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Word Frequency Effects in Speech Production: 
Retrieval of Syntactic Information and of Phonological Form 

Jorg D. Jescheniak and Willem J. M. Levelt 

In 7 experiments the authors investigated the locus of word frequency effects in speech production. 
Experiment 1 demonstrated a frequency effect in picture naming that was robust over repetitions. 
Experiments 2, 3, and 7 excluded contributions from object identification and initiation of 
articulation. Experiments 4 and 5 investigated whether the effect arises in accessing the syntactic 
word (lemma) by using a grammatical gender decision task. Although a frequency effect was found, 
it dissipated under repeated access to a word's gender. Experiment 6 tested whether the robust 
frequency effect arises in accessing the phonological form (lexeme) by having Ss translate words 
that produced homophones. Low-frequent homophones behaved like high-frequent controls, 
inheriting the accessing speed of their high-frequent homophone twins. Because homophones 
share the lexeme, not the lemma, this suggests a lexeme-level origin of the robust effect. 

The word frequency effect in speech production was discov­
ered by Oldfield and Wingficld (1965). In a picture-naming 
task, they found that pictures with low-frequency (LF) names 
(such as syringe) took longer to name than pictures with 
high-frequency (HF) names (such as basket). Wingfield (1968) 
established this effect as a genuinely lexical one. The effect was 
not due to differential speeds of object recognition but to 
naming itself. 

In this research, we consider the word frequency effect in 
light of recent models of lexical access in speech production. In 
particular, we consider whether the frequency effect arises 
early, in selecting the semantically appropriate lexical item, or 
late, in the retrieval of the item's form information. 

The article is organized as follows. We begin by sketching a 
model of the production lexicon. Against the background of 
this model, we then derive hypotheses about the potential loci 
of frequency effects from data in the literature on picture 
naming, hesitations in spontaneous speech, and speech errors. 
Finally, we turn to the core of this article, an experimental 
investigation of these hypotheses. In seven experiments, we 
analyze whether the frequency effect is due to either conceptu­
alization or articulation (it is neither), whether it arises at the 
early, so-called lemma level (there is a frequency effect there, 
but it turns out not to be the frequency effect), or whether it 
originates at the late word form, or lexeme level (it does). 
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A Model of the Production Lexicon 

According to current models, the production of spoken 
language involves three major levels of processing (Bock, 1982; 
Dell, 1986; Garrett, 1975, 1976, 1980; Kempen & Huijbers, 
1983; Levelt, 1989). First, there are the processes of conceptu­
alization that guide the generation of so-called preverbal 
messages specifying the concepts to be verbally expressed. 
Second, there are the processes of formulation, which involve 
the mapping of preverbal messages onto linguistic form. These 
formulation processes can be broken down into the processes 
of grammatical encoding, the selection of semantically appropri­
ate lexical items and the generation of a syntactic frame or 
surface form, and phonological encoding, the computation of 
the phonetic form of the intended utterance, an articulatory 
plan that can be buffered and executed. Third, there are the 
processes of articulation, involving the retrieval of the phonetic 
plan, as well as the initiation and execution of articulation, 
with overt speech as a physical consequence. 

Lexicalization is the set of processes in formulation that 
govern the retrieval of lexical entries from the mental lexicon. 
It proceeds in two steps, corresponding to grammatical and 
phonological encoding, respectively; lemma selection and word 
form, or lexeme retrieval (e.g., Butterworth, 1980a, 1989; Dell, 
1986; Fromkin, 1971; Garrett, 1975, 1976, 1988; Kempen & 
Huijbers, 1983; Levelt, 1983, 1989). During lemma selection, a 
semantically appropriate item is selected; it is syntactically but 
not yet phonologically specified. During word form retrieval, 
the lexical item's phonological form is accessed. Evidence for 
the two-step theory of lexical access comes from speech error 
analyses (e.g., Garrett, 1988), investigations of the tip-of-the-
tongue state (e.g., R. Brown & McNeill, 1966; for a review see 
A. S. Brown, 1991), analyses of prelexical hesitations (Butter-
worth, 1980b; Garrett, 1982), and experimental studies (Kem­
pen & Huijbers, 1983). 

