Abstract
Naming “CAT” in the Past Affects Naming “DOG” in the Present:
How and Where Semantic Facilitation and Interference Occur
by
Tao Wei
Our speech is affected by recent naming experience (i.e., what we have said
before). For example, after talking about your cat with friends, you may mistakenly say
“cat” when you intended to say “dog”. Although the influence of naming experience on
speech production has been known for a long time, it is unclear how naming experience
shapes the language system and thus affects future speech. Specifically, whereas some
studies find that naming semantically related pictures speeds up subsequent naming,
recent studies demonstrate that previously naming semantically related pictures slows
down future naming. Because these studies use various paradigms with different
materials and experimental parameters to investigate how past naming influences future
naming, it is difficult to explain how the same naming experience results in opposite
effects (i.e., facilitation and interference). The goal of this dissertation is to bridge the gap
between these contrasting results and determine how the language system is changed by
past naming experience. To accomplish this goal, I tested both semantic facilitation and
interference in naming within the same paradigm. In Experiment 1, by manipulating the
interval between two naming events, I established the opposite effects caused by
semantically related naming experience, suggesting that naming experience has two
temporally distinct effects on subsequent speech production, short-lived facilitation and
long-lasting interference. In Experiments 2 and 3, following previous methodology while

simultaneously addressing its limitations, I investigated the cognitive locus of semantic
facilitation and interference respectively. Results suggest a role of semantic processing in
both facilitation and interference. Lastly, to provide further and convergent evidence
about the locus (semantic vs. lexical) of semantic facilitation and interference in naming,
I used fMRI in Experiment 4 to explore the neural loci of these two effects in the same
picture naming experiment with one group of participants. The results suggest that
facilitation has a semantic locus, while interference has loci at both semantic and lexical
levels of processing. Together, these experiments systematically investigated the
mechanisms and loci of facilitation and interference caused by past naming experience
from both behavioral and neural perspectives. This work sheds light on the dynamic
nature of the language system providing insight into how our past experiences shape our
current cognitive processes/abilities.
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Chapter 1: Introduction
How quickly we process a stimulus depends on its relationship with other stimuli
recently or concurrently processed. For example, seeing a semantically related word (e.g.,
cat1) facilitates subsequent word reading (e.g., dog), as compared to an unrelated word
(e.g., vase; semantic priming, e.g., Meyer, Schvaneveldt, & Ruddy, 1975). In contrast,
naming a picture (e.g., DOG) is hampered by a simultaneously presented semantically
related (e.g., cat) vs. unrelated word (e.g., vase; picture-word interference, e.g., Rosinski,
Golinkoff, & Kukish, 1975). It has been well established that processing semantically
related words sometimes creates facilitation but at other times it induces interference on
target processing. The nature of this “semantic relatedness paradox” (Neumann, 1986, as
cited in Bloem & La Heij, 2003) has been examined to provide critical evidence for how
word retrieval proceeds during speech production (e.g., Bloem & La Heij, 2003; Bloem,
van den Boogaard, & La Heij, 2004; Hantsch, Jescheniak, & Schriefers, 2009; Mahon,
Costa, Peterson, Vargas, & Caramazza, 2007).
In this dissertation, I focused on another type of semantic relatedness paradox
caused by prior naming experience on current speech production. Previous studies
demonstrate that the speed with which we name a picture (e.g., DOG) changes depending
on whether a picture named in the past is from the same semantic category (e.g., CAT) or
not (e.g., VASE) (e.g., Belke, 2013; Biggs & Marmurek, 1990; Damian, Vigliocco, &
Levelt, 2001; Howard, Nickels, Coltheart, & Cole-Virtue, 2006; Huttenlocher &
Kubicek, 1983; Lupker, 1988; Schnur, Schwartz, Brecher, & Hodgson, 2006; Sperber,

