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ABSTRACT

A number of studies that observed semantic facilitation in a picture—word interference task questioned
the hypothesis that lexical selection during speech production is a competitive process. Semantic
facilitation effects are typically observed when context words and target names do not belong to the
same semantic category level. In the experiments reported in this article, we used a picture—word
interference task with basic-level context words and basic-level naming (i.e., the context word is dog,
and the target name is cat) to investigate semantic context effects. We observed a reversal of semantic
context effect: context words that induce semantic interference when stimulus onset asynchrony (SOA)
are —100 and O ms and induce semantic facilitation at large negative SOA values (from —1000 to —400
ms, in steps of 200 ms). At the empirical level, our data suggest that manipulating SOA can reverse the
polarity of the semantic context effect. Our analysis demonstrates that the conceptual selection model
provides the most straightforward way to account for the reported polarity shift and the different SOA
ranges covered by the semantic interference effect and the semantic facilitation effect.

The picture—word interference (PWI) task is a widely used paradigm to study
cognitive processes involved in speech production.! In this task, a semantic rela-
tionship between a written semantic context word such as dog and a target picture
such as cat slows naming relative to an unrelated condition (e.g., table; Glaser &
Diingelhoff, 1984; Lupker, 1979; Schriefers, Meyer, & Levelt, 1990; Starreveld &
La Heij, 1995). Most models addressing lexical access in language production as-
sume that the time taken to select a target lexical node depends not only on its own
activation level but also on the activation level of competing lexical nodes. The
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higher the relative activation levels of the competitor’s lexical nodes, the longer it
will take to select the target lexical node. This is known as the lexical selection
by competition (LSC) account (Starreveld & La Heij, 1996; Levelt, Roelofs, &
Meyer, 1999). According to this account, the semantic interference effect is often
assumed to occur at the lexical level during speech production (e.g., Levelt, et al.,
1999; Roelofs, 1992; Starreveld & La Heij, 1996).

However, the failures to observe interference and reports of facilitatory
semantic-context effects cast doubt on the lexical competition account. For in-
stance, Alario, Segui, and Ferrand (2000) and Costa, Alario, and Caramazza (2005)
found semantic facilitation effects when a part—-whole relation was introduced be-
tween context words (e.g., anchor) and target pictures (e.g., boat) in the PWI
task. To account for the semantic context effects in the PWI task, Finkbeiner and
Caramazza (2006) and Mahon, Costa, Peterson, Vargas, and Caramazza (2007) in-
troduced the so-called response exclusion hypothesis (REH).> The REH posits that
context words involuntarily occupy a single-channel response buffer, which holds
motor programs, and context words have to be removed from the response buffer
before the target can be named. The response buffer is assumed to have rudimen-
tary knowledge concerning “response relevance” (e.g., Glaser & Glaser, 1989; La
Heij, 1988; Lupker, 1979; Lupker & Katz, 1981; Simon & Sudalaimuthu, 1979),
and as a consequence, semantically related distractor words take longer to remove
than unrelated words. The REH not only postulates that semantic interference
effects reside at the postlexical processing stage but also assumes that semanti-
cally related distractor words can prime target responses at the conceptual level,
hence, the observed effect depends on the exact interplay between conceptual and
postlexical properties.

THE CONCEPTUAL SELECTION MODEL AS A MODIFIED
VERSION OF LSC

Using a word-translation task, Bloem and La Heij (2003) found that context
words induce semantic interference, whereas the context pictures induce semantic
facilitation. According to the LSC, the concepts of pictures activate their target
names at the lexical level and more activation spreads from target concepts to
context concepts than vice versa, and hence, the LSC predicts that context pictures
induce semantic interference in a similar manner to context words. To explain their
findings, Bloem and La Heij proposed a conceptual selection model (CSM), which
modified the LSC model in the two respects. They first assumed that only one
concept is selected at the conceptual level to enter the process of lexicalization.
This selection is realized by assuming a threshold at the conceptual level, and
it is important that only a concept that reaches the threshold can activate its
corresponding lexical representations. That is, the CSM assumes that context
pictures facilitate target identification but do not induce competition at the lexical
level. The second modification is that the target concept not only spreads activation
to its correct name at the lexical level but also spreads activation to semantic context
words when it reaches the threshold at the conceptual level.

As a competitive model, Roelofs (2006) argued that the word from encoding
by the activation and verification model can account for the polarity shift of
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semantic context effects. In the case in which words are used as distractors and
pictures as targets, the target pictures activate the lemmas of semantically related
distractor words to a greater extent than the distractor words activate the target
lemma. Therefore, word distractors in picture naming yield longer latencies in
the semantic than in the unrelated condition. In the case in which words are
used as targets and pictures as distractors, the distractor pictures also activate the
lemmas of semantically related words (including target words). Therefore, picture
distractors in word naming yield shorter latencies in the semantic than in the
unrelated condition. Roelofs’s interpretation depends on the task (picture or word
naming) and the relationship between the distractors and targets.

Bloem, van den Boogaard, and La Heij (2004) manipulated the stimulus onset
asynchrony (SOA) between context words and target pictures, and they found
that context words induce a semantic interference effect at a 200-ms SOA (con-
text words presented 200 ms after targets) but semantic facilitation effect at a
—400-ms SOA (context words presented 400 ms before targets) in a word-
translation task. The LSC model has difficulty in accounting for semantic fa-
cilitation effects induced by preexposed context words. This is because using
the same materials set at SOAs of —400 and 200 ms yielded no reversal of the
target—distractor relationship and no task switching from picture naming and word
naming in Bloem et al. (2004) and Finkbeiner and Caramazza (2006).

Bloem et al. (2004) argued that the threshold plays an important role in explain-
ing the semantic facilitation effect at a—400-ms SOA. Because of the threshold, the
activation at the conceptual level cannot spread to the lexical level to activate the
lexical representations, while the activation of context word decays to the baseline
during the SOA interval. As a result, there is a semantic facilitation effect at the
conceptual level but no semantic interference effect at the lexical level. Bloem
et al. (2004) further assumed that only one concept is selected for lexicalization
and the activation at the conceptual level decays slower than the activation at the
lexical level. The facilitation effect at a —400-ms SOA arises because of persistent
activation at the conceptual level, and the activation of context words declines to
the baseline at the lexical level, whereas the interference effect at a 200-ms SOA
arises because of the competition between context words and target nodes at the
lexical level.

Although the CSM is proposed based on the results of a word-translation task
with a bilingual scenario, it can account for observations from the PWI task in a
monolingual scenario, especially for certain new findings. For instance, Finkbeiner
and Caramazza (2006) acknowledged that their findings could be easily captured
by the CSM. However, Roelofs (2007) proposed that the findings from a word-
translation task are insufficient to support the CSM in a monolingual context.
Therefore, it is necessary to test the CSM’s assumption in a monolingual context.