Although the distinction between lemma selection and word 
form retrieval is now widely accepted, existing models diverge 
on the issue of whether these two processes interact. In a 
pioneering article, Dell and Reich (1981) provided statistical 
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evidence for the existence of a lexical bias effect in the 
generation of phonological errors (trouble in correctly retriev­
ing a phonological form tends to lead to existing words) as well 
as a mixed-error bias (error words exhibit both semantic and 
phonological resemblance to the target word). From this, they 
concluded that the two processes are unlikely to be completely 
independent. These observations have been the major motiva­
tion for interactive models of lexical access, most notably 
Dell's (1986), which conceived lexical selection and word form 
encoding as fully interactive processes. Levelt et al. (1991a) 
argued that such models must also have specific implications 
for the time course of lexical access in normal (nonerroneous) 
speech processing. Their experimental results did not support 
the interactive view. In particular, there was no trace of lemma 
activation at the later, phonologically active stage; this, how­
ever, had to be expected on the interactive account. Rather, 
the data supported a modular version of the two-step theory, 
which states that accessing lemmas strictly precedes accessing 
lexemes, without feedback. In addition, the activation of a 
lexeme appeared to be contingent on the selection of the 
corresponding lemma, not just its activation. This argued 
against noninteractive models of the cascading type, in which 
there is unconditional unidirectional flow of activation. Fur­
ther evidence for the modular theory was obtained by Schrief-
ers, Meyer, and Levelt (1990). These following articles provide 
extensive and productive discussions in the literature: Dell & 
O'Seaghdha (1991), Dell & O'Seaghdha (1992), Harley (1993), 
Levelt (1992), and Levelt et al. (1991b). At present, it makes 
sense to explore all models concurrently. 

The lexical production model advanced in our research is of 
the modular two-step type and largely follows that of Roelofs 
(1992). The lexicon is conceived of as an activation spreading 
network that specifies the semantic, syntactic, and phonologi­
cal properties of words. Figure 1 shows a somewhat simplified 
fragment of the network.' The network contains three layers of 
nodes that are connected by arcs. Note that the arcs are 
directionally labeled for tjicir type only; this does not necessar­
ily coincide with the flow of information. 

The top layer displays the conceptual stratum. Strictly 
speaking, this stratum is not part of the lexicon itself. Instead, 
it represents the propositional semantic system, as involved in 
cognitive activities such as reasoning. In language production it 
provides the conceptual input that guides the selection of 
lexical elements. Each concept for which there is a word in the 
language (i.e., each lexical concept) corresponds to a node at 
this level. The word's meaning is represented by the set of 
labeled links to other conceptual nodes. The meaning of 
"horse," for instance, is represented by the conceptual node 
HORSE and its network of conceptual connections. One of 
them, depicted in Figure 1, is the isa link to ANIMAL, which 
specifies a superordinate category of HORSE. So far, the 
model follows Collins and Loftus (1975). 

In contrast to the Collins and Loftus (1975) model, the 
conceptual layer first feeds into a layer of abstract, phonologi­
cally unspecified lexical entries or lemmas. The lemma stratum 
is the first truly lexical layer. In Roelofs's (1992) treatment, 
lexical selection is defined as selection of a lemma. A lemma's 
role is to mediate between conceptual, syntactic, and phonologi­

cal lexical information. Within its stratum, a lemma connects 
to nodes that represent the word's syntactic properties, such as 
its syntactic category (cat), its gender (gen), or its subcategori-
zation features. In the given example, the lemmapaard (Dutch 
for horse) is specified as a noun with neuter gender. 

Finally, each lemma node projects onto its associated 
lexeme node in the third stratum of the model. The lemma 
paard, for instance, connects to the lexeme lpa:rdl. At this 
level, the word's abstract phonological form is represented, in 
particular its segmental content and its metrical properties 
(syllabicity and accent structure). For reasons of simplicity, 
Figure 1 represents only the segmental information. 

There are several reasons for distinguishing between lem­
mas and lexemes (see Kempen & Huijbers, 1983, who intro­
duced these terms, and Levelt, 1989, for a fuller treatment). 
Most people have experienced the occasional tip-of-the-
tonguc state. In this state, one accesses the lemma but cannot 
retrieve the lexeme. This problem is a basic symptom of 
anomic aphasia. French, German, or Dutch anomic patients 
can access the lemma when the lexeme is inaccessible. The 
patient usually produces the noun's correct, gender-marked 
article, even when access to the noun's phonology is blocked 
(see Henaff Gonon, Bruckert, & Michel, 1989, for evidence 
from a French patient). 

