Crucially, this effect could not be attributed 
to the greater conceptual complexity of the nonclitic 
sentences which comprised an additional content word 
(e.g., vers). Another experiment tested the production of 
pronoun sentences in which the noun phrase consisted 
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y of the pronoun het (e.g., Ik zoek het ‘I seek it’). 
pronoun is phonologically identical to the neutral 
 article.  However, in the pronoun sentences, het is 
 final and receives stress thereby becoming a 
logical word in its own right. The pronoun sentences 
omprise the same number of phonological words as 
itic (1a) sentences but have a different number of 
t words. Pronoun and clitic sentences yielded 

cal naming latencies. Thus, prepared sentence 
ction latencies proved to be a function of the number 
nological words in the utterance.  
This research was extended by examining the 

red production of utterances containing phonological 
 that are less than a lexical word in length [26]. 
 compounds (e.g., ooglid ‘eyelid’) form a single 
osyntactic word and a phonological word, which in 

includes two phonological words. Their prepared 
ction latencies were compared to those of syntactic 
s consisting of an adjective and a noun (e.g., oud lid 
ember’) which comprise two morphosyntactic and 

honological words, and to morphologically simple 
 (e.g., orgel ‘organ’) which comprise one 
osyntactic and one phonological word. The results 
d that compounds patterned with the 
ologically simple words rather than the phrases.  

fore, the prepared speech production effect is limited 
rasal level phonological words, suggesting that 
ction models need to make a distinction between 
l and phrasal phonology.  

-LINE SPEECH PRODUCTION 

hat of the claim that an entire phonological word 
be phonologically encoded prior to articulation [16]. 
rting evidence comes from the “syllable latency 

”, which refers to the finding that the time taken to 
e production of a visually presented word increases 
he number of syllables it contains [5].  This effect 
en replicated using a digit reading task (e.g. 27 took 

r than 26, [11]) and in picture naming tasks [12], 
sting that the effect is located in production rather 
erceptual processes. As discussed above, according 

evelt [15], the articulator waits for a whole 
logical word before executing the first syllable’s 
 program. Therefore, all other things being equal, 
ce production latencies will be determined by the 
equired to generate the first phonological word of a 
ce.  
Levelt’s claim was tested using exactly the same 
ces given under 1 above but this time in an on-line 

h production task [25]. The experimental method 
ssentially the same as in prepared speech task except 
ubjects were requested to begin sentence production 
n as they could on hearing the question. In order to 
re the sentence construction process, latencies were 
red from the onset of the verb in the question. 

t’s model predicts that production latencies should 
e a function of the size of the initial phonological 
in the utterance rather than the number of 

logical words it contains. The results support 
t’s model. In this experiment, production latencies in 



 

the clitic sentence condition were significantly longer than 
in the other two conditions which do not differ.  

However, some recent research has failed to 
replicate the syllable latency effect. One study failed to 
obtain word length effects in both French and English [1]. 
In addition, a number of studies have demonstrated that 
speakers may have some flexibility in scope of 
phonological planning they employ. The picture-word 
interference task has been used to test auditory primes 
during object phrase production [19]. Participants 
produced utterances such as “gruner Tisch” (green table) 
and heard distracters which were phonologically identical 
to either the first or second syllable of the adjective or the 
noun. Only primes related to the first syllable of the 
adjective, reliably speeded phrase production latencies, 
suggesting that later syllables had not been processed prior 
to speech onset. Syllable primes identical to the second 
syllable of the adjective only produced facilitation for 
some speakers suggesting that speakers could choose 
smaller or larger planning units. Indeed, the same 
phonological distractor technique has been used to 
demonstrate priming of the noun in the production of 
English phrases like “the blue house” as well as priming 
of the phrase final adjective in the Spanish phrase “la casa 
azul” [4]. Another study required participants to name 
pairs of pictures without pausing between names [6]. Both 
speech onset latencies and eye-movements were recorded. 
Both measures showed that, prior to speech onset, 
speakers spent more time preparing the second word to be 
spoken when the first picture name was short (e.g., wig) 
than when it was long (e.g., windmill). These results again 
show that phonological planning can exceed a single 
phonological word. 

But how are we to reconcile the above findings? 
One possibility is that the scope of planning employed 
varies with task demands. The German study described 
above [19] involved much more repetition of materials 
than the English/Spanish study [4], and this may have 
encouraged the use of a smaller planning scope. Moreover 
direct experimental evidence exists that planning criteria 
can change. It has been demonstrated that word length 
effects can be observed when picture names are blocked 
for length but not when long and short names were mixed 
[17] (as they were in [1]). It was argued that naming 
latencies are determined not only by the length of the 
word to be produced but also by the response criterion 
participants adopt in order to respond both quickly and 
accurately. When all items are similar in difficulty, 
participants can choose an optimal criterion. However, in 
mixed sets an intermediate criterion may be chosen which 
would mask the word length effect. Moreover, it was 
argued that in all cases phonological encoding was 
completed for the words to be produced and that the 
response criterion determines how much phonetic 
encoding is required prior to the onset of articulation.  

So where does this leave the role of the 
phonological word in speech production? The evidence of 
activation of phonological representations beyond the first 
phonological word of an utterance is not problematic for 
the claim that the phonological word is the minimal unit of 
output. Indeed phoneme exchange errors such as, “they 
hissed my mystery lessons”, involve the exchange of 

phone
questi
activa
must 
prior 
requir
phono
encod
phono
that a
word 

phono
difficu
error 
regula
exper
reduc
as has
in tim
of pro
the pr

REFE

[1] A
M
st
L

 
[2] E

D
 
[3] G

m
L
S
S

 
[4] A

ph
sc
pr
46

 
[5] C

“I
en
84

 
[6] Z

co
in
pr

 
[7] C

ph
m

 

mes across phonological word boundaries. The 
on of interest here is at what level of processing this 
tion occurs. Morpho-phonological representations 
be activated and their constituent phonemes released 
to the assembly of the phonological word units 
ed for output. As the activation of morpho-
logical representations is contingent on grammatical 
ing processes it is likely to run ahead of 
logical encoding processes. It is possible, therefore, 
ctivation at this level speeds output in the picture 
interference task.  
The evidence of a processing scope smaller than a 
logical word is more problematic. Indeed, it is 
lt to see how speech output could remain fluent and 
free if the scope of phonological planning was 
rly reduced to a syllable or a segment. Further 

imentation is required to determine whether the 
ed scope is truly phonological or phonetic in nature 
 been proposed [17], and whether it is only adopted 
e pressured tasks. It may well be that the generation 
sodic structure in phonological word chunks remains 
eferred scope of fluent connected speech production. 
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