Studies on the PWI task suggest that varying the SOA may change the polarity
of the semantic context effect. For example, La Heij, Dirkx, and Kramer (1990)
found a sizable facilitation effect (69 ms) at a—800-ms SOA but a minor facilitation
effect (11 ms) at a—400-ms SOA. Glaser and Diingelhoff (1984), however, failed to
observe any sign of a facilitation effect in picture naming. Given these inconsistent
findings, it is necessary to replicate the pattern of the semantic context effect in
the PWI task.

https://doi.org/10.1017/5014271641500034X Published online by Cambridge University Press


https://doi.org/10.1017/S014271641500034X

Applied Psycholinguistics 37:5 1028
Zhang et al.: Semantic interference and facilitation effect

THE PRESENT STUDY

We sought to investigate semantic context effects in a PWI task with basic-level
context words and basic-level target picture names (a within-level relationship
between context words and target names; i.e., the context word is dog, and the
target name is cat). A basic-level semantic relationship was considered because
this relationship has repeatedly been reported to induce a semantic interference
effect. We had two objectives. First, at an empirical level, we sought to investi-
gate whether the manipulation of SOAs could lead to a reversal from semantic
interference (at SOA values close to zero) to semantic facilitation (with larger
negative SOA values) in picture naming with words as distracters and pictures
as targets. Second, we sought to test the CSM’s assumption regarding the differ-
ent decay rates at the conceptual and lexical levels. The CSM predicts different
patterns of semantic facilitation and semantic interference as a function of dif-
ferent SOAs, due to different decay rates of the activations at the conceptual and
lexical levels. In our experiments, SOAs of —100 to 200 ms, in steps of 100 ms
(Experiment 1); SOAs of —1000 to —400 ms, in steps of 200 ms (Experiment
2); and SOAs of —400 and 0 ms (Experiment 3) were used. According to the
CSM, we expect the semantic interference effect to arise at SOAs close to zero
but the semantic facilitation effect to arise at larger negative SOA values. The
semantic facilitation effect would span a broader SOA range than the semantic
interference effect, because the CSM assumes that conceptual activation decays
slower than lexical activation. The REH does not have a clear position in this
respect.

As a control, we also manipulated the phonological (or orthographical) rela-
tionship between a context word such as key and a target picture such as cat,
which is expected to speed naming relative to an unrelated condition, known
as the phonological facilitation effect (Glaser & Diingelhoff, 1984; Schriefers,
et al.,, 1990; Starreveld & La Heij, 1995). This effect is typically localized
at the lexical-phonological level. Under the assumption of a high decay rate
at the lexical level, the CSM predicts that context effects that are localized at
this level dissipate rapidly over time. Therefore, phonologically and orthograph-
ically related conditions were included in Experiments 1 and 2 to determine
whether the context effects at the lexical level dissipate rapidly. Participants can-
not anticipate the relationship between context words and targets, because four
different conditions (semantically related, phonologically related, orthographi-
cally related, and unrelated) are randomly presented in the experiments. Ac-
cording to the CSM, we expect that the phonological (or orthographic) facilita-
tion effect would span a narrow SOA range, as this effect arises at the lexical
level.

EXPERIMENT 1

Experiment 1 used SOAs from —100 to 200 ms, in 100-ms steps, to examine the
semantic context effect with basic-level picture naming and basic-level context
distractor words. Context words were presented visually.
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Table 1. Lexical properties of picture names and context words used in Experiments 1

and 2

Lexical Properties Targets S o P U
Mean of written frequency 12.13 4.60 10.55 7.96 5.73
Median of written frequency 3.94 3.28 8.37 5.04 4.60
Stroke numbers 14.7 15.6 17.3 16.8 16.0
Word length of phonemes 7.9 83 8.1 8.1 8.0
Note: S, Semantically related; O, orthographically related; P, phonologically related; U,
unrelated.
Methods

Participants. Twenty-eight students (age range = 20-25 years, mean age = 22.1
years, SD = 1.82 years) at Beijing Forestry University and China Agricultural
University participated for a small fee. All were native Mandarin Chinese speakers
and had normal or corrected-to-normal vision.

Materials. Twenty-one black-and-white line drawings were selected from Zhang
and Yang’s (2003) picture database, and all have disyllabic basic-level names.
Each target picture was matched with four context distractor types, corresponding
to a semantically related (basic-level context words), orthographically related,
phonologically related, and unrelated condition. For these picture names, the
semantically related distractor words belonged to the same semantic category
as the target pictures (i.e., .0, /beidxinl/, waistcoat vs. ¥ #%, /duan3kud/,
short pants). Orthographically related distractor words shared similar orthographic
properties with the first characters of the target picture names (15 *&, /ken3ding4/,
to be sure). For example, 75 and 15 share an identical radical H (/yue4/, moon).
Phonologically related words had common segmental syllables but with different
tones from the first characters of picture names (AL#, /beilji2/, the North pole).
Unrelated words (/£ )i, /xinglzuo4/, constellation) did not bear any semantic,
orthographic, or phonological relationship with the target picture names. Context
words were statistically matched across the two conditions on stroke numbers of
disyllabic words and written frequency based on normative information reported
in the database of Chinese Lexicon (Chinese Linguistic Data Consortium, 2003).
Table 1 reports the mean stroke numbers of two characters and the mean (and the
median) of the written frequency of picture names and context words. All items
are reported in Appendix A.

Design. The experimental design included four context types (semantically re-
lated, orthographically related, phonologically related, and unrelated) and four
SOAs (-100, 0, 100, and 200 ms) as within-participant and within-item variables.
Each participant viewed 21 target pictures four times, that is, 84 trials in each
SOA condition, resulting in 336 combinations. Trials were blocked by SOA. The
order of SOA blocks was counterbalanced according to a Latin square design. The
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order of items within an SOA block was pseudorandomized to prevent a target
from being repeated in 2 consecutive trials. A new sequence was generated for
each participant and each block.

Apparatus. The experiment was performed using E-Prime Professional Software
(Version 1.1; Psychology Software Tools). Participants were seated approximately
60 cm from a 17-in. CRT computer screen. Naming latencies were measured from
target onset using a voice key, connected to the computer via a PST Serial Response
Box.

Procedure. Participants were tested individually. They sat in a dimly lit room at
a comfortable viewing distance in front of the computer. Before the experiment,
participants were informed that their task was to name pictures. Participants were
asked to familiarize themselves with the experimental stimuli by viewing each
target for 3000 ms with the picture name printed below each picture. Then, each
experimental block was administered with 4 warm-up trials and 84 experimental
trials for each SOA block.