1

Lowercase denotes a word stimulus (e.g., cat). Uppercase denotes a picture stimulus (e.g., CAT).
Lowercase with quotations denotes the lexical representation of a stimulus (e.g., “cat”). Uppercase with
quotations denotes the concept of a stimulus (e.g., Cat). Italics refer to the semantic features represented at
the semantic level (e.g., furry and meows).
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McCauley, Ragain, & Weil, 1979; Wheeldon & Monsell, 1994). Strikingly, early studies
of this semantic relatedness effect report that subsequent speech production is facilitated
by naming semantically related pictures in the past (i.e., semantic facilitation; e.g., Biggs
& Marmurek, 1990; Huttenlocher & Kubicek, 1983; Lupker, 1988; Sperber et al., 1979),
while recent studies demonstrate that future speech production is hampered by
semantically related naming experience (i.e., semantic interference; e.g., Belke, 2013;
Damian et al., 2001; Howard et al., 2006; Schnur et al., 2006; Wheeldon & Monsell,
1994). Because these opposite effects are reported using various paradigms with different
materials and experimental parameters, it is unclear how the same naming experience
creates the semantic relatedness paradox in speech production.
In this chapter, first I outline the framework of speech production. Then I review
empirical evidence regarding how semantic facilitation and interference occur during
speech production. I end this chapter with an overview of this dissertation.
1.1. Overview of Speech Production
Speech production is typically investigated through picture naming, which
involves several cognitive stages (e.g., Caramazza, 1997; Dell, 1986; Humphreys, Price,
& Riddoch, 1999; Levelt, Roelofs, & Meyer, 1999). In order to produce the name of a
picture (e.g., DOG), we first perceive the physical properties associated with the picture
(i.e., visual input processing, e.g., shape, color, texture, etc.; Humphreys et al., 1999) and
then identify the message we wish to convey by accessing its semantic information (e.g.,
It is an animal, has four legs, can bark, etc.; Riddoch & Humphreys, 1987). Activating
the physical properties and semantic information corresponding to the picture also
partially activates semantically related concepts (e.g., “CAT”), as the visual and semantic
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information belonging to the same semantic category overlaps to some extent (e.g., Forde
& Humphreys, 1997, 2007). Then activation at the semantic level passes down to the
lexical level, so not only is the lexical representation corresponding to the intended
message (i.e., “dog”) activated, but also lexical representations (e.g., “cat”) semantically
related with the intended message are activated to a lesser extent. In order to select the
intended word, the activation level of the word should either pass a threshold (e.g.,
Oppenheim et al., 2010) or exceed the activation of competitors by a critical amount
(e.g., Luce ratio choice rule; Luce, 1959; also see Levelt et al., 1999; Roelofs, 1992,
2003). Thereafter, we retrieve the phonological representation of the selected word and
articulate the name of the picture. In sum, producing a single word requires a number of
processing stages. The semantic relatedness paradox suggests that some of these stages
are sensitive to the semantic context created by past naming experience. Below I review
the semantic facilitation and interference effects reported in previous studies and
illustrate how they have been accounted for in the speech production system.
1.2. Semantic Facilitation in Speech Production
Studies before the 1990s consistently demonstrated that naming semantically
related pictures facilitates subsequent naming performance. For example, in a priming
naming paradigm, where two pictures are presented sequentially as a prime-target pair,
participants are faster to name the target picture (e.g., DOG) immediately after naming a
semantically related (e.g., CAT) vs. unrelated (e.g., VASE) prime picture (e.g., Biggs &
Marmurek, 1990; Huttenlocher & Kubicek, 1983; Lupker, 1988; Sperber et al., 1979).
Similar to the facilitation effects widely reported in priming studies with other tasks (read
aloud a word - word reading, e.g., Meyer et al., 1975; decide whether a stimulus is a real
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or pseudo word - lexical decision, Meyer & Schvaneveldt, 1971; and judged whether the
word referred to a concrete object - semantic decision, e.g., McRae & Boisvert, 1998; see
Neely, 1991 for review), the semantic facilitation effect in naming has been accounted for
by a spreading activation model of semantic memory (e.g., Huttenlocher & Kubicek,
1983; Lupker, 1988; Sperber et al., 1979).
According to the spreading activation model (e.g., Anderson, 1976, 1983; Collins
& Loftus, 1975; Collins & Quillian, 1969; Neely, 1977; Quillian, 1967), when a prime
stimulus (e.g., CAT) is named, activation spreads from the semantic representation (e.g.,
“CAT”) associated with the prime to other semantically related representations (e.g.,
“DOG”) via shared semantic features (e.g., fur, four legs, etc.). If a semantically related
target picture (e.g., DOG) is presented before the spreading activation from the prime
returns to baseline, participants will be faster to name it because they can more quickly
access the semantic representation (e.g., “DOG”) associated with the target picture due to
the residual activation caused by the semantically related vs. unrelated prime. This
account predicts that semantic facilitation is short-lived, given that residual activation is
subject to rapid decay (e.g., Anderson, 1976; Cohen & Dehaene, 1998; Collins & Loftus,
1975; Dell, 1988; Neely, 1977; Quillian, 1967). Previous studies show that semantic
facilitation in word reading is significantly reduced by one unrelated intervening trial
between the prime and target (e.g., Joordens & Besner, 1992) and it disappears with more
than one intervening trial in lexical decision (e.g., Bentin & Feldman, 1990; Ratcliff,
Hockley, & McKoon, 1985). These results are consistent with the spreading activation
account. However, to my knowledge no study has directly tested whether the facilitation
effect in picture naming is short-lived or long-lasting. Thus, it remains an open question
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whether or not semantic facilitation in naming can be accommodated within the residual
activation account.
1.3. Semantic Interference in Speech Production
Semantically related naming experience has also been demonstrated to interfere
with, rather than facilitate future naming performance. For example, in the continuous
picture naming paradigm, where pictures from multiple semantic categories (animals,
vehicles, fruit, etc.) are named sequentially (e.g., “…DOG …CAR …APPLE
…AIRPLANE …CAT …BANANA …RABBIT”), naming latencies increase as each
picture from the same category is named (i.e., ordinal position within category; e.g.,
Alario & del Prado Martín, 2010; Belke, 2013; Howard et al., 2006; Navarrete, Mahon, &
Caramazza, 2010; Schnur, 2014). This pattern of increasing naming latencies as a
function of ordinal position within category demonstrates that naming a semantically
related picture in the past interferes with the naming performance in the future. Another
paradigm that has been widely used to investigate semantic interference in naming is
semantic blocked naming, where participants name a series of pictures in two different
contexts (e.g., Damian et al., 2001; Kroll & Stewart, 1994). In the related context,
pictures are grouped by the same semantic category (e.g., DOG, CAT, RABBIT), while
in the unrelated context, pictures come from different semantic categories (e.g., DOG,
CAR, APPLE). Participants spend more time naming pictures in the related vs. unrelated
context, demonstrating that naming performance is impeded by naming semantically
related pictures in the past (e.g., Belke, 2013; Damian et al., 2001; Damian & Als, 2005;
Schnur et al., 2006). Most surprisingly, in contrast to previously reported semantic
facilitation effects, semantic interference has also been reported when naming prime-
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target pairs. When participants named a target picture (e.g., SHARK) after producing a
word (e.g., “whale”) corresponding to a definition (e.g., The largest creature that swims
in the sea), Wheeldon and Monsell (1994) found that participants were slower to name a
picture after responding to a semantically related vs. unrelated definition, demonstrating
that producing semantically related words interfered with subsequent naming. Moreover,
Vitkovitch and colleagues (2001; 2006) replicated and extended the observation of
semantic interference using the similar prime-target picture naming paradigm as used in
the studies with semantic facilitation. Thus, it is evident that producing a semantically
related name in the past can slow down future naming in various paradigms.
The semantic interference effect has been attributed to connection weight changes
between semantic and lexical representations in the speech production system (Belke,
2013; Damian & Als, 2005; Howard et al., 2006; Navarrete et al., 2014; Oppenheim,
Dell, & Schwartz, 2010). Specifically, two speech production models implemented with
the mechanism of connection weight changes have been proposed to account for semantic
interference in naming. According to Howard and colleagues (2006), after activating the
lexical representation associated with a picture (e.g., CAT), the connections between its
semantic and lexical representations (i.e., lexical-semantic connections) are strengthened.
Because pictures from the same semantic category share some semantic information, a
semantically related picture (e.g., DOG) on a subsequent trial will activate its own lexical
representation while also erroneously priming the previously named picture’s lexical
representation (i.e., “cat”) via the strengthened connection. These lexical representations
of semantically related pictures may compete with each other for retrieval, thus resulting
in longer name latencies (Howard et al., 2006). According to Oppenheim and colleagues
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(2010), after naming a picture (e.g., CAT), while the lexical-semantic connections
associated with the picture are strengthened, the lexical-semantic connections associated
with other semantically related exemplars (e.g., “DOG”) are weakened. As a result, if the
current trial is a picture semantically related with a previous trial, the weakened
connections will result in reduced activation of its lexical representation and thus slow
naming latencies. Both models suggest that semantic interference in naming is due to
lexical-semantic connection weight changes, although they differ in how connection
weight changes actually happen in speech production. Unlike residual activation,
connection weight changes are thought to be insensitive to time (e.g., Damian & Als,
2005; Howard et al., 2006; Oppenheim et al., 2006). Thus, the interference effects due to
this mechanism should have a long-lasting characteristic. Consistent with this prediction,
the temporal persistence mechanism of semantic interference in naming has been
demonstrated across various paradigms. In the continuous naming paradigm, semantic
interference in terms of increasing response times across ordinal position is unaffected by
the number of unrelated intervening trials between two successive semantically related
exemplars (e.g., 2, 4, 6, or 8 trials, Howard et al., 2006; Navarrete et al., 2010; cf. Schnur,
2014). In semantic blocked and priming paradigms, longer response times in the related
vs. unrelated condition are not eliminated by two unrelated intervening trials (e.g., Belke,
2013; Damian & Als, 2005; Wheeldon & Monsell, 1994). The long longevity of semantic
interference in naming suggests that this effect is unlikely to be due to short-lived
spreading activation but it is readily to be explained by the lexical-semantic connection
weight changes in speech production.
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In sum, semantic facilitation and interference in naming are thought to occur at
different levels of processing (semantic vs. lexical) and arise due to different mechanisms
(short-lived residual activation vs. long-lasting connection weight changes). Because
these effects were reported and investigated separately in previous studies, it is unclear
whether this semantic relatedness paradox is due to the intrinsic nature of language
processing or experimental artifacts? If naming experience indeed has opposite effects on
future speech production, why has no study reported both facilitation and interference
effects in the same study? What kind of manipulation can change the polarity of semantic
relatedness effects in speech production from facilitation to interference?
1.4. Overview of the Dissertation
The goal of my dissertation was to reconcile previous contradictory results and
address the following two questions: 1) How does semantically related naming
experience influence future speech production? and 2) At which stage(s) during speech
production does such influence take place? To answer the first question, Chapter 2
presents two experiments (Experiments 1a and 1b) to show how a semantic relatedness
paradox occurred with the same materials in one experiment. The second question was
addressed in Chapters 3 to 5. Specifically, Chapters 3 (Experiment 2) and 4 (Experiment
3) examine the locus of semantic facilitation and interference respectively from a
behavioral perspective. To seek converging evidence about the loci of semantic
facilitation and interference in speech production, Chapter 5 presents an fMRI study
(Experiment 4) to further specify the cognitive loci of those effects by exploring their
neural loci. Chapter 6 concludes with discussions of the findings and implications of the
semantic relatedness paradox for speech production.
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Chapter 2: Short-lived Facilitation and Long-lasting Interference
2.1. Introduction
Numerous studies have examined how speech production is affected by the
semantic relationship between two naming events, but opposite effects have been found
(e.g., Belke, 2013; Biggs & Marmurek, 1990; Damian et al., 2001; Howard et al., 2006;
Huttenlocher & Kubicek, 1983; Lupker, 1988; Schnur et al., 2006; Sperber et al., 1979;
Wheeldon & Monsell, 1994). The aim of Experiment 1 is two-fold: first, to identify the
effects of semantically related naming experience on speech production, and second, to
explore how the same naming experience produces opposite effects on future speech
production. Using similar priming paradigms, in which semantic relatedness is
manipulated between two successively presented stimuli (i.e., prime and target), previous
studies either found facilitation (Biggs & Marmurek, 1990; Huttenlocher & Kubicek,
1983; Lupker, 1988; Sperber et al., 1979) or interference (Vitkovitch et al., 2001, 2006;
Wheeldon & Monsell, 1994). In order to uncover how the same naming experience can
create the semantic relatedness paradox in speech production, it is important to establish
both facilitation and interference effects using the same paradigm and materials to rule
out the possibility that the opposite effects in previous studies are due to different
paradigms or materials.
One possibility which may explain the contrasting effects of facilitation and
interference in the priming paradigm is that the same naming experience differentially
affects subsequent naming depending on the interval between two naming events. As
reviewed in Sections 1.2 and 1.3, semantic facilitation and interference are thought to
have different time courses: the facilitation effect is short-lived, while the interference
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effect is long-lasting (e.g., Damian & Als, 2005; Wheeldon & Monsell, 1994). Consistent
with this hypothesis, in the priming paradigm the time interval between the onsets of the
prime and target is shorter in studies demonstrating facilitation (< 2 sec., Biggs &
Marmurek, 1990; Huttenlocher & Kubicek, 1983; Lupker 1988; Sperber et al., 1979)
compared to the studies demonstrating interference (> 4 sec., Vitkovitch et al., 2001;
2006; Wheeldon & Monsell, 1994). Moreover, the interference effect becomes more
evident when the interval between the prime and target is prolonged by two unrelated
intervening trials (Vitkovitch et al., 2001; Wheeldon & Monsell, 1994). Thus, the
discrepancy between previous studies may be a result of the different time courses of
semantic facilitation and interference in naming.
Another difference between the priming studies reporting facilitation and
interference is whether the relationship between prime-target pairs is obvious to
participants. Semantic interference was found when all the pictures (prime and target)
were presented at a consistent rate (Vitkovitch et al., 2001; 2006; Wheeldon & Monsell,
1994), while semantic facilitation was observed, when the response-stimulus interval
(RSI) between the prime and target was much shorter (< 1sec.) than the RSI between the
target and next prime (3-10 sec.) (Biggs & Marmurek, 1990; Huttenlocher & Kubicek,
1983; Lupker 1988; Sperber et al., 1979). In the first case it may be more difficult for
participants to notice which two stimuli are grouped together, while in the second case
participants may be more likely to notice the prime-target pairs and realize that some
trials are semantically related. Thus, the second case may motivate participants to rely on
the semantic relationship to predict the target response, resulting in a facilitation effect.
Consistent with this prediction, Huttenlocher and Kubicek (1983) manipulated the
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probability of related pairs (87.5% vs. 12.5%) and found larger facilitation effect (175 ms
vs. 59 ms) in the high vs. low expectancy condition. However, why facilitation was still
observed in the low expectancy condition is unclear. What is clear, however, is that
expectation of a relationship between trial pairs impacts the degree of facilitation in
naming.
Experiment 1 tests whether facilitation and interference effects in naming are
caused by different time courses while reducing the influence of expectation. First, in
order to detect the short-lived facilitation effect, similar to studies demonstrating
semantic facilitation (e.g., Huttenlocher & Kubicek, 1983; Lupker, 1988; Sperber et al.,
1979), I presented the prime and target adjacently and the time interval between the onset
of the prime and the target was fixed to 2 sec. (lag0). Second, to directly test whether the
opposite effects caused by semantically related naming experience depend on different
time intervals between naming trials, I included a lag2 condition, where the prime and
target were separated by two unrelated intervening pictures (i.e., fillers). In this lag2
condition, the time interval between the onset of the prime and the target was 6 sec.,
which is similar to studies reporting semantic interference in the priming naming
paradigm (e.g., Wheeldon & Monsell, 1994). Third, to make the prime-target pairs less
obvious to participants, following Wheeldon and Monsell’s (1994) and Vitkovitch et al.’s
(2001, 2006) studies, I presented every picture (prime, target and filler) at a consistent
rate, where the interval between the onsets of any two consecutive pictures was 2 sec..
If the opposite effects of naming experience on speech production in previous
studies are due to either different intervals between naming occurrences or subjects being
aware of the grouping of the prime and target, I predict a significant interaction between
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the prime-target relationship (e.g., related vs. unrelated) and the manipulation of
intervening trials between the prime and target (lag0 vs. lag2 trials). However, I predict a
different pattern of simple effects depending on the specific hypothesis. Specifically, if
opposite effects of naming experience on speech production in previous studies are due to
different intervals between naming occurrences, I predict a facilitation effect when the
prime and target are presented adjacently to each other with a short time interval of 2 sec.
(lag0), and an interference effect when the prime and target are separated by two
intervening trials with a longer time interval of 6 sec. (lag2). Alternatively, if facilitation
in previous studies results from the obvious grouping of the prime and target, with the
consistent presentation rate in the current study I predict no facilitation in either lag0 or
lag2 condition, and based on previous studies with consistent presentation rate, I predict
significant interference in the lag2 condition and smaller interference (Wheeldon &
Monsell, 1994) or a null effect in the lag 0 condition (Vitkovitch et al., 2001).
I did Experiments 1a and 1b to test these hypotheses. In Experiment 1a, to
minimize the possible influence of repetition, I manipulated the lag condition betweensubject, so that no participant saw the same picture twice during the experiment (see
Section 2.2.1 Method for details). Experiment 1b was a replication of Experiment 1a with
within-subject manipulation of lag to test whether the opposite effects in different lag
conditions of Experiment 1a were due to the manipulation of interval between the prime
and target or individual differences between the lag0 and lag2 groups.
2.2. Experiment 1a
2.2.1. Method
Participants
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56 Rice University undergraduates participated in Experiment 1a. Data from five
participants were excluded: two due to experimenter error and three due to equipment
error, resulting in a total of 51 participants with a mean age (and range) of 19 years (1821). All were native English speakers with normal or corrected to normal vision.
Informed consent in accordance with Institutional Review Boards at Rice University was
obtained from each participant. They received course credit for their participation.
Materials and Design.
The stimuli were 320 color photographs from the Bank of Standardized Stimuli
(BOSS, Brodeur, Guerard, & Bouras, 2014) scaled to 300 x 300 pixels. The 320 pictures
consisted of 80 target, 80 prime and 160 filler pictures. I chose the target pictures from a
number of semantic categories (animals, musical instruments, vehicles, clothes,
household items, tools, fruits, and vegetables) and paired each target with a semantically
related prime from the same category to form the related prime-target pairs (the related
condition; see Appendix A for list of the related prime-target stimuli). Unrelated primetarget pairs were created by re-pairing the semantically related prime and target pictures,
so that the prime and target pictures from an unrelated pair were from different semantic
categories (the unrelated condition). Another group of 40 participants rated the degree of
semantic relation between the prime and target in the related and unrelated pairs on a 5point scale (1 = not related at all, 5 = very highly related). The related pairs (mean: 4.52;
range: 3.55 - 5.00) were rated as having a stronger semantic relationship than the
unrelated pairs (mean: 1.13, range: 1.00 - 1.40; t1(39) = 58.35, p < .001; t2(79) = 56.79, p
< .001).
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In order for participants not to repeatedly name the same pictures across the
related and unrelated conditions (to control for possible diminution of effects due to
repetition), I divided the 80 related prime-target pairs of pictures into two lists (list A and
list B) of 40 pairs each and created the unrelated prime-target pairs within a list. In this
way, half of the participants saw targets in list A with related primes and list B with
unrelated primes, while the other half of the participants saw the reverse. Thus, although
a participant did not name a target twice, across participants targets were named both
with the related and unrelated primes. I paired each target picture with an additional two
pictures (unrelated to the target and the target’s paired semantically related and unrelated
primes) to serve as fillers. The two unrelated fillers were interleaved between the prime
and target (i.e., prime, filler, filler, target) in the lag2 condition. In the lag0 condition, I
presented the two unrelated fillers before the prime-target pair (i.e., filler, filler, prime,
target) to reduce the possibility of participants detecting the occasional semantic
relationship between two sequential pictures. In this way, a semantically related or
unrelated trial consisted of a sequence of four stimuli (prime, target, and two fillers). 56
participants were equally assigned to either the lag0 or lag2 condition. Every participant
(in the lag0 or lag2 condition) named 80 trials consisting of four stimuli in each, 40 trials
from the related and 40 trials from the unrelated condition. I pseudorandomized the
presentation of the 80 trials of four stimuli so that no pictures with similar phonological
onsets were sequentially presented.
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Apparatus.
DMDX software (Forster & Forster, 2003) was used to run experiment and record
verbal responses. A microphone headset triggered a voice key to collect naming response
times (RTs) to the nearest millisecond (ms). An experimenter coded naming errors.
Procedure.
Prior to the experiment, participants were familiarized with the picture stimuli. In
this learning phase, each picture appeared centrally on the computer screen and
participants were instructed to name the picture. The experimenter corrected participants
when a wrong name or no response was provided. The picture stayed on the screen until
the experimenter pressed a key to present the next picture.
Immediately after the learning phase, the experimental phase began with a
practice of ten items. Practice items were presented in the same way as experimental
items. Each item began with a fixation point (+) in the center of the screen for 500 ms,
followed by a single picture. Participants were instructed to name the picture as quickly
and accurately as possible. The picture remained on the screen for 1000 ms and then a
500 ms blank screen. Thus, for each picture participants had 1500 ms to respond. The
experiment lasted approximately 20 minutes.
2.2.2. Results
For the statistical analyses of naming RTs, I used SPSS 20.0. I coded voice key
errors, microphone errors, incorrect responses, and omissions as errors, resulting in
4.75% of the data points removed from the RT analyses. Because analyzable errors
(incorrect responses and omissions) were low (2.5%), they were not subject to statistical
analysis. In order to test the effect of naming experience (related vs. unrelated) and time
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interval (lag0 vs. lag2) on naming RTs, I first conducted ANOVAs including subjects
(F1) and items (F2) as random factors, where relatedness (related and unrelated) was a
within-subject and within-item factor, and lag (lag0 and lag2) was a between-subject and
within-item factor. To test the a priori predictions about the effect of relatedness in each
lag condition, I conducted planned paired t-tests in lag0 and lag2 respectively, including
subjects (t1) and items (t2) as random factors, and relatedness as a fixed within-subject
and within-item factor.
Figure 2.1 (left) shows Experiment 1a mean naming latencies in different
conditions with 95% confidence intervals (CI). The ANOVAs revealed no main effect of
relatedness (F1(1,49) = 2.11, MSE = 757.56, p = .15; F2 < 1) nor lag (F1 < 1; F2(1,79) =
10.90, MSE = 3870.26, p = .001), but a significant interaction between relatedness and
lag (F1(1, 49) = 23.24, MSE = 757.56, p < .001; F2(1, 79) = 19.27, MSE = 3278.83, p <
.001), suggesting that semantically related naming experience (related vs. unrelated
prime) had different effects on naming targets, depending on the number of intervening
trials (0 vs. 2) between the prime and target. Specifically, in lag0, participants were faster
to name targets preceded by semantically related vs. unrelated primes (facilitation effect
= 34 ms, 95% CI: 20-49 ms; t1(22) = 4.83, p < .001; t2(79) = 3.00, p = .004). In contrast,
when the prime and target were separated by two unrelated intervening trials, participants
were slower to name targets after semantically related vs. unrelated primes (interference
effect = 18 ms, 95% CI: 2-35 ms; t1(27) = 2.30, p = .03; t2(79) = 2.13, p = .04).
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Figure 2.1 Mean response times for naming target pictures in different conditions in
Experiments 1a and 1b.The error bars represent 95% confidence intervals.