Within the lemma stratum, abstract syntactic nodes repre­
sent a lexical entry's syntactic category and gender. The model 
assumes that all nouns project onto the same noun node and 
that all nouns of one gender class (masculine, feminine, or 
neuter) are linked to a single node representing that gender. 
The model also incorporates a property of the Dutch gender 
system that we exploited in the experiments reported in this 
article. In Dutch, nouns of masculine and feminine gender 
require de as the singular definite article. Thus, the syntactic 
nodes representing feminine and masculine gender are linked 
to the same article lemma de. Nouns of neuter gender, on the 
other hand, are linked to the article lemma het. Dutch speakers 
refer to these nouns as de words and het words; we adopt these 
terms in this article. There needs to be two nodes representing 
masculine and feminine gender because some anaphors, such 
as personal pronouns, take different forms depending on 
whether they refer to a noun of masculine gender, for example, 
////[he] or one of feminine gender, for example, zij [she]. 

Usually a lemma is activated from its corresponding con­
cept. However, the process is more complicated for so-called 
function words, such as articles. The activation of their lemmas 
depends in part or in full on the activation of other lemmas. 
Accessing an article lemma requires first accessing the corre­
sponding noun's lemma. According to our model, access to the 
gender marking article lemma is mediated by the abstract 
gender node. See Levelt (1989, p. 238) and Bock and Levelt (in 
press) for a fuller treatment of this "indirect election" of 
function words. 

1 We do not, for example, consider how morphological complex 
words are stored and retrieved (see Levelt, 1989). 
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isa isa isa 
Concept Level 

sense sense sense 

Lemma Level 

sound form sound form sound form sound form sound form 

Lexeme Level 

Figure 1. Fragment of the lexical production network. Cat = category; gen = gender; isa = is an instance 
of; fern = feminine; neut = neuter; masc = masculine. 

Evidence for the Locus of Frequency Effects 

Since Oldfield and Wingfield's (1965) discovery, the word 
frequency effect in production has figured in studies of picture 
naming, of prelexical hesitation, and of speech errors. These 
studies provide hypotheses about the locus of the effect. 

Picture Naming 

As previously mentioned, one important finding was that the 
word frequency effect appears to be lexical in origin. The effect 

disappears if the objects have to be recognized but not named 
(cf. Bartram, 1976; Jescheniak, 1993a; Wingfield, 1967, 1968). 
Kroll and Potter (1984), however, did find a (24-ms) frequency 
effect in an object decision experiment. Although the word 
frequency effect in naming has repeatedly been confirmed 
(Humphreys, Riddoch, & Quinlan, 1988; Huttenlocher & 
Kubicek, 1983), these studies did not add to a further refine­
ment of the locus discussion. The models that- were used 
distinguished only between a concept and a word, and the 
frequency effect was usually adduced to the word level. 
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However, our model does distinguish between a word's lemma 
and its lexeme. Naming studies have, until recently, not 
acknowledged that distinction. The distinction, however, origi­
nated from work on prelexical hesitations and speech errors, 
and they do provide some initial but inconclusive indications 
about the origin of the frequency effect. 

Prelexical Hesitations 

Maclay and Osgood (1959) found for their sample of 
spontaneous speech that 47% of the speech pauses did not 
coincide with grammatical junctures; they were genuine hesita­
tions. These pauses, whether filled (with er or the like) or 
unfilled, were found to precede open-class words more often 
than closed-class words (see also Martin & Strange, 1968). 
Garrett (1982), on the basis of normal and aphasic word-
finding problems, argued that 

in the normal course of events, prelexical hesitations be viewed as 
form based—i.e. the hesitation arises not out of a search for a 
lexical item which satisfies conceptual constraints, but rather out 
of processes which retrieve items from the form-based inventory. 
(p. 65) 

In terms of our model, prelexical hesitations are caused in 
accessing lexemes, not lemmas. The question then arises 
whether prelexical hesitations depend on the frequency of the 
word they precede. If so, there would be evidence for a 
lexeme-level locus of the word frequency effect; the closed-
class words in the Maclay and Osgood study were, after all, HF 
items. The hypothesis that prelexical hesitation is word fre­
quency dependent was tested by Beattie and Butterworth 
(1979). They carefully distinguished between a word's fre­
quency and its predictability in context and found that predict­
ability, not frequency, correlated with hesitation probability. In 
a study of precolor word hesitations in pattern descriptions, 
however, Levelt (1983) did find a correlation between prelexi­
cal filled pauses and color word frequency, but almost no 
predictability effect. Hence, the hunting ground is still open; it 
may be the case that prelexical hesitation is both form and 
frequency related. This would testify to a lexeme-level locus of 
the word frequency effect. The delay in the retrieval of an LF 
lexeme may lead to a noticeable disruption of the utterance. 

Speech Errors 

Speech errors have long been the primary data of produc­
tion research, and it has been repeatedly shown that LF words 
are more susceptible to errors than HF words (Dell, 1988, 
1990; Stemberger, 1984; Stemberger & McWhinney, 1986). 
With respect to the frequency effect in speech errors, the same 
question can be asked as before: Is the observed frequency 
effect a result of accessing lemmas or of accessing lexemes? 
Until recently, the only relevant evidence here was the 
differential frequency sensitivity of meaning-based substitu­
tion errors (such as belt substituting for collar) as compared 
with form-based substitutions (such as freeze for phrase). 
Whereas the former are assumed to reflect a failure of lemma 
selection, the latter are probably due to trouble in word form 
retrieval (Garrett, 1980). A suggestive pattern emerges from 
comparisons of the intruding word's frequency and the target 

word's frequency in these two types of word substitution. In 
meaning-based substitution errors, the intruding word is as 
likely to be lower in frequency than the intended word as it is to 
be higher in frequency. The situation, however, is much 
different for form-based substitution errors. With this type of 
error, the intruding word usually substitutes for a lower 
frequency word (del Viso, Igoa, & Garcia-Albea, 1991; Hotopf, 
1980; Kelly, 1986). Such a pattern suggests that frequency is 
coded only at the lexeme level. However, this conclusion must 
be tentative. The effects reported are small, as are some of the 
error samples.2 Clearly, further evidence is needed. 

Dell (1990), to our knowledge, was the first to study the issue 
experimentally. In a study of experimentally elicited speech 
errors, he replicated the frequency effect that was observed 
earlier: An LF target is more susceptible to phonological error 
than an HF target. This effect was, moreover, independent of 
the target word's syntactic category (open or closed class). 
What is important for our purposes is Dell's finding of a 
homophone effect. LF words with an HF homophone (such as 
wee with homophone we) are as little prone to induced 
phonological errors as are their high-frequent twins. That is, 
an LF homophone profits from sharing its word form with an 
HF word. Although this seems to indicate that frequency is 
coded at the lexeme level, not at the lemma level (homophones 
share their lexeme but not their lemmas), Dell argued for a 
lemma-level explanation within his interactive model. In a 
computer simulation including lemma, lexeme, and segment 
nodes, he manipulated lemma resting-level activations accord­
ing to the frequency of the words. In case of homophonic 
words, two lemmas project onto the same lexeme. When an LF 
homophone lemma is active, it spreads activation to its lexeme. 
During the next step, the latter feeds activation back to the 
homophonic twin lemma. Subsequently, both lemmas will send 
activation to their joint lexeme and down to its constituent 
segments. In this way, the LF homophone inherits the activa­
tion power of its HF twin. Of course, the model produces such 
a pattern only because it allows for feedback between levels. 
However, this assumption has been challenged. Whereas an 
interactive model can freely locate frequency effects at the 
lemma or the lexeme level, this is not so for a modular model. 
There, homophone data will be decisive for the one or the 
other level. 

The three kinds of data reviewed are insufficient in locating 
the frequency effect with confidence. The most reliable data 
are the latency data from object recognition studies. They 
make a conceptual origin of the effect unlikely, although this 
has to be carefully checked in view of the results of Kroll and 
Potter (1984). It still needs to be shown that the effect is not 
due to the initiation of articulation. If the effect is indeed 
lexical, then new data are needed to distinguish between a 
lemma-level and a lexeme-level interpretation of the effect. 
We chose to use picture naming as our basic research para­
digm. In addition, we used recognition, gender decision, and 

2 Also, this pattern is not always obtained. As Merrill Garrett 
(personal communication, June 1992) pointed out to us, no such 
differential effect of frequency is apparent in the Massachusetts 
Institute of Technology corpus. 