Each trial involves the following sequence: a fixation point (4) presented in the
middle of the screen for 500 ms, followed by a blank screen for 500 ms. Then,
the target picture appeared at the center of the screen, and the distractor word was
presented at the center of the picture in a manner appropriate for the particular
SOA block (-100 ms: distractor onset preceded target onset by 100 ms; O ms: target
and distractor appeared simultaneously; 100 and 200 ms: distractor onset followed
target onset by 100 and 200 ms). Target pictures and distractor words disappeared
when participants initiated a voice response. Participants were asked to name the
target aloud as quickly and accurately as possible. The maximum response time
was set to 3000 ms. Following each response, the experimenter judged whether
the response was correct (or whether a voice key error had occurred). The intertrial
interval was set at 1500 ms. The experiment lasted approximately 30 min.

Results

Data from incorrect responses, with naming latencies longer than 1800 ms or
shorter than 200 ms, and deviating by more than 3 SD from cell means, were
removed from all analyses. The above-mentioned criteria accounted for 1.48%,
0.27%, and 1.83% of the data, respectively. The remaining data were used in
the subsequent statistical analysis. Table 2 presents the mean latencies and error
percentages, presented by context type and SOA.

An analysis of variance (ANOVA) was performed on the response latency means
with participants (F'1) and items (F2) as random factors and context type and SOA
as within-participant and within-item variables. A significant effect of SOA was
observed, F1 (3, 81) = 8.34, MS, = 90,920, p < .001, n} = 0.98; F2 (3, 60) =
87.82, MS, = 62,846, p < .001, n% = 1.00. The main effect of context type was
also significant, F'1 (3, 81) =20.44, MS, = 21,502, p < .001, n% =1.00; F2 (3, 60)
= 14.13, MS, = 16,775, p < .001, n% = 1.00. The interaction between SOA and
context type was significant, F'1 (9,243) =3.97, MS, = 3,587, p < .001, n% =0.98;
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Table 2. Mean naming latencies, mean error percentages, and context effects (ms)
for the various context words of Experiment 1

SOAs (ms)

-100 0 100 200

RT Error RT Error RT Error RT Error
Ccw (ms) (%) (ms) (%) (ms) (%) (ms) (%)

S 705 0.85 740 3.06 746 2.04 668 1.70
(6] 684 1.36 702 1.36 710 1.19 665 1.02
P 680 1.36 693 1.02 709 1.70 667 1.19
U 689 1.70 726 1.19 737 1.19 667 1.02

S effect -16* —14* -9 -1

O effect +5 +-24%% +-27%% +2

P effect +9 +33%* +-28%%* 0

Note: The asterisks represent the latency of picture naming in the S related, O related,
or P related condition being significantly different from the U condition. SOA, Stimulus
onset asynchrony; CW, context words; RT, reaction time; S, semantically related; O,
orthographically related; P, phonologically related; U, unrelated; 4, a facilitation effect;
—, an inhibition effect, compared to the unrelated condition.

*p < .05. **p < .01.

F2(9,180)=3.47,MS, =2,55,p < .01, nf, = 0.96. Newman—Keuls comparisons
were used to compare the unrelated condition with all other conditions from an
SOA of —100 to 100 ms. The results yielded an effect of semantic inhibition from
—100 ms to 0 ms (all ps < .05), orthographic facilitation from 0 ms to 100 ms (all
ps < .05), and phonological facilitation from 0 ms to 100 ms (all ps < .05).

A similar analysis was performed for error percentages. The effects of SOA,
context type, and the interaction between the two variables were not significant
(all F1s < 2.05, all ps = .11; all F2s < 1.68, all ps = .14).

Discussion

The results of Experiment 1 are as follows: at —100- and 0-ms SOA, a substantial
semantic interference effect was obtained, indicating that the semantic relationship
between context words and target words was sufficiently strong to elicit such an
effect. However, at 100- and 200-ms SOA, an identical semantic relationship
between context and target words had no effect. The semantic interference effect
only spanned a small range, from SOAs of —100 to 0 ms.

The orthographic facilitation and the phonologic facilitation spanned a small
SOA range from 0 to 100 ms, indicating that the context effects at the lexical level
dissipate rapidly over time. Similar sizes and patterns of the orthographic facilita-
tion and the phonological facilitation were obtained in Experiment 1. The semantic
interference effect in the PWI resides at the lexical-semantic level, whereas the
phonological (or orthographic) effect resides at the lexical-phonological level.
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In the framework of the CSM, Bloem and La Heij distinguished two differ-
ent information-processing levels: conceptual and lexical. The latter includes the
lexical-semantic and lexical-phonological levels. The semantic interference effect
and the phonological (or orthographic) effect reside at the lexical level but may
affect different stages (lexical selection and phonological encoding) of language
production. In brief, both the interference effect of a semantic distractor and the
facilitatory effect of orthographic and phonological distractors were short-lived
within a span of approximately 100 ms, which is in line with the assumption of
the CSM that lexical representations exhibit rapid decay.

EXPERIMENT 2

In Experiment 2, we used SOAs of —1000 to —400 ms, in steps of 200 ms, to
examine whether semantic facilitation effects could be observed using a PWI task.
An SOA of 0 ms was included to confirm the predicated polarity reversal when
comparing the effects between larger negative SOAs and (close-to) zero SOAs.
We expected that the semantic facilitation effects would be obtained at SOAs of
from —1000 to —400 ms, whereas the semantic interference effect would only be
obtained at an SOA of 0 ms.

Methods

Participants. Thirty students (age range = 20-25 years, average age = 22.2
years, SD = 1.80 years) from the same student pool participated in the experiment
and were paid approximately $2.50. None of them participated in Experiment 1.

Materials. The same materials were used as in Experiment 1.

Design. The experimental design included context type and SOA (-1000, —800,
—600, —400, and 0 ms) as within-participant and within-item variables.

Apparatus and procedure. These were identical to those in Experiment 1.

Results

The same three data exclusion criteria as in Experiment 1 were applied, removing
1.24%, 0.16%, and 1.39% of the data. The remaining data were used to calculate
means. Table 3 presents the mean latencies and error percentages, presented by
context type and SOA.