2.3. Experiment 1b
Before drawing conclusions based on the results of Experiment 1a, I conducted an
additional experiment to further confirm that the reversal from facilitation to interference
in Experiment 1a was indeed due to the manipulation of number of intervening trials, as
opposed to variability between different groups of participants in the lag0 and lag2
conditions. Thus, in Experiment 1b I manipulated the number of intervening trials (lag0
vs. lag2) as a within-subject instead of a between-subject variable.
2.3.1. Method
Participants.
28 undergraduate and graduate students from Beijing Normal University (BNU)
participated in Experiment1b as paid volunteers. The study was approved by the
Institutional Review Board of BNU. All participants provided written informed consent
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before participating in the study. All were native Mandarin Chinese speakers with normal
or corrected to normal vision. Age ranged from 18-25 years.
Materials and Design.
Experiment 1b was a 2 (relatedness) by 2 (lag) within-subject design.
Semantically related pairs are listed in Appendix B. Unrelated prime-target pairs were
created by re-pairing the semantically related prime and target pictures, so that the prime
and target pictures of an unrelated pair were from different semantic categories. In the
lag0 condition, the prime was immediately followed by the target (prime, target), while in
the lag2 condition, the prime and target were separated by two unrelated fillers (prime,
filler, filler, target). The stimuli consisted of 168 color photographs from BOSS (Brodeur
et al., 2014) and online sources scaled to 300 x 300 pixels. 56 pictures were targets, 56
were primes and 56 were fillers2. Each participant named all 168 pictures four times,
once in each of the four conditions (related/unrelated by lag0/lag2). Thus, each
participant completed a total of 672 trials. I divided the 672 trials into four blocks with
168 trials each, so that participants saw an equal number of trials from each condition but
did not see the same pictures twice within a block. The order of blocks was
counterbalanced across participants using a Latin square design.
Apparatus and Procedure.
Experiment 1b lasted 30 minutes with self-paced breaks between two blocks.
Experiment 1b was similar in all other respects to Experiment 1a.

2

Because Chinese participants were not familiar with some materials in Experiment 1a and the Chinese
names of some prime-target pairs in Experiment 1a were phonologically similar to each other, I changed
some stimuli from 1a to 1b. As a result, 30 of 56 targets in Experiment 1b overlapped with Experiment 1a.
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2.3.2. Results
Following the same criterion as Experiment 1a, 5.0% of the data points were
removed in the RT analyses. Because analyzable errors (incorrect responses and
omissions) were low (3.5%), they were not subject to statistical analysis. Figure 2.1
(right) shows Experiment 1b mean naming latencies and 95% CI across the relatedness
by lag conditions. I conducted ANOVAs including subjects and items as random factors
and relatedness (related vs. unrelated) and lag (lag0 vs. lag2) as within-subject and
within-item factors. There was no main effect of relatedness (F’s < 1), a significant main
effect of lag (F1(1,27) = 70.21, MSE = 142.38, p <.001; F2(1,55) = 23.47, MSE = 885.98,
p < .001) and a significant interaction between relatedness and lag (F1(1,27) = 14.66,
MSE = 203.96, p = .001; F2(1,55) = 9.63, MSE = 995.64, p =.003). Planned t-tests
revealed a marginally significant facilitation effect (effect = 9 ms, 95% CI: 1-17 ms)
when two semantically related vs. unrelated pictures were named adjacently (t1(27) =
2.23, p = .03; t2(55) = 1.71, p = .09), and a significant interference effect (effect = 12 ms,
95% CI: 4-20 ms) when semantically related vs. unrelated pictures were separated by two
unrelated pictures (t1(27) = 3.06, p = .005; t2(55) = 2.88, p = .006). In sum, Experiment
1b replicated and extended the main findings of Experiment 1a in a different group of
participants with a within-subject design, confirming that the reversal from semantic
facilitation to interference in Experiment 1a was due to the manipulation of interval
between two naming events, as opposed to some other difference inherent to the different
groups of participants who participated in the lag0 and lag2 conditions in Experiment 1a.
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2.4. Discussion
Experiment 1 had two aims. The first aim was to investigate the influence of
semantically related naming experience on future speech production by establishing both
facilitation and interference effects within the same experimental paradigm. The second
aim was to reconcile the opposite effects (i.e., facilitation and interference) in previous
studies (e.g., Biggs & Marmurek, 1990; Huttenlocher & Kubicek, 1983; Lupker, 1988;
Sperber et al., 1979; Vitkovitch et al., 2001; 2006; Wheeldon & Monsell, 1994).
Specifically, I tested two possibilities. First, I tested whether semantically related naming
experience has two temporally distinct effects on subsequent speech production processes
- short-lived facilitation and long-lasting interference, where the discrepancy in previous
studies could be due to different intervals between the prime and target. Alternatively, I
tested whether semantically related naming experience only interferes with future speech
production, where the facilitation effects in previous studies were caused by the obvious
grouping of the prime and target, which made participants more likely to notice the
semantic relationship and thus anticipate the following target. In order to tease apart these
two possibilities, first I presented each picture at a consistent rate to reduce the likelihood
of obvious groupings between prime-target pairs. As a result, the proportion of related
picture-picture pairs was around 13% in Experiment 1a and 9% in Experiment 1b.
Second, I manipulated the number of intervening trials (lag0 vs. lag2) to test how the
interval between semantically related pictures differentially affected subsequent naming
performance. I also replicated the results in a different group of subjects, manipulating
lag as a within-subject (Experiment 1b) vs. between-subject (Experiment 1a) variable.
The results of both Experiments1a and 1b showed that naming semantically related
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pictures in the past either facilitated or impeded future naming depending on the interval
between two naming occurrences. When the prime and target pictures were named
adjacently, the semantically related naming experience facilitated the subsequent naming,
replicating semantic facilitation reported in previous priming studies (Biggs &
Marmurek, 1990; Huttenlocher & Kubicek, 1983; Lupker, 1988; Sperber et al., 1979).
That I observed facilitation with a consistent presentation rate between stimuli suggests
that the facilitation effect in previous studies was not solely due to subjects being aware
of prime and target groupings. Second, when the prime and target pictures were separated
by two unrelated pictures, naming performance was hampered by semantically related
naming experience. This interference effect is consistent with semantic interference
found in various speech production paradigms (e.g., semantically blocked naming,
Damian et al., 2001; continuous naming, Howard et al., 2006; priming naming,
Vitkovitch et al., 2001). In sum, Experiment 1 established both semantic facilitation and
interference within the same paradigm, using the same materials, and across different
groups of subjects.
To my knowledge, I demonstrated for the first time that manipulating the number
of intervening trials between semantically related naming occurrences changes the effect
of naming experience from facilitation to interference. Although some previous studies
also manipulated the number of intervening trials (e.g., Damian & Als, 2005; Navarrete,
Del Prato, & Mahon, 2012; Wheeldon & Monsell, 1994; Vitkovitch et al., 2001), no
study found a reversal from facilitation to interference. For example, in a priming naming
paradigm when manipulating lag, Wheeldon and Monsell (1994) found significant
semantic interference in the lag2 condition and a smaller significant interference at the
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lag0 condition. Vitkovitch et al. (2001) found interference at lag 2 but no interference or
facilitation at lag0. Similarly, in the semantic blocked paradigm, smaller significant
semantic interference is found in the lag0 vs. lag 2 condition (e.g., Belke, 2013; Damian
& Als, 2005; Navarrete et al., 2012). Two different possibilities were proposed to account
for the smaller semantic interference in lag0 vs. lag2 condition. Wheeldon and Monsell
hypothesized that semantically related naming experience has two opposite effects on
subsequent naming: short-lived facilitation and long-lasting interference (see Damian &
Als, 2005 for similar discussion). According to this account, larger semantic interference
in the lag2 vs. lag 0 condition is due to a short-lived facilitation effect at lag 0, which
decays with intervening trials. In contrast, Vitkovitch and colleagues (2001) proposed a
short-lived inhibitory effect along with a long-lasting interference effect. They attributed
the null interference effect at lag0 to a short-lived inhibitory mechanism. Specifically,
after a picture is named, representations associated with it are temporally self-inhibited to
avoid erroneously repeating the name. Because items from the same semantic category
share some representations, an interference effect, if anything, is predicted when two
semantically related pictures are named sequentially. However, in Experiment 1, I
observed semantic facilitation in the lag0 condition, which is not predicted by the selfinhibition account (Vitkovitch et al., 2001). In addition, I found the reversal from
semantic facilitation to interference by adopting the same manipulation of the number of
intervening trials. Thus, this pattern of results directly supports the theory assuming that
semantically related naming experience has two effects with different time courses: a
short-lived facilitation and a long-lasting interference (Damian & Als, 2005; Wheeldon &
Monsell, 1994).
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Why did Experiment 1 demonstrate a reversal from facilitation to interference
with the manipulation of intervening trials but previous studies did not? First, compared
to Wheeldon and Monsell (1994) and Vitkovitch et al. (2001), I used a shorter interval of
the onset between the prime and target, which I hypothesize more likely captured the
short-lived facilitation effect. The longer intervals between the prime and target for the
lag 0 conditions in Wheeldon and Monsell (1994) and Vitkovitch et al. (2001) may
account for the absence of semantic facilitation in the lag0 condition in these studies.
Second, the lack of overall semantic facilitation in the semantic blocked naming
paradigm between the related and unrelated conditions (e.g., Damian et al., 2001; cf.
Navarrete et al., 2012) may be due to the experimental design. In the lag0 condition of
this paradigm, several semantically related pictures are presented successively in a block,
such as CAT, DOG, RABBIT, and MONKEY. Assuming that the facilitation effect is
due to temporary residual activation, it should not accumulate across trials. In contrast, if
the interference effect is long-lasting, it will build up across trials. In this way, the
interference effect is more likely to overwhelm the facilitation effect when the response
times are averaged across trials within a block and thus only interference is observed.
When two unrelated fillers are added between semantically related trials, the facilitation
effect is further reduced and a larger interference effect is observed. Taken together, I
conclude that the semantic relatedness paradox demonstrated in Experiment 1 is due to
short-lived facilitation and long-lasting interference, which are caused by the dynamic
change of the language system.

24
Chapter 3: The Locus of Semantic Facilitation: Evidence from Word-Picture Priming
3.1. Introduction
Naming a semantically related picture in the past (prime) facilitates subsequent
picture naming (target), as shown in the lag0 condition of Experiment 1 and previous
studies (Biggs & Marmurek, 1990; Huttenlocher & Kubicek, 1983; Lupker, 1988;
Sperber et al., 1979). In order to produce the name of a picture, it is necessary to activate
its visual input and semantic features (e.g., Forde & Humphreys, 1997, 2007). Because
semantically related pictures share similar representations at both visual input and
semantic levels, it is possible that those two levels of processing are primed by
semantically related naming experience and thus shorter naming latencies are observed
for a subsequent related vs. unrelated picture. As such, theoretically the semantic
facilitation effect in naming could occur at the visual input or semantic or both levels of
processing. The available evidence about the visual input vs. semantic locus of
facilitation in naming is mixed, and thus it is unclear at what stage of processing semantic
facilitation occurs.
In order to directly test the contribution of visual input and semantic levels of
processing to semantic facilitation in speech production, previous studies used a wordpicture priming paradigm, examining the facilitation effect when the task for the prime is
word reading instead of picture naming (Biggs & Marmurek, 1990; Lupker, 1988;
Sperber et al., 1979; Vitkovitch et al., 2006). The experimental logic was as follows. In
the word-picture priming paradigm, accessing the meaning associated with semantically
related words and pictures overlaps in the access to similar semantic information3 but

3

Although reading word does not necessarily require access to the semantic system (e.g., Coltheart, Rastle,
Perry, Langdon, & Ziegler, 2001), it can activate word’s semantic information automatically. For example,
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does not overlap in the access to input visual features, given the difference in modality
(word vs. picture). If semantic facilitation in naming only occurs at the visual input level,
no semantic facilitation is expected in word-picture priming. If semantic facilitation in
naming has a sole locus at the semantic level, reading a semantically related word prime
should have a similar facilitation effect on subsequent picture naming as naming a
semantically related picture prime. If semantic facilitation in naming occurs at both the
visual input and semantic levels, the facilitation effect should be reduced but not
eliminated by reading semantically related word primes (which creates facilitation only at
the semantic level), compared to naming a semantically related prime picture (which
creates facilitation at both the visual input and semantic levels). Thus, the word-picture
priming paradigm allows one to test whether visual input processing of pictures is
necessary for semantic facilitation in naming.
When comparing semantic facilitation in picture-picture vs. word-picture priming
paradigms, previous studies show mixed evidence for the locus of semantic facilitation in
speech production. Sperber and colleagues (1979) found that participants were faster to
name a picture after reading a semantically related vs. unrelated word, although the
facilitation effect was significantly smaller than when they named in the picture-picture
priming paradigm (13 ms vs. 31 ms). These results suggest that semantic facilitation in
naming arises from both visual input and semantic levels of processing. Using a similar
design, Biggs and Marmurek (1990) found a different pattern of interaction between
semantic relatedness and presentation modality: significant semantic facilitation in

naming a picture is slowed down when simultaneously reading a semantically related word (i.e., Stroop and
picture-word interference; e.g., Stroop, 1935; Rosinski et al., 1975), suggesting that the meaning associated
with a word is activated and affects naming performance even when the task does not require to process the
word.
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picture-picture priming (32 ms in Experiment 1 and 61 ms in Experiment 2), but no
significant effect in word-picture priming (0 ms in Experiment 1 and 11 ms in
Experiment 2), indicating that semantic facilitation in naming only has a visual input
locus. Because the number of targets used in Biggs and Marmurek’s study (16 targets in
Experiment 1 and 14 targets in Experiment 2) was much smaller than that in Sperber et
al.’s study (32 targets), the null facilitation effect may be due to a lack of power to detect
the facilitation effect. These two studies, although they diverge in terms of the
contribution of semantic processing to the facilitation effect in speech production, they
consistently suggest the contribution of visual input processing.
However, smaller semantic facilitation in word-picture vs. picture-picture priming
may be due to the difference in specificity of meaning between word and picture primes,
as noted by Lupker (1988, see Carr, McCauley, Sperber, & Parmelee, 1982 for a similar
argument). For example, the picture PIPE only refers to the smoking pipe, while the word
“pipe” may also refer to other meanings, like plumbing pipe. Thus, the activation by
words may be less restricted than pictures, which would result in less priming for a
particular related target in the word-picture vs. picture-picture priming paradigm. Using
materials with no difference in relation strength between word-picture and picture-picture
pairs, Lupker (1988) found equivalent facilitation in RT data for picture-picture priming
(68 ms) and word-picture priming (61 ms). The null effect of presentation modality (word
vs. picture prime) on semantic facilitation in RT data led Lupker to conclude a sole
semantic locus of semantic facilitation during speech production. However, error data in
this study suggested that participants may benefit more from the semantically related
picture vs. word primes. In picture-picture priming, participants made 8.6% fewer errors
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in the related vs. unrelated condition, while in word-picture priming, participants only
made 0.7% fewer errors in the related vs. unrelated condition. Because participants may
differ in their strategy, trading speed for accuracy, the manipulation of prime modality as
a between-subject variable may have obscured a significant interaction between the
magnitudes of facilitation in RT data in word-picture vs. picture-picture priming
paradigms. Given the mixed results, it is hard to conclude if reading a semantically
related word affects subsequent picture naming differently than naming a semantically
related picture does, and thus whether semantic facilitation is due to visual input
processing or semantic processing. As a result, it is important to reevaluate semantic
facilitation in word-picture priming and compare it with the facilitation effect in picturepicture priming, to provide evidence about the locus (visual input vs. semantic) of the
facilitation effect in speech production.
3.2. Experiment 2
In order to test the visual input vs. semantic locus of facilitation in naming,
Experiment 2 improved previous studies in the following ways to better assess the
semantic facilitation effect in the word-picture priming naming paradigm. First, to find
related stimuli pairs that did not differ on rated strength of relation between word-picture
and picture-picture primes, following the procedure and instructions described in Lupker
(1988), separate groups of participants rated the 80 related pairs in Experiment 1a for
their degree of relation strength, depending on whether the prime was a word or picture4.
4

Lupker (1988) argued that the inclusion of unrelated pairs would push the ratings for the related pairs to
the top of the rating scale, reducing the sensitivity to differences between picture-picture and word-picture
pairs. As a result, separate groups of participants only rated the relation strength of semantically related
picture-picture and word-picture pairs. To aid participants in using a 7cm- line rating scale, he instructed
participants that “if the stimulus pair was, for example HOT-COLD, they would probably want to place
their mark very near the right end of the line, whereas if, for example, the stimulus pair was CUPHANGER, they would probably want to place their mark somewhere near the left end of the line”.
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Specifically, one group of 61 participants rated the relation strength of picture-picture
pairs and another group of 57 participants rated the relation strength of word-picture
pairs. Participants were first asked to examine a prime (either a picture or a word). Then
they were asked to examine the target picture and were instructed to drag a slider handle
to indicate how likely this particular prime would be to make them think of this particular
target (very unlikely-very likely: 0-100). Based on these ratings, I selected 52
semantically related pairs with equal relation strength whether the prime was a word
(mean: 63.07; range: 45.61 - 83.37) or a picture (mean: 63.99; range: 42.95 - 87.90)
(t1<1; t2(51) = 1.31, p = .20). Second, I increased the number of stimuli in comparison to
Biggs and Marmurek (1990). In Experiment 2, I used these 52 pairs as materials, which
was more than three times the number of stimuli in Biggs and Marmurek (1990). By
increasing the number of stimuli, I increased the potential power to detect the effect of
word reading on picture naming. Third, I manipulated the type of prime (word vs.
picture) within participants to reduce variability across participants.
Experiment 2 generated specific predictions to test the locus of semantic
facilitation in naming. If semantic facilitation only occurs at the semantic level, I
predicted a main effect of relatedness independent of prime modality (word vs. picture),
and no interaction between relatedness and prime modality. By contrast, if semantic
facilitation only occurs at the visual input level, I predicted an interaction between
relatedness and prime modality: semantic facilitation should occur with picture primes
but not with word primes. If semantic facilitation occurs at both visual input and semantic
levels, I predicted a main effect of relatedness and an interaction between relatedness and
prime modality. Specifically, semantic facilitation should be observed in the picture-

29
picture and word-picture priming paradigms (a main effect of relatedness), but bigger
facilitation should occur in picture-picture priming than word-picture priming, because
target picture naming can be primed at both visual input and semantic levels by a picture
prime while it can only be primed at the semantic level by a word prime.
3.2.1. Method
Participants
24 undergraduate Rice University students participated in Experiment 2 with a
mean age (and range) of 19 years (18-22). All participants were native English speakers
and had normal or corrected to normal vision. Participants received class credit for their
participation and gave their informed consent in accordance with the protocol approved
by Rice University’s Institutional Review Board.
Materials and Design
Prime relatedness (related vs. unrelated) and prime modality (word vs. picture)
were tested as within-subject and within-item factors. 52 semantically related stimuli
pairs with no difference in relation strength between picture-picture and word-picture
pairs were used as materials (see Appendix A, items marked with an *). Similar to
Experiment 1, unrelated prime-target pairs were created by re-pairing the semantically
related primes and targets. Different from Experiment 1, the primes were presented as the
verbal labels of the prime pictures in the word prime condition. Following Sperber et al.
(1979), the prime type (word vs. picture) was not blocked in the experiment. Specifically,
each participant named 52 target pictures four times, once in each of the four prime
conditions (related/unrelated by word/picture), resulting in a total of 208 target trials. I
divided the 208 prime-target trials into four blocks with 52 prime-target trials each, such

30
that within a block the participants 1) saw an equal number of target trials from each
condition; 2) did not see the same target pictures twice; and 3) did not see more than
three successive trials from the same condition. The order of blocks was counterbalanced
across participants using a pseudo Latin square design. Together, each participant read
104 prime words and named 104 prime pictures and 208 target pictures.
Apparatus and Procedure
I used DMDX software (Forster & Forster, 2003) to run the experiment and
record vocal responses. The procedure was the same as Experiment 1, except that
participants were required to read words and name pictures as quickly and accurately as
possible. The experiment lasted about 25 minutes with three self-paced breaks between
blocks.
3.2.2. Results
Following Experiment 1, I coded voice key errors, microphone errors, incorrect
responses, and omissions as errors resulting in 6.53% of the data points removed from the
RT analyses. Only incorrect responses and omissions (5.69%) were entered in the error
analysis. In order to test how prime modality (word vs. picture) affects semantic
facilitation in naming, I conducted ANOVAs on RTs and error rates, including
relatedness (related vs. unrelated) and prime modality (word vs. picture) as within-subject
and within-item fixed factors, and subjects (F1) and items (F2) as random factors.
Figures 3.1 and 3.2 summarize the behavioral data from Experiment 2 in terms of
naming latencies and error rates, respectively. Participants were faster to name the target
picture after a semantic related vs. unrelated prime (facilitation effect = 14 ms, 95% CI:
3-25ms), as revealed by a significant main effect of relatedness (F1(1, 23) = 6.68, MSE =
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686.84, p = .02; F2(1, 51) = 5.13, MSE = 1924.69, p = .03). Critically, this facilitation
effect did not interact with prime modality (F’s < 1), suggesting that the facilitation effect
in naming was not affected by whether the prime was presented as a word or a picture. In
addition, participants’ naming latencies of target pictures were not different between
word-picture and picture-picture pairs, as revealed by no main effect of prime modality
(F1 < 1; F2(1, 51) = 1.28, MSE = 1404.82, p = .26).
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Figure 3.1 Mean response times for naming target pictures in different conditions in
Experiment 2. The error bars represent 95% confidence intervals.
Parallel analyses conducted on the incorrect responses and omissions showed
neither significant main effects (relatedness: F’s <1; prime modality: F1(1, 23) = 1.55,
MSE = .001, p = .23; F2(1, 51) = 1.26, MSE =.003, p = .27) nor any interaction (F’s <1).
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Figure 3.2 Mean error rates for naming target picture in different conditions in
Experiment 2. The error bars represent 95% confidence intervals.

3.3. Discussion
Current evidence on whether semantic facilitation in picture naming arises at the
visual input or semantic level of processing is mixed. In order to specify the locus of
semantic facilitation in speech production, Experiment 2 followed the logic from
previous studies (Biggs & Marmurek, 1990; Lupker, 1988; Sperber et al., 1979) to
examine how speech production is affected by previously naming a picture or reading a
word. Using prime-target pairs carefully matched on relation strength between picturepicture and word-picture pairs, I observed the same magnitude of facilitation caused by
word and picture primes. Because words and pictures rely on different visual input
processing, the insensitivity of semantic facilitation to prime modality provides little
evidence for the role of visual input processing in facilitating subsequent picture naming.
Thus, these results suggest facilitation in naming occurs at a different level than visual
input processing of pictures.
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Although the facilitation effect in word-picture priming naming replicated Lupker
(1988) and Sperber et al. (1979), it appears to contradict the interference effect in the
picture-word interference (PWI) paradigm (e.g., Alario, Segui & Ferrand, 2000;
Schriefers, Meyer, & Levelt, 1990). In the studies using the PWI paradigm, a word was
presented shortly before the target picture (Alario et al.: 114 ms; Schriefers et al.: 150
ms). The results showed that, different from the facilitation effect in this study, naming
latencies of the picture were longer with a semantically related vs. unrelated word,
suggesting that the semantically related word slowed picture naming. The divergence in
results may be due to differences in paradigms. In the priming paradigm participants only
see one stimulus at one time, whereas in the PWI paradigm the word stays on the picture
when the picture is named. That is, the effect observed in PWI is not caused by previous
processing of word as in the priming paradigm, but due to simultaneous processing of an
external distractor. It is not surprising that the same word has different effects on
subsequent and simultaneous processing. For example, to explain semantic interference
in PWI, Mahon and colleagues (2007) propose that the distractor word is processed faster
than the picture, so it occupies a single channel response output buffer before the name of
the picture gets there. In order to produce the name of the picture, the word needs to be
cleared and the amount of time to do so depends on the semantic relationship between the
word and the picture. It takes longer if the picture and distractor word are semantically
related and thus an interference effect emerges. In the word-picture priming paradigm,
however, the prime word has been produced in the past trial, so it should not affect
processing the target picture at the response output buffer. Thus, the finding of
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interference in the PWI paradigm is not problematic for the findings of facilitation in
word-picture priming naming.
Given that the nature of semantic facilitation in word-picture and picture-picture
naming is not likely due to priming at the visual input level, where does the effect occur?
To name a picture, after analyzing the visual input information, we should activate the
picture’s semantic information and then select the word corresponding to the picture
(Dell, 1986; Levelt et al., 1999). When one reads a word, both its semantic and lexical
representations are activated (e.g., Coltheart et al., 2001; Nelson, Reed, & McEvoy,
1977). This suggests that facilitation in naming could occur either when accessing the
picture/word’s semantic information (at a semantic level) or when accessing the word
form associated with the picture/word (at a lexical level), or both. Previous evidence
shows that semantic facilitation emerges in a picture comprehension task when there is
no requirement to name, suggesting that lexical retrieval is not necessary for semantic
facilitation (Bajo, 1988). Specifically, in this comprehension task, participants saw prime
and target pictures successively and identified whether the second picture belongs to a
specific category (e.g., wild animal). They were faster to identify the target picture after
seeing a semantically related vs. unrelated prime picture. The researcher argued that this
categorization task did not require access to lexical information associated with the
picture, and thus the facilitation effect should not occur at the lexical but instead at the
visual or semantic level of processing. In addition, similar with the current study, same
size of the facilitation effect was observed when the prime was presented as a picture and
a word, ruling out a visual input locus. Thus, these findings point to a semantic locus of
facilitation in comprehension. Because it is thought that comprehension and naming share
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the same semantic system (e.g., Levelt et al., 1999; Rogers, Lambon Ralph, Garrard,
Bozeat, McClelland, Hodges, & Patterson, 2004), the semantic locus of facilitation in
comprehension may suggest that the facilitation effect in naming has a semantic locus.
For example, when the concept associated with the prime (picture or word) is accessed,
activation spreads to its semantically related exemplars in the semantic system. If the
target picture is semantically related to the prime, spreading activation will facilitate the
target’s semantic access and thus faster naming latencies is predicted compared to
unrelated pictures (see similar discussion in Lupker, 1988). Taken together, I suggest that
the semantic facilitation effect observed in picture naming has a locus at the semantic
level of processing.
The semantic locus of facilitation in naming, however, does not exclude the
possibility that lexical processing can also give rise to the facilitation effect in naming.
Specifically, Navarrete and colleague (2014) proposed that “A related semantic context
(caused by semantically related item) will prime the word representation of the target,
boosting its level of activation, and speeding its retrieval” (p.256). In the current context
of priming naming, it is possible that activation of the prime (word or picture) spreads out
at the semantic level, speeding up semantic access of semantically related items, and
meanwhile the activation further passes down to the lexical level, facilitating lexical
selection of semantic related exemplars. Navarrete et al. (2014) used facilitation at the
lexical level to explain semantic facilitation observed in the first cycle of semantic cyclic
blocked naming5, but they did not provide empirical evidence that lexical processing

5

In this paradigm, pictures are named in the semantically related and unrelated context. In the related
context, pictures are from the same category, while in the unrelated context pictures are from different
categories. Pictures are named repeatedly. The main findings of this paradigm are 1) RTs are longer in the
related vs. unrelated condition (i.e., semantic interference); and 2) the RT difference between the related
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indeed gives rise to semantic facilitation in naming. More evidence is needed to validate
the lexical locus of semantic facilitation during speech production, which directly
motivated Experiment 4.
To summarize, by improving upon previous study designs, Experiment 2 provides
evidence regarding the locus of semantic facilitation in naming. I tested whether the
facilitation effect in picture naming was affected by the presentation modality of the
prime (word vs. picture). The results showed equivalent significant facilitation in wordpicture and picture-picture priming naming, ruling out the possibility that the facilitation
effect in naming is due to the visual input level of processing. Based on those results and
on previous studies, I concluded a semantic locus of facilitation in naming, which leaves
open the question of whether the facilitation effect also occurs at the lexical level of
processing during speech production. This question was directly addressed in Experiment
4 (Chapter 5), after behaviorally testing the locus of semantic interference in Experiment
3 (Chapter 4).

and unrelated condition gets bigger with repetitions (cf. Belke, 2013). Typically, when the pictures are first
named, there is facilitation instead of interference.
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Chapter 4: The Locus of Semantic Interference: Evidence from Associate Matching6
4.1. Introduction
People are slower to name a picture (e.g., CAT) if a semantically related picture
(e.g., DOG) was named in the past (e.g., the lag2 condition in Experiment 1; Belke, 2013;
Damian et al., 2001; Howard et al., 2006; Schnur et al., 2006; Wheeldon & Monsell,
1994). As reviewed in Chapter 1 (Section 1.3), this interference effect in speech
production has been exclusively attributed to a lexical level of processing due to lexicalsemantic connection weight changes (e.g., Damian et al., 2001; Howard et al., 2006;
Oppenheim et al. 2010; Vitkovitch & Humphreys, 1991). Consistent with this view,
previous studies found that semantic interference in naming across different tasks was not
reduced by the number of intervening trials between semantically related pictures (e.g.,
Belke, 2013; Damian & Als, 2005; Howard et al., 2006), given that connection weight
changes are thought to be relatively persistent (e.g., Howard et al., 2006; Oppenheim et
al., 2010). However, the empirical evidence regarding the sole lexical locus account of
semantic interference in naming is limited and inconsistent.
The direct evidence for the lexical locus of semantic interference comes from two
findings. First, the semantic interference effect interacts with an index of lexical
processing, lexical frequency, suggesting that lexical processing contributes to semantic
interference in naming (Harvey & Schnur, 2016; Humphreys, Riddoch, & Quinlan, 1988;
Vitkovitch & Humphreys, 1991). Second, although there is no semantic interference
when words are simply read aloud, semantic interference emerges when participants
produce a word’s name together with its gender-marked determiner (Damian et al., 2001).
6

Results from Experiment 3 have been accepted for publication: Wei T. & Schnur, T. T. (2016). LongTerm Interference at the Semantic Level: Evidence from Blocked-Cyclic Picture Matching. Journal of
Experimental Psychology: Learning, Memory & Cognition, 42, 149-157.
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Given that producing the determiner and noun together requires access to the lexical
representations (Levelt et al., 1999), this semantic interference effect was argued to occur
at the lexical level of processing (Damian et al., 2001). However, these two pieces of
evidence for the lexical locus of semantic interference in naming have not been
consistently replicated (e.g., Belke, 2013; Santesteban, Costa, Pontin, & Navarrete, 2006),
indicating that semantic interference may occur at other stages (e.g., semantic level)
during speech production.
An indirect approach to test for the lexical locus of semantic interference in
speech production is to examine whether other levels than the lexical level of processing
in naming gives rise to similar interference effects. For example, to test whether semantic
interference in naming originates at a visual input level, previous studies examined how
visual similarity influences the interference effect. The results revealed that semantic
interference in naming still appeared when controlling for the visual similarity of the
related and unrelated conditions (Damian et al., 2001; Schnur et al., 2006), and that the
magnitude of the interference effect was unaffected by visual similarity (Navarrete et al.,
2012). The insensitivity of the interference effect to visual similarity suggests that the
visual input level is not a locus of semantic interference in naming. In addition, to rule
out the semantic locus, some researchers explored whether semantic interference appears
in a comprehension task that requires semantic processing but not post-semantic lexical
processing. Assuming that comprehension and speech production share access to the
same semantic system (e.g., Levelt et al., 1999; Rogers et al., 2004), if similar semantic
interference occurs in comprehension tasks without post-semantic lexical involvement,
the semantic processing level could be an equally likely locus of the interference effect in
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speech production. When using object judgment (judging the direction in which an object
is faced, Damian et al., 2001) or categorization (deciding whether an object is living
versus non-living, Belke, 2013), previous studies found no semantic interference in these
comprehension tasks, which led to the conclusion that semantic interference does not
occur at the level of semantic processing but instead at the level of lexical processing
(Belke, 2013; Damian et al., 2001).
However, the sole lexical locus account of semantic interference is challenged by
the findings of semantic interference in word-picture matching (e.g., Biegler, Crowther,
Martin, 2008; Campanella & Shallice, 2011). Specifically, participants are slower and/or
more error prone when matching a probe word (spoken or written, e.g., cat) to its
corresponding target picture (e.g., CAT) from an array of semantically related (e.g.,
MONKEY, RABBIT, DOG) versus unrelated pictures (e.g., TABLE, BOAT, APPLE;
Biegler et al., 2008; Campanella & Shallice, 2011; Jefferies, Baker, Doran, & Lambon
Ralph, 2007; Warrington & Cipolotti, 1996). This direct word-picture matching task was
originally designed to test the nature of semantic deficits as a result of brain damage (e.g.,
Forde & Humphreys, 1995, 1997; Gardner, Lambon Ralph, Dodds, Jones, Ehsan, &
Jefferies, 2012; Jefferies et al., 2007; Warrington & Cipolotti, 1996; Warrington &
McCarthy, 1983, 1987). Recently, Biegler et al. (2008) and Campanella and Shallice
(2011) replicated the semantic interference effect in healthy participants. Campanella and
Shallice proposed that in healthy participants semantic interference occurred within the
semantic system because “no activation of postsemantic lexical representations is needed
in order to perform the word to picture matching tasks” (p. 427).
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One problem for the word-picture matching task is that it may involve naming
processing and thus the semantic interference effect in this task could be due to retrieving
the names rather than semantic information associated with pictures (Biegler et al., 2008).
In word-picture matching, Biegler and colleagues (2008) found a significant correlation
between RTs and the number of alternative names for the target picture in the picture
array. Because the number of alternative names is an index of lexical processing, this
correlation suggests that participants may name the pictures in this task. Thus, they
argued that post-semantic lexical processing is involved in word-picture matching. In
order to reduce the involvement of naming processing, they developed an associate
matching task, where participants saw a probe word and selected the most associated
target picture from an array of distractor pictures (e.g., probe word: Yarn, picture array:
BEAR, CAT, DOG and HORSE; a contrast to the direct word-picture matching task used
in other studies, e.g., Campanella & Shallice, 2011; Warrington & McCarthy, 1983,
1987). In associate matching, correct responses cannot be generated by directly
comparing the probe name with the picture names (e.g., cat to YARN), as can be done in
direct word-picture matching (e.g., cat to CAT). Instead, to select the correct associated
target, participants retrieve the semantic representations associated with the probe and
picture array (Biegler et al., 2008; Forde & Humphreys, 1997). Similar to word-picture
matching, Biegler et al. observed longer RTs when participants matched the probe words
to the targets in the semantically related vs. unrelated picture arrays. Different from
word-picture matching, associate word-picture matching RTs did not correlate with
lexical variables of target pictures (e.g., lexical frequency or name agreement),
suggesting that this task reduces the likelihood of a naming strategy by participants.
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Thus, Biegler et al.’s study demonstrated that semantic interference can arise at the
semantic level of processing.
However, the reason why semantic interference happens in matching tasks may be
different from that in naming tasks. Thus, semantic interference in these matching tasks
may not allow a direct inference to the locus of interference in speech production. In
picture naming, participants name one picture on one trial and semantic relatedness is
manipulated across trials (e.g., Damian et al., 2001; Howard et al., 2006; Vitkovitch et al.,
2001). In the related vs. unrelated condition of previous matching studies (e.g., Biegler et
al., 2008; Campanella & Shallice, 2011), not only are stimuli from successive trials
semantically related, but also the pictures in the array on a single trial are semantically
related to each other. As a result, it is unknown whether the interference effect in these
comprehension studies was from a prior trial (when probe words across trials are
semantically related to each other, as when naming semantically related pictures one-at-atime, e.g., Damian et al., 2001; Howard et al., 2006; Schnur et al., 2006) or from the
current trial (when pictures in an array are semantically related to each other). Therefore,
it remains an open question whether semantic interference emerges in comprehension
because of access to semantic information associated with semantically related items in
the past, as is the case for semantic interference in speech production.
Moreover, if semantic interference in comprehension is caused by the same
mechanism as in speech production, the interference effects in comprehension should be
long-lasting as is found in speech production. However, the evidence for the longevity of
semantic interference in comprehension is mixed. Campanella and Shallice (2011,
Experiment 2) demonstrated that when the RSI was long (1 sec.) vs. short (0 sec.),
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participants made quantitatively fewer errors directly matching a probe word to a picture,
suggesting that interference was not a long-lived effect, becoming smaller at longer time
intervals. In addition, Biegler and colleagues (2008, Experiment 2B) found that when the
same set of materials were repeatedly matched interference did not accumulate across
repetitions, suggesting here too that interference did not accumulate over long time
intervals. However, in contrast to Campanella and Shallice, Biegler et al. found that the
manipulation of RSI (1 vs. 4 sec.) did not change the magnitude of semantic interference.
Similarly, in contrast to Biegler et al., Campanella and Shallice found that interference
increased across repetitions, suggesting that semantic interference lasts over several trials.
It is possible that the interference effect in comprehension is due to multiple mechanisms,
but it is unclear why the same kind of measurement of interference effects showed
different patterns across different studies. Together, the uncertainty about the mechanism
of semantic interference in comprehension makes it difficult to draw conclusions
concerning whether semantic interference arises at a semantic level for comprehension
alone, or also at this level in speech production.
4.2. Experiment 3
Experiment 3 addressed limitations in previous matching studies and tested
whether the semantic system gives rises to long-lasting semantic interference due to past
semantic processing. To preview the results, the finding of long-lasting semantic
interference in comprehension suggests that there is more than a single lexical locus of
semantic interference in speech production, and thus interference in speech production
may arise at multiple levels. First, to minimize the involvement of a naming process in
comprehension, we adopted the associate matching paradigm from Biegler et al.’s (2008)
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study. Different from their study, we manipulated semantic relatedness across trials but
not within trials, the same way as is done in picture naming studies. In the related
condition, probes across trials were semantically related to each other but within a trial
the pictures in the array were unrelated to each other (e.g., trial 1, probe: CAT, array:
YARN, BAMBOO, HONEY, and BANANA; trial 2, probe: PANDA, array: YARN,
BAMBOO, HONEY, and BANANA, also see Figure 4.1 in the Method Section 4.2.1).
We hypothesized that if semantic interference is observed in this paradigm, this suggests
that semantic interference emerges between trials instead of within a trial. As this finding
would be similar to semantic interference effects in speech production (i.e., Damian et al.,
2001; Howard et al., 2006; Wheeldon & Monsell, 1994), it would indicate that semantic
interference effects in production have a semantic locus. In addition, to better localize
semantic interference in comprehension, we manipulated the modality of the probe
presentation, displaying probes as words (associate word-picture matching) or pictures
(associate picture-picture matching). If semantic interference occurs in both tasks, it
likely occurs during a process shared by both tasks (access to semantic representations
from words or pictures) rather than from non-shared aspects of these tasks (e.g., word vs.
picture recognition input processing; for a similar rationale to identify language deficits at
a semantic vs. pre-semantic locus, see Forde & Humphreys, 1995, 1997; Gardner et al.,
2012). If semantic interference only appears when the probes are words (associate wordpicture matching) vs. pictures (associate picture-picture matching), this would suggest
that semantic interference occurs during access to the lexical representations or the links
between lexical and semantic representations7. By contrast, if semantic interference only

7

In language production, it has been proposed that semantic interference occurs during access to lexical
representations or the links between semantic and lexical representations (cf. Damian et al., 2001; Damian
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appears in associate picture-picture matching, this would suggest that interference occurs
somewhere between access to the structural descriptions associated with pictures (e.g.,
object recognition input system, cf. Forde & Humphreys, 1997) and access to the
pictures’ associated meanings. Lastly, although null results could occur for a number of
reasons, if we find no semantic interference in either associate word-picture or picturepicture matching, one possible explanation would be that semantic interference due to
past processing experience only occurs during access to lexical representations from
semantics (i.e., during naming; Belke, 2013; Damian et al. 2001).
We also explored the longevity of semantic interference in comprehension to see
whether the mechanisms of semantic interference in comprehension and speech
production are similar. To preview the results, the finding of a long-lasting vs. short-lived
semantic interference effect during access to semantics suggests that similar mechanisms
underlie the interference effects in comprehension and speech production. To test the
longevity of semantic interference, first, we manipulated the number of intervening trials
between semantically related trials (lag0 vs. lag2). If increasing unrelated intervening
trials reduces semantic interference, it suggests that semantic interference in
comprehension is due to temporary residual activation (Campanella & Shallice, 2011)
and semantic interference effects in comprehension and speech production are due to
different mechanisms. Alternatively, if unrelated intervening trials do not reduce
semantic interference, it points to a similar mechanism underlying semantic interference
& Als, 2005; Humphreys, Lloyd-Jones, & Fias, 1995; Oppenheim et al. 2010; Vitkovitch & Humphreys,
1991). If we assume that language production and comprehension share semantic and lexical
representations as well as their links (e.g., Levelt et al., 1999; Rogers et al., 2004), then it is possible that
semantic interference occurs in comprehension at the same locus. Thus, this generates the prediction that
semantic interference will occur during access to semantic representations from lexical representations (i.e.,
during associate word-picture matching) but not during access to semantic representations from structural
descriptions (e.g., object recognition input system, cf. Forde & Humphreys, 1997) associated with pictures
(i.e., during associate picture-picture matching).
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in comprehension and speech production. Second, we presented the same set of materials
four times (i.e., cycles). If semantic interference is short-lived, it should not extend
beyond the duration of a cycle (~6 sec.) because interference from earlier trials in one
cycle should not affect trials in a subsequent cycle. Thus, this generates the prediction
that interference should not change when materials are presented repeatedly across
different cycles. By contrast, if semantic interference is long-lasting, semantic
interference should accumulate across cycles (cf. Oppenheim et al., 2010; Schnur et al.,
2006).
4.2.1. Method
Participants
48 native English speakers from Rice University participated in Experiment 3
with a mean age (and range) of 19 years (18-22): 24 participated in associate wordpicture matching and 24 participated in the picture-picture matching. All participants
participated for course credit and gave informed consent in accordance with the protocol
approved by the Institutional Review Board of Rice University.
Materials
We selected eight probes from each of eight categories (i.e., four-legged animals,
tools, appliances, furniture, people, birds, vehicles and body parts), for a total of 64
probes. In order for participants to not see the same probe-targets repeated across lag
conditions (see Design), we organized the probes in two groups (Group1 and Group2), so
that each group consisted of eight categories of four exemplars each (see Appendix C).
Filler probes used as intervening lag items were an additional 68 objects not belonging to
the eight experimental probe categories, where four items were practice materials. We
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selected pictures from BOSS stimuli set (Brodeur et al., 2010) and various internet
sources. Based on the Nelson, McEvoy and Schreiber (2004) association norm database
and informal ratings, we paired each of the 132 probes (experimental and filler) with a
categorically unrelated associate (i.e., associated target), which did not share association
with other probes from the same group (semantically related or unrelated). An additional
15 participants rated the degree of association between the experimental probes and
associated targets and un-paired distractor associates on a 5-point scale (1= not associated
at all, 5 = very highly associated). The probes and associated targets were rated as
strongly associated (mean: 4.60, range: 3.67-5.00) where the association ratings for the
probe-target pairs were significantly higher than for the probe-distractors in both the
semantically related (mean: 1.18; t1(14) = 46.83, p < .001; t2(63) = 65.43, p < .001) and
unrelated groups (mean: 1.14; t1(14) = 56.04, p < .001; t2(63) = 72.20, p < .001). Further,
the association ratings for probe-distractors did not significantly differ between the
related and unrelