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This study examines picture naming latencies for predicted effects of two
word retrieval factors: onset complexity and number of syllables. In
Experiment 1, naming latency was longer for depicted words with two
syllables e.g., demon, than one syllable, e.g., duck, and longer for words
beginning with consonant clusters, e.g., drill, than single consonants, e.g.,
duck. Experiment 2 replicated these results and showed that vowel nucleus
and coda complexity did not interact with onset complexity, and did not
affect naming latency. Moreover, effects of onset complexity and number of
syllables were additive, and unrelated to word frequency, articulatory factors,
or picture complexity. These results comport with evidence from speech
errors and metalinguistic tasks and with predictions of the Node Structure
theory of language production, but do not support production theories that
do not predict special processing difficulty for words with complex onsets and
multiple syllables.

INTRODUCTION

This paper addresses the question of how phonemes and syllables of a
word are retrieved in proper order when naming pictures of common
objects. Object naming is a basic task that requires a complex combination
of perceptual and motor skills. To understand what units and processes
underlie these skills, cognitive psychologists often break down the picture
naming task into simpler aspects, e.g., perceptual processing of the picture,
retrieval of the name and its phonology, and articulatory programming of
the response. The present study develops and tests a theory of the second
aspect of picture naming: how the name and its phonology are retrieved.
We first describe the theory, and then review the relevant literature.
However, to tap all and only the word retrieval aspects of picture naming,
we had to solve some methodological problems, which we describe before
the details of our experiments.

PHONOLOGICAL RETRIEVAL IN NODE
STRUCTURE THEORY

This section applies Node Structure theory (NST; MacKay, 1981, 1987) to
the task of picture naming. NST was developed originally to represent
processes involved in normal, everyday production of words in sentences,
and the present application assumes that these same processes play a role
in retrieving single words when naming a picture. The present application
allowed greater specification of the principles involved in the sequential
activation of syllables and segments in words.

NST represents linguistic entities such as words and syllables via simple
processing units known as nodes, and there are two interacting networks of
nodes: a content network, and a sequence network. We first describe how
these networks are organised, and then how they interact to control the
serial order of behaviour.
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Organisation of the Content Network

The content network consists of hierarchically organised nodes that
represent the content of what is perceived or produced. In the case of
words and their phonology, content nodes represent units such as syllables,
syllable onsets, rhymes, vowel nuclei, codas, and individual segments or
speech sounds. Thus, the lexical node for a multisyllabic word connects to
its syllable nodes, each of which connects to nodes representing an onset
and a rhyme. If the onset or rhyme nodes consist of more than one unit,
then the onset node connects to its segment nodes, and the rhyme connects
to the vowel nucleus and coda nodes, which can, in turn, connect to several
segment nodes.

By way of illustration, Figure 1 shows the hierarchic structure of
phonological content nodes for producing the word truck, and Figure 2
compares the structure of content nodes for producing words that begin
with one versus two consonants (e.g., duck versus drill, and demon versus
dragon), and contain one versus two syllables (e.g., duck versus demon,
and drill versus dragon). Under NST, connections between phonological
content nodes are all excitatory and two-way, i.e., they connect bottom-up
as well as top-down, although only the top-down connections are relevant
to present discussion.

Organisation of the Sequence Network

The sequence network consists of nodes that control the sequencing of
behaviour by imposing serial order on the activity of content nodes. These
sequence nodes ensure that content nodes are activated in proper order
and that only one content node at a time becomes activated (see Houghton
& Hartley, 1995; Lashley, 1951; MacKay, 1981, 1987). To do this, sequence
nodes represent abstract sequential classes by virtue of how they connect
and interact with content nodes and with other sequence nodes. Each
sequence node has two-way excitatory connections with a set of content
nodes that constitute its ‘“‘sequential domain”. In general, a domain is a set
of content nodes that all have the same sequential properties ot privileges
of occurrence in relation to other domains. As applied to syllable structure,
a domain corresponds to the content units that can occupy a given
sequential position in syllables.

By way of illustration, Figure 1 shows the sequence nodes for producing
the word truck in NST, with sequence nodes identified via a capitalised
label such as ONSET, and content nodes identified via a two part lower
case label such as tr(onset). The first part of this label (e.g., tr) identifies the
content, and the second part identifies the sequential domain in
parentheses, e.g., (onset). Thus, the sequence node ONSET (see
Figure 1) has the domain (onset) and includes all content nodes
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CONTENT NODES SEQUENCE NODES

truck(noun)

ir (onset)

t I u k
(onset initial) (onset final) (vowel) (coda)

Figure 1. Content and sequence nodes for producing the word truck in NST. Thin lines
represent two-way excitatory connections. Thick lines represent uni-directional inhibitory
connections.

representing consonantal units that can precede the vowel in English
syllables. This onset domain includes both syllable-initial singletons, e.g.,
t(onset) and s(onset), and syllable-initial clusters such as st(onset) and
str(onset).

NST assumes that sequence nodes connect to one another via
undirectional links that are inhibitory in nature, and Figure 1 indicates
these undirectional inhibitory connections via thick arrows. These
inhibitory connections fall into two categories: lateral versus terminal
inhibitory connections. Lateral inhibition between sequence nodes
represents a sequential rule, e.g., the rule that onsets always precede
rhymes in syllables, and is illustrated via thick horizontal arrows in
Figure 1, e.g., the one linking ONSET to RHYME. Terminal inhibition
signals when one sequential process ends and the next begins, and is
indicated via thick vertical arrows in Figure 1, e.g., the one linking CODA
to RHYME. The functions and detailed operation of these two types of
inhibitory connections are discussed in subsequent sections.

How Content and Sequence Nodes Interact

The interaction between content and sequence nodes is central to the
distinction between node priming and node activation in NST. Priming
and activation are theoretical processes that originated with Lashley
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Figure 4. Mean corrected naming latency (by participants) as a function of onset and vowel

Mean Latencies (in ms) and Number and Percentage of Errors as a Function of
Onset Complexity and Coda Complexity in the Three Conditions of Experiment 2:
Delayed and Standard Picture Naming, and Name-Picture Matching.
Corrected Naming Latencies are the Latencies for Standard Minus Picture-Name

Matching
Coda Complexity
Latency Errors
Onset
Task complexity Simple Complex Simple Complex
Delayed Simple 382 376 1 (0.55%) 0 (0%)
naming Complex 396 388 3 (1.66%) 0 (0.0%)
Standard Simple 756 848 9 (5.00%) 33 (18.33%)
naming Complex 846 938 23 (12.77%) 41 (22.77%)
Name-picture Simple 532 582 4 (2.22%) 3 (1.66%)
matching Complex 549 612 3 (1.66%) 2 (1.11%)
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effect of coda complexity by subjects [F1(1,29) = 29.09, MSe = 875323, P
< 0.01], and marginally by items [F,(1,20) = 3.39, MSe = 17621.3, P =
0.08]. There was no onset x coda complexity interaction (both Fs < 1).

Errors comprised 14.72% of experimental trials in the standard naming
task, showing no interactions, but a main effect of onset complexity by
subjects [F1(1,29) = 4.98, MSe = 0.022, P = 0.03], but not by items
[F2(1,20) = 1.76, MSe = 0.013, P > 0.15]. There was also a main effect of
coda complexity by subjects [F1(1,29) = 19.55, MSe = 0.021, P < 0.01],
and by items [F,(1,20) = 6.42, MSe = 0.013, P = 0.02].

Block 3: Name-picture Matching. Outliers comprised 1.66% of the
name-picture matching data. Analyses of the latency data indicated a main
effect of coda complexity by subjects [F1(1,29) = 19.74, MSe = 4887.46, P
< 0.01], and by items [F»(1,20) = 7.85, MSe = 2464.88, P = 0.01]. The
main effect of onset complexity was marginally significant by subjects
[F1(1,29) = 3.97, MSe =4039.11, P = 0.056], but not by items [F,(1,20) =
1.49, MSe = 2464.88, P > 0.15]. There was no onset x coda complexity
interaction (both Fs < 1). Errors comprised 1.66% of the name-picture
matching trials, and showed no main effects or interactions (all Fs < 1).

Corrected Latencies. Figure 5 shows mean corrected latencies. These
data showed a main effect of onset complexity by subjects [Fi(1,29) =
15.36, MSe = 8656.92, P < 0.01], but not by items [F»(1,20) = 2.62, MSe =
14569.81, P = 0.12]. Coda complexity exhibited a non-significant trend in
corrected means [F1(1,29) = 2.2, MSe = 17093.04, P = 0.14; F, < 1], with
no other effects or interactions (all Fs < 1).

Discussion

Corrected latencies in Experiment 2, in general, supported all five NST
Predictions. The analysis of Item Set 3 in standard naming resembled
Experiment 1: main effects were comparable in size to Experiment 1 for
onset complexity (86 ms versus 70 ms) and for number of syllables (60 ms
versus 61 ms), and can be considered a successful replication of
Experiment 1 despite the marginal significance of the by-items analyses
in Experiment 2. Consistent with NST Prediction 3, the number of
syllables x onset complexity interaction in the standard naming latencies
of Experiment 1 disappeared in Experiment 2, in part because changing
TREE TRUNK to ELEPHANT TRUNK reduced errors for monosyllabic
words with complex onsets. In this regard, it is of interest that Dupoux
(pers. comm., 1997) was able to replicate the present number of syllables
and onset complexity effects in a subsequent standard naming task using
the same stimuli as in Experiment 1, when participants were given
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Figure 5. Mean corrected naming latency (by participants) as a function of onset and coda
complexity in Experiment 2.

Onset Complexity

additional training blocks in an initial delayed naming task. Moreover,
there was no number of syllables x onset complexity interaction in the
Dupoux data, suggesting that added training can override unwanted
picture complexity effects. The extra training virtually eliminated errors in
the standard naming task and both main effects but no interactions were
observed, which conclusively rules out explanations of standard picture
naming latencies in terms of number of errors.

Results for Item Set 2 also indicated an onset complexity effect that
supported Prediction 2 of NST. Onset complexity had a clear effect on
both standard naming latency (about 90 ms) and corrected latency (about
71 ms) with conditions CVC, CVV(C), CVCC, CCVC, CCVV(C) and
CCVCC treated as two partial factorial designs that crossed onset
complexity with vowel nucleus complexity, and onset complexity with
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APPENDIX A

Experimental stimuli in Experiment 1 with frequency of use in parentheses (from
Francis et al., 1982), and their corrected latencies (rounded to the nearest ms). Rows
contain stimuli with identical initial segments

Monosyllables Bisyllables

Simple onset Complex onset Simple onset Complex onset

bulb  (10)198  bread  (41)209  bullet (49) 387  breakfast  (55) 317
bull (16)399  brook  (3)261  bubble  (25)299 blackboard  (2) 446

bell (36) 172 bride  (40) 361  basket (19) 300  blanket (39) 412
can (12) 350 cliff (11) 321 castle (12) 228  cradle (8) 274
cap (22) 129 clock (28) 160  candle (23)201  classroom (23) 338
duck (6) 281 drill (21) 232 demon (17) 510  dragon (3) 298
fish (33) 116  flag (18) 185  feather (19) 308  flashlight (8) 246
fork (20) 135 flock (11) 367  fountain  (22) 280  flautist (8) 451
ghost (16) 217  grill (11) 433 garlic (4) 520  grenade (9) 453
pill (23) 298 plug (23)200  package (25)391 planet (44) 355
pig (14) 265  prop (8) 326  peacock (6) 436 printer (4) 451
tie (27) 226 trap (27) 547 tiger (9) 156  trigger (11) 273
torch (4) 367 trunk (13) 186 tunnel (12) 352 tractor (31) 332
tusk (3)366  trash (2)301  turtle (9) 165  treasure (10) 327
Mean 172) (18.35) 17.9) (18.2)

42



144

APPENDIX C
Experimental stimuli in Experiment 2, item set 2, with their corrected latencies {rounded to the nearest ms)
cve RT cvv(C) RT cvee RT CCcve RT CCvv(C) RT ccvee RT
fish 107 foam 393 fork 58 flag 94 fly 307 flask 329
pen 196 pie 191 pond 423 prop 492 plate 273 priest 356
pig 230 pear 162 pearl 302 plum 341 prow 347 prince 427
tea 404 tie 125 tank 224 truck 207 train 160 trunk 166
can 260 cage 253 cart 382 clip 384 crow 325 clamp 433
cap 151 cake 266 cork 314 cliff 404 crane 380 crank 373