Repeated measures ANOVAs were performed on the response latency means
computed by participants (1) and by items (F2), with context type and SOA as
within-participant and within-item variables. A significant SOA condition effect
was observed, F1 (4, 116) = 6.98, MS, = 56,646, p < .001, nf, =0.97; F2 (4,
80) = 49.72, MS, = 48,910, p < .001, n% = 1.00. The main effect of context
type was significant by subjects, F1 (3, 87) = 4.04, MS, = 4,539, p < .05, nf,
= 0.71, but not by items, F2 (3, 60) = 2.66, MS, = 3,062, p = .07, nf, = (.55.
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Table 3. Mean naming latencies, mean error percentages, and context effects (ms)
for the various context words of Experiment 2

SOAs (ms)

—-1000 -800 —600 —400 0

RT Error RT Error RT Error RT  Error RT Error
CW  (ms) (%) (@ms) (%) (@ms) (%) (@ms) (%) (ms) (%)

S 647 079 639 143 632 127 637 143 714 2.86
(6] 666 095 656 1.75 649 159 647 0.79 680 1.90
P 667 095 653 1.11 650 0.63 649 222 667 1.43
U 668 048 656 063 648 079 652 1.11 698 0.63

S effect +21% +17* +16* +15* -16*
O effect +2 0 -1 +5 48
Peffect +1 +3 -2 43 3]

Note: The asterisks represent the latency of picture naming in the S related, O related,
or P related condition being significantly different from the U condition. SOA, Stimulus
onset asynchrony; CW, context words; RT, reaction time; S, semantically related; O,
orthographically related; P, phonologically related; U, unrelated; 4, a facilitation effect;
—, an inhibition effect, compared to the U condition.

*p < .05. **p < .01. ¥**p < .001.

The interaction between SOA and context type was significant, F1 (12, 348) =
7.74, MS, = 6,694, p < .001, n5 = 1.00; F2 (12, 240) = 6.12, MSE = 4,989,
p < .001, n% = 1.00. Newman—Keuls comparisons were used to compare the
unrelated condition with all other conditions at all SOA levels. The results revealed
a significant semantic facilitation effect at SOAs ranging from —1000 to —400 ms
(all ps < .05) and a semantic interference effect at 0-ms SOA (p < .05). There
was no significant orthographic or phonological facilitation effect at all negative
SOA levels; however, both orthographic facilitation (p < .05) and phonological
facilitation effects (p < .01) were significant at 0-ms SOA.

A similar analysis was performed on the error percentages. The main effect of
context type was significant, F1 (3, 87) = 4.81, MS, = 23.07, p < .01; F2 (3, 60)
=4.10, MS, = 14.93, p < .01. The effects of SOA and the interaction between the
two variables were not significant (all F1s < 1.77, all ps > .14; all F2s < 1.81, all
ps = .12).

Discussion

At 0-ms SOA, context words induced a semantic interference effect, a finding in
accordance with those of Experiment 1 and many earlier studies (e.g., Damian &
Martin, 1999; Zhang & Weekes, 2009). It is more important that, using the same
set of materials, the polarity of the effect was reversed when context words were
presented 400 to 1000 ms before target pictures.
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It is interesting that the magnitude of the semantic facilitation effect was similar
at all negative SOAs: 21, 17, 16, and 15 ms at SOAs of —1000, —800, —600, and
—400 ms, respectively. The results indicated that the semantic facilitation effect
spanned a wide SOA range from —1000 to —400 ms. In contrast, the semantic
interference effect spanned a narrow SOA window from —100 ms (Experiment 1)
to 0 ms. According to the CSM, semantic facilitation is localized at the conceptual
level with slow decay, and semantic interference is localized at the lexical level
with rapid decay. The CSM can therefore provide a reasonable interpretation of
the comparison of the SOA ranges spanned by semantic interference and semantic
facilitation.

Under the assumption of a high decay rate at the lexical level, the CSM predicts
that the context effects that are localized at the lexical level dissipate rapidly. The
lexical representation of a context word would substantially decay after 400 ms to
1000 ms at negative SOA conditions in this experiment, and thus no orthographic
or phonological facilitation would be obtained. This was what we found in Exper-
iment 2: the orthographic facilitation effect and the phonological facilitation effect
were obtained at 0-ms SOA, but they disappeared when orthographically related
or phonologically related context words were presented 400 to 1000 ms before
the targets. This finding provides evidence for the assumption that the lexical
representations decay rapidly.

EXPERIMENT 3

The design of Experiments 1 and 2 did not match certain other properties of context
words. For example, the words differed in syntactic word class. It is conceivable
that less interference is obtained when the target and context words do not belong
to the same word class (see Mahon et al., 2007; Melinger & Koenig, 2007; Pech-
mann, Garrett, & Zerbst, 2004). Lupker (1979) also proposed that the imageability
of context words affects performance in the PWI task. The conventional approach
to avoiding confounding factors is to use the same set of context words in the
related and unrelated conditions and to form unrelated words by recombining
the target picture and the semantic context words. However, the large number of
repetitions of the materials and very large SOA values (i.e., —1000 ms) may make
participants conscious of the relationship between distractors and targets in Exper-
iment 2. To avoid these problems, only two SOAs (—400 and 0 ms) were used in
Experiment 3.

Methods

Participants. Sixteen students (age range = 20-25 years, mean age = 21.9 years,
SD = 1.82 years) at Beijing Forestry University and China Agricultural University
participated and were paid approximately $2.50. All were native Mandarin Chinese
speakers and had normal or corrected-to-normal vision. None of them participated
in Experiments 1 or 2.

Materials. Forty-two black-and-white line drawings were selected from Zhang
and Yang’s (2003) picture database, all of which bore disyllabic names, with an
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Table 4. Mean naming latencies, mean error percentages, and
semantic context effects (ms) of Experiment 3

SOAs (ms)
-400 0
RT Error RT Error
Ccw (ms) (%) (ms) (%)
Semantically related 721 4.46 797 4.46
Semantically unrelated 736 3.87 780 5.50
Semantic effect +15% -17*

Note: SOA, Stimulus onset asynchrony; CW, context words; RT, reac-
tion time; +, a facilitation effect; —, an inhibition effect, compared to
the unrelated conditions.

average lexical frequency of 37.65 per million (Chinese Linguistic Data Consor-
tium, 2003) and an average stroke number of 15.38. Target pictures and context
words are basic-level concepts selected from 14 semantic categories: musical in-
struments, fruit, tools, clothing, furniture, vehicles, birds, vegetables, weapons,
toys, body parts, jewelry, stationery, and mammals. Each target picture was
matched with a semantically related context word (basic level) and unrelated
words. Context words in the semantically related condition were then recombined
with the picture names to form unrelated conditions. Semantic or associative re-
lationships between picture names and context words were avoided in unrelated
combinations. A complete list of target pictures and context words is provided in
Appendix B.

Design. The experimental design included relatedness (semantically related vs.
semantically unrelated) and SOA (—400 and 0 ms) as within-participant and within-
item factors. For each participant, each picture was displayed under each relat-
edness and SOA condition, resulting in 168 combinations. Trials were blocked
by SOA, and the order in which participants received the SOA blocks was varied
according to a Latin square design. A new pseudorandom sequence was generated
for each participant and each block, with the constraint that neither targets nor
context words were repeated in consecutive trials.

Apparatus and procedure. These were identical to those in Experiment 1.

Results

The same three data exclusion criteria as in Experiment 1 were applied, remov-
ing 4.58%, 0.11%, and 2.72% of the data. The remaining data were used in
the subsequent statistical analysis. Table 4 presents the mean latencies and error
percentages, presented by relatedness and SOA.
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ANOVAs were conducted on the response latency means, with participants (F'1)
or items (F2) as random factors and relatedness and SOA as within-participant
and within-item variables. A significant effect of SOA was observed, F1 (1, 15)
= 29.81, MS, = 58,443, p < .0001, n3 = 1.00; F2 (1, 41) = 154.06, MS, =
164,062, p < .0001, n% = 1.00. The effect of relatedness was not significant in
the participant and item analyses (both Fs < 0.20, ps > .66). It is critical that the
interaction between relatedness and SOA was significant, F'1 (1, 15) = 10.52, MS,
= 3,844, p < .01, n3 = 0.86; F2 (1, 41) = 8.96, MS, = 10,309, p < .01, 3 =
0.83. Planned comparison indicated a significant difference between semantically
related and unrelated items at SOA = —400 ms, 71 (15) =-2.91,p < .05; 12 (41) =
-2.52,p < .05, and SOA =0 ms, 71 (15) =2.95,p < .05; 12 (41) =2.58, p < .05.

A similar analysis was conducted on the error percentage mean. No effect was
significant (F2s < 1.33, ps = .27; F2s < 1.47, ps = .23).

Discussion

In the 0-ms SOA condition, semantic context words induced semantic interference,
a finding that is in line with Experiments 1 and 2 and other similar studies in
Chinese. The most important point is, using the identical set of stimuli, we observed
a semantic facilitation effect when the semantic context words were presented
400 ms before target words. After excluding potential confounding factors (i.e.,
different word class or different imageability), the manipulation of SOA induced
a full reversal from semantic interference to semantic facilitation, and this pattern
is in accordance with the observations in Bloem et al.’s (2004) study using a
word-translation task.

GENERAL DISCUSSION

Using a PWI task, we manipulated a wide range of SOAs to better understand the
polarity shift of semantic context effects in speech production. Experiments 1 and
2 used identical sets of materials but varied with respect to SOAs: Experiment
1 used —100 to 200 ms (in 100-ms steps), whereas Experiment 2 used —1000 to
—400 ms (in 200-ms steps, with SOA = 0 ms in Experiment 2). Experiment 3 used
the same set of materials in the semantically related and unrelated conditions to
exclude possible confounding variables (i.e., different word classes or different
context words imageability). Context words induced semantic interference in the
SOAs close to zero condition, whereas a semantic facilitation effect was observed
at larger negative SOA values in the present study. The findings reveal an important
phenomenon: namely, the manipulation of SOAs transforms a reliable semantic
interference effect into a reliable semantic facilitation effect in the PWI task. The
shift in the polarity of the semantic context effect is a function of the onset interval
between context words and targets. In the discussion sections of Experiments 1 to
3, we argue that the present data could best be accounted for by the CSM.

Explaining semantic facilitation and interference in the CSM

The CSM assumes two additional modifications to account for the semantic
facilitation effect we obtained at larger negative SOA values: only conceptual
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representations exceeding the threshold spread activation for their corresponding
lexical representations, and the decay of activation of lexical representations must
be faster than the decay of conceptual representations. When these two modifica-
tions are combined and a context word is presented 400 ms before the target picture
in the PWI task, the activation of lexical representation has almost completely de-
cayed by the time that the target is presented as a high decay rate of lexical
representation, while persistent activation of conceptual representation remained
strong. Therefore, we observed a semantic facilitation effect at SOAs ranging from
—1000 to —400 ms. It is interesting that the size of the semantic facilitation effect
induced by context words at —400-ms SOA is very similar to those induced at
other relatively longer SOAs (—1000, —800, and —600 ms). Although the effect at
very long SOAs should be interpreted with caution, it is in line with the notion that
the effects induced by context words at these SOAs have the same origin as the
one at —400-ms SOA. We therefore suggest that the semantic facilitation effects
arise at the conceptual level. The comparable effect at negative SOAs ranging from
—1000 to —400 ms indicates that the decay of conceptual representation is slow and
thus induces a facilitation effect even after context words have been presented for
1000 ms. By contrast, when context words are presented simultaneously with or
100 ms before target pictures, the activation of the lexical representation of context
words remains strong, whereas the activation of the conceptual representation of
context words is weak due to the lack of sufficient time to spread activation from
the lexical level to the conceptual level; thus, a semantic interference effect is
induced. We conclude that the semantic facilitation effect arises at the conceptual
level, whereas the semantic interference effect arises at the lexical level.

The CSM assumes that the decay of lexical representations is faster than the
decay of conceptual representations. We also tested this assumption by compar-
ing the SOA ranges of the semantic interference effect and the semantic facilita-
tion effect. We observed a narrow SOA range for the semantic interference effect
(100 to 0 ms) and a wide SOA range for the semantic facilitation effect (—1000 to
—400 ms). According to the CSM, when a word is preexposed by 400 to 1000
ms, its lexical representation is nearly completely decayed, while its conceptual
presentation would be activated by the time the target is presented, which ac-
counts for significant semantic facilitation effects at SOAs ranging from —1000 to
—400 ms. By contrast, when a word is preexposed by 100 ms or is presented si-
multaneously with the target picture, its lexical representation remains activated,
which accounts for the semantic interference effect at those SOAs. Our findings
clearly indicated that a word’s conceptual activation can persist for longer than its
lexical activation.

The CSM assumes that conceptual activation decays slowly. One may argue that
this would predict a decrease in the semantic facilitation effect over time. The se-
mantic facilitation effects were comparable for SOAs ranging from —1000 to —400
ms. The CSM did not explicitly indicate how long the semantic facilitation effect
would persist. Studies have demonstrated that activation at the conceptual level
can persist for a few seconds (Becker, Moscovitch, Behrmann, & Joordens, 1997,
Roediger, 1990; Roediger & McDermott, 1993). For example, Roediger (1990)
and Roediger and McDermott (1993) noted that priming on conceptually driven
tasks is a long-term effect. Becker et al. (1997) demonstrated that the semantic
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priming effect persists over many intervening items and lasts substantially longer
than a few seconds. Because of the long persistence of conceptual activation, we
therefore suggest that conceptual activation can persist for a few seconds and can
span a relatively wide SOA range.

We tested the assumption of the CSM that lexical representations exhibit rapid
decay using orthographically or phonologically related context words in a PWI
task. For this purpose, it is important to determine the locus of the orthographic
effect and the phonological effect in the present study. In the PWI task with or-
thographically or phonologically related distractor words, Zhang and colleagues
found that the orthographic facilitation effect is typically larger than the phono-
logical facilitation effect, and the former is observed at negative SOAs such as
—100 or —150 ms, whereas the latter is not. Studies have also reported that both
effects arise simultaneously at SOAs of 0 and 100 ms (or 150 ms) at a later stage of
language production. Thus, it has been suggested that the orthographic facilitation
effect at a —100- or —150-ms SOA is localized at an earlier processing level than
the phonological facilitation effect in speech production (Bi, Xu, & Caramazza,
2009; Zhang, Chen, Weekes, & Yang, 2009; Zhang & Weekes, 2009), whereas the
orthographic facilitation effect at SOAs of 0 ms and 100 ms (or 150 ms) have the
same locus as the phonological facilitation effect (Zhang et al., 2009; Zhang &
Weekes, 2009). By contrast, Zhao, La Heij, and Schiller (2012) did not find that
the orthographic facilitation effect arose earlier than the phonological facilitation
effect. In other words, they obtained similar time courses and magnitudes of the
two effects at a 0-ms SOA. Zhao et al. therefore suggested that orthographic facil-
itation and phonological facilitation are localized at the same stage. They further
investigated the locus of the orthographic facilitation effect using a categorization
task, and no orthographic effect was obtained. Zhao et al.’s findings clearly in-
dicate that the orthographic facilitation effect in Chinese picture naming is most
likely localized at the lexical level rather than at the conceptual level.

Similar to Zhao et al.’s findings, similar time courses and magnitudes of the
orthographic facilitation and phonological facilitation effects were obtained in
the present study. We therefore suggest that the two effects that we obtained
are likely localized at the word-form encoding stage (see Zhao et al., 2012). In
Experiments 1 and 2, we found that the orthographic facilitation effect and the
phonological facilitation effect at 0- and 100-ms SOA were completely eliminated
when identical context words were presented at negative SOAs, in contrast with
previous findings (Meyer & Schriefers, 1991; Schriefers et al., 1990). This data
pattern accords with the results of Bloem et al. (2004), who found a substantial
phonological facilitation effect at a 200-ms SOA but no effect at a -400-ms SOA
in a word-translation task. We suggest that the lexical representation’s activation
of a context word was substantially decayed when the targets were presented,
which is in line with the assumption of the CSM. Our findings therefore extended
the CSM to a monolingual context in a PWI task.

Concerning the potential conscious strategy, we do not believe it plays a role in
the present study. On the one hand, participants cannot anticipate the relationship
between context words and targets, as because different conditions (semantically
related, phonologically related, orthographically related, and unrelated) were ran-
domly presented in the experiments. This is a typical method used in PWI tasks
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(Damian & Martin, 1999; Glaser & Glaser, 1989; Starreveld & La Heij, 1995,
1996). On the other hand, if conscious strategies had been employed, we would
expect a larger semantic facilitation effect at longer negative SOAs than at shorter
negative ones if participants were aware of the relationship between distractor
words and targets in the CSM framework. This was clearly not what we observed
in Experiment 2. Therefore, we suggest that the participants were not conscious
of the relationship between distractor words and target names in the present study.

When the distractor remains on the screen, its conceptual and lexical represen-
tations may continue receiving input activity. In other words, the conceptual and
lexical representations of distractor words would be activated and persist for a
longer time at long negative SOAs than at short negative SOAs. In the PWI task,
participants were asked to name pictures and ignore distractor words. The pro-
cessing of distractor words is mandatory and automatic in a Stroop-like task. The
maximum activation of conceptual and lexical representation of distractors should
be similar at all negative SOAs. When target pictures are presented, participants
must name the picture and ignore the distractors, and the decay of conceptual and
lexical representations begins from the introduction of the pictures. Therefore, we
observed a similar size of the semantic facilitation effect at negative SOAs ranging
from —1000 to —400 ms.

We outline our findings using the CSM framework in Figure 1, which depicts
a functional model of picture naming with a semantically related distractor word
in Chinese. In the network depicted in Figure 1, perceived targets activate their
conceptual representations, and then spread their activation to their lemmas at
the lexical level, while perceived words automatically activate not only lemmas
and word forms in the lexical network but also conceptual representations. It is
important that the CSM assumes that there are links between the conceptual and
lexical representations and that words activate their conceptual representations
to a greater extent than conceptual representations activate the corresponding
words (Bloem et al., 2004, p. 319). This assumption is in line with the more
general assumption that words activate their meanings automatically and rapidly,
whereas the retrieval of words from a conceptual representation is controlled and
relatively slow. Figure 1 depicts a link between target conceptual activation and
the conceptual representation of a distractor word (Route A). Through this link, the
activation of target concepts is enhanced in the semantically related condition but
not in the semantically unrelated condition. There is another link between lemma
retrieval and distractor word perception (Route B). Through this link, the lexical
activation of a distractor word is increased in the semantically related condition but
not in the semantically unrelated condition. Through these two links, the present
study elicited semantic facilitation and semantic interference effects.

Note that the CSM cannot account for a number of important findings in the
literature. For example, the CSM had difficulty in interpreting context effects that
are observed when the task is changed from basic-level naming in a speaker’s first
language to category-level naming in the first language or basic-level naming in
a second language (see also Bloem et al., 2004). Different tasks and the target—
distractor relationship between the word and the picture were used in these studies.
Clearly, these factors are important for generating semantic context effects in
different circumstances. Roelofs (2002) proposed that the purpose of a speaker
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Conceptual A Conceptual
identification | "| representation
F F
Target picture: #Ef A
/chui2zi/, hammer
L\ 4
Lemma retrieval B Distractor word: 7F
[—
and syntax 3 /fu3tou/, axe
v
Word-form
encoding
v
Articulation

Figure 1. A functional model of picture naming with a semantically distractor word in Chinese
based on the assumption of the conceptual selection model.

(or, more generally, the intention of communication) affects the processes involved
in lexical access. Understanding how different contexts and task instructions affect
the processes involved in lexical access is a major challenge for future research in
language production.

The CSM also had difficulty in interpreting the distractor frequency effect
(Dhooge & Hartsuiker, 2010, 2011; Miozzo & Caramazza, 2003), which means
that unrelated low-frequency distractor words interfere with target naming to a
greater extent than unrelated high-frequency distractor words. According to the
CSM, an unrelated distractor word does not bear any relationship with the target
name, and hence either a low-frequency or a high-frequency distractor word would
have a similar effect on picture naming.

Explaining semantic facilitation and semantic interference in the REH

Assuming that the REH holds and semantic effects in the PWI task reflect a post-
lexical “response buffer” stage, what are the implications of our current results?
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When participants are presented with a picture—word situation, context words have
a privileged relationship with the articulators in a way that pictures do not. Because
there is only one channel at the level of articulators in speech production, to name
pictures fluently, participants must exclude the representation of the context words
from the production system before the articulation of target words. Compared to
the unrelated context words, an interference effect is therefore obtained in the
related context words condition when SOAs are close to zero because semantic
context words are assumed to be more difficult to remove from the output buffer.

To explain the semantic facilitation effect in a masked priming task, Finkbeiner
and Caramazza (2006) included an extra assumption from the CSM. They as-
sumed that semantically related context words could prime target responses at
the conceptual level. When a context word is presented at larger negative SOA
values (from —400 to —1000 ms), the target representation at the conceptual level is
preactivated due to the semantic overlap between the target and context words, and
the activation of the target is a relevant response and is not necessary to exclude
from the production system. That is, the semantic facilitation effect depends on
the exact interplay of conceptual and postlexical properties (see also Dhooge &
Hartsuiker, 2010). However, the REH cannot predict the SOA ranges for semantic
facilitation and semantic interference covered in the PWI task.

The temporal pattern of semantic, orthographic, and phonological effects
in Chinese

One may question the different time courses of information (semantics, phonol-
ogy, and orthography) activation on specific SOAs. Zhang et al. (2009) observed
orthographic priming at SOAs of —150, 0, and +150 ms and phonological priming
at SOAs of 0 and +150 ms. Zhang and Weekes (2009) reported a semantic in-
terference effect at SOAs ranging from —300 to 0 ms, an orthographic facilitation
effect between —100 and 100 ms, and a phonological facilitation effect at 100 ms.
By contrast, Zhao et al. (2012) noted that the orthographic and phonological facil-
itation effects were of equal size and had very similar time courses. Therefore, it
is hard to determine whether a specific effect (i.e., the orthographic effect) would
arise at a specific SOA such as —150 ms. Whether this is the case depends on
factors such as the participants, materials, distractor types, and distractor modality
employed in the experiment.

We acknowledged that the semantic, phonological, or orthographic effects vary
across SOAs. However, the relative temporal pattern of these effects was similar
across studies in Chinese spoken language production. The main results were as
follows: “classic” semantic interference and phonological (or orthographic) facil-
itation effects were observed. In the present study, we did not employ a —150-ms
SOA but a —100-ms SOA instead. In Experiments 1 and 2, these effects gener-
ally appeared at SOAs that were shorter than would be expected from previous
research: semantic interference was found at —100- and 0-ms SOA, and phonolog-
ical (or orthographic) facilitation was obtained at 0- and 100-ms SOA. Thus, this
yielded a pattern of “early” SOA in which semantic interference emerged in the
absence of a phonological effect or an orthographic effect, followed by an SOA
in which all effects were present simultaneously, and finally an SOA in which
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distractor words were evidently presented too late (relative to target onset) to have
any effect on target naming. This pattern is roughly in accordance with what would
be expected from previous findings (e.g., Damian & Martin, 1999; Zhang et al.,
2009; Zhang & Weekes, 2009; Zhao et al., 2012).

Conclusion

In the PWI task in a monolingual Chinese context, we found that context words
induced semantic interference when they were presented in close temporal prox-
imity to the target and that they induced semantic facilitation when they were
presented at larger negative SOAs. At the empirical level, our data suggest that
manipulating the SOA can reverse the polarity of the semantic context effect.
Based on the aforementioned discussion, we conclude that the CSM provides the
most straightforward means of accounting for the reported polarity shift and the
different SOA ranges covered by the semantic interference effect and the semantic
facilitation effect in the present study. The data reported in this article thus provide
evidence for the CSM as a competitive model in the PWI task.
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APPENDIX A

Target names and context words used in Experiments 1 and 2

Context Words
Target Semantically Orthographically Phonologically
Names Related Related Related Unrelated

ki) Eh SRl W (35
(/ya2shual/, (/mao2jinl/, (/ledqué/, fun) (/yadzhoul/, Asia) (/chuan2zhenl/,

toothbrush) towel fax)
gl P& [ UL (EE2)
(NNadzhu2/, (/huo3chai2/, (/cudsuanl/, (/la3ba5/, trumpet) (/xindfengl/,

candle) match) acetic acid) envelope)
"o YR HE B33 B
(/beidxinl/, (/duan3ku4/, (/ken3ding4/, (/bei3ji2/, the North pole) (/xing1zuo4/,

waistcoat) short pants) affirmation) constellation)
LTS iz 4 O #H
(/jiu3beil/, (/hualping?2/, (/xilshengl/, sacrifice) (/jiudxing1/, savior) (/maidtian2/,

wineglass) vase) cornfield)
EA (KT T B3 ¥
(/mao2yil/, (/chendshanl/, (/shou3zhang3/, palm) (/mao4sheng4/, exuberance) (/tilzi5/, ladder)

sweat shirt)
¥ 73k MR K e
(/chui2zi5/, (/fu3tou2/, (tuodyed/, saliva) (/chuilyanl/, (/fen3bi3/, chalk)

hammer axe) smoke from kitchen chimneys)
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APPENDIX A (cont.)
Context Words
Target Semantically Orthographically Phonologically
Names Related Related Related Unrelated
/S N EIF X S
(/yudmi3/, (/xiao3maid/, (/wang2fu3/, (/yu3wen?2/, Chinese) (/gaolzhongl/,
corn) wheat) a prince’s residence) high school)
BT = Yo EFS Bk
(/tudzi5/, (/shanlyang?2/, (/mian3yi4/, (/tu2biao3/, chart) (/mo4shui3/, ink)
rabbit) goat) immunity)
i HhE 555 JRIG JEEAS
(/ma3jia3/, (/waidtaod/, (/wulyal/, crow) (/ma2fan5/, trouble) (/zuodweid/, seat)
vest) coat)
T£ Bl BB s Y
(shou3tao4/, (/wei2jinl/, (/mao2tan3/, blanket) (/shoulshi5/, tidy up) (/kanlwud/,
glove) scarf) publication)
B #er 87 SER FEZY
(/liang2xie2/, (/xuelzi5/, (/jinglya4/, surprise) (/liang4dian3/, highlight) (/zhadyaod/,
sandal) boots) dynamite)
MR I U= PR 1A 737
(/yan3jing5/, (/zui3chun2/, (/genlzongl/, track) (/yanlcongl/, chimney) (/ci2chang3/,
eye) lips) magnetic field)
AR F¥ SRR AEIE Jik
(/ping2guo3/, (/ju2zis/, (/cai4danl/, menu) (/pinglpangl/, ping-pong) (/lv3dian4/, hotel)
apple) orange)
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g

(/wulguil/,
turtle)

S

(/bai2caid/,
cabbage)

HER

(/didqiu2/,
Earth)

F#*

(/shou3biao3/,
watch)

LTS

(/wolniu2/,
snail)

(/shalfal/,
couch)

KFH

(/taidyang?2/,
sun)

AP S

(/kailguanl/,
light switch)

(/lao3shu3/,
mouse)
b
(/luo2bo5/,
turnip)
R
(/jinlxing1/,
Mars)
]
(/nao4zhongl/,
clock)
Pilk s
(/cidwei5/,
hedgehog)
BT
(lyi3zi5/,
chair)
H5E
(/yuedliang5/,
moon)
Eiin
(/cha 1zuo4/,
plug)

G
(/ma3lu4/, road)

SEE

(/zidxin4/,
self-confidence)

bk

(/chi2tang?2/, pond)

B

(/mao2bing4/,
shortcoming)

B

(/guollu2/, boiler)

B

(/chaolpiao4/,
bank paper)

K

(/dad4men?/, gate)

Ik

(/jing3shui3/,

the water from well)

HA
(/wu3shu4/, martial art)

iz
(/bai3she4/, furnishings)

[
(/di2junl/, enemy)

I 555

(/shoudruo4/, emaciation)

fipzE
(/wo4shi4/, bedroom)

I
(/sha3gual/, fool)

LB
=)
(/tai2jiel/, steps)

(/kai3gel/, triumphant songs)

iy Sl

(/xi2fud/,
daughter-in-law)

P %

(/tao2ci2/,
chinaware)

AR
(/shi2huil/, lime)

7=
(/zhadlan5/, fence)

AL
(Nli3pin3/, gift)

Ll
(/ka3pian4/, card)

3
(/pulked/,
playing card)
4y
(/sheng2zi5/, rope)
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APPENDIX B

Stimuli used in Experiment 3

1046

Categories Target Pictures Semantically Related Context Words
Musical T fib(/ji2tal, guitar) []*5 (/yuan2hao4/, tramphet)
instrument '%¢%%(/shu4qin2/, harp) K (/chang2di2/, flute)
#NZE(/gang1qin2/, piano) “H(/er4hu2/,
two-stringed Chinese fiddle)
Fruit SR (/ping2guo3/, apple) t&—F(/ju2zi/, orange)
¥ FE (/xiangljiaol/, banana) ¥4 (/ning2meng2/, lemon)
% % (/bo11uo2/, pineapple) PR (/xilgual/, watermelon)
Tool 753k (ffu3tou2/, axe) 1 F(/ban1shou3/, wrench)
35 J1(/jian3daol/, scissors) #F (/qian2zi/, plier)
#E-(/chui2zi/, hammer) gk (/diandzuand/, drill)
Clothing ¥ (/qun2zi/, dress) J& i (/jia2ked/, jacket)
¥ (/kudzi/, pants) 0> (/beidxin1/, waistcoat)
##2(/chendshan1/, shirt) FEA (/mao2yil/, sweater)
Furniture #F(/yi3zi/, chair) F528 (/shuljiad/, bookshelf)
Vb % (/shalfal/, sofa) FiF(/guidzi/, cabinet)
HF(/zhuolzi/, table) 2% JL(/cha 2jil/, teatable)
Vehicle “KHL(/feiljil/, airplane) E & (/xue3qiaol/, sled)
154 (/qidchel/, car) JEEFE(/mo2tuol/, motorcycle)
Kk %-(huo3chel/, train) LA (/fan1chuan2/, sailing boat)
Bird 8 F-(/yalzi/, duck) K4 (/ma2qued/, sparrow)
FL# (/kong3qued/, peacock) e (/yandzi/, swallow)
{>#8(/qi3e2/, penguin) KJfE(/dadyand/, wild migratory goose)
Vegetable Jifi ¥ (/qie2zi/, eggplants) + & (/tu3doud/, potato)
R (/qin2caid/, celery) 7% JIL(/huang2gual/, cucumber)
K (/yudmi3/, corn) HiA(/1adjiao1/, pepper)
Weapon YE#(/zha4dan4d/, bomb) 3H 77 (/tan3ke4/, tank)
KM (/dadpaod/, cannon) b 1 (/bidshou3/, daggar)
“FAHt(/shou3qiang1/, pistol) 5 i (/gongljiand/, bow and arrow)
Toy Fe 3R (/pi2qiu2/, ball) THA(/jilmud/, block)
K PBR(/qidqiu2/, balloon) PEE (/pinl1tu2/, puzzle)
kT (/qiulgian1/, swing) 1 B6(/hua2til/, slide)
Body part & H(/ge1bo/, arm) F#(/shou3zhang3/, palm)
AR 5 (/yan3jing1/, eye) £ F-(/bi2zi/, nose)
JB % (/jian1bang3/, shoulder)  MJ&(/zui3chun2/, lips)
Jewelry Tji4% (/xiang4liand/, necklace) 1T BA(/diao4zhuid/, pendant)
T8 (/jie4zhi3/, ring) H-¥,(/er3huan2/, earings)
F-Z&(/shou3biao3/, watch) Ma%t (/xiong1zhen1/, brooch)
Stationery H5% (/qian1bi3/, pencil) F541(/shulbaol/, school bag)
R F(/chi3zi/, ruler) P47 (/tu2ding1/, drawing pin)
¥ 2 (/xiangdpi2/, rubber) [ ¥ (/yuan2guil/, compasses)
Mammals % 2 (/lao3hu3/, tiger) figi£f1 (/jing 1yu2/, whale)

K% (/dadxiang4/, elephant)

I 5¢ (/luodtuol/, camel)

1] T (/he2ma3/, hippopotamus) %4 F-(/baodzi/, leopard)
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NOTES

1. The debate between competitive and noncompetitive models has been heated recently.
The debated focuses on developing explanations for the phenomena of the distractor
frequency effect and the color relatedness effect in a Stroop-like task in the REH
(Mahon, Garcea, & Navarrete, 2012; Mahon & Navarrete, 2014; Mulatti & Coltheart,
2012, 2014; Roelofs & Piai, 2013, in press). The present findings do not concern these
two effects, and hence we do not discuss them in the introductory section or General
Discussion.

2. There are several noncompetitive proposals in the literature (e.g., Dell, Schwartz,
Martin, Saffran, & Gagnon, 1997; Mahon et al., 2007; Rapp & Goldrick, 2000);
however, of these only the REH (Finkbeiner & Caramazza, 2006; Janssen, Schirm,
Mahon, & Caramazza, 2008; Mahon et al., 2007) was addressed in the current study.
We did so because other noncompetitive models are based on the data regarding the
speech errors of aphasic patients and unimpaired speakers. Furthermore, the REH is
explicitly proposed to account for reaction time patterns in the PWI task.
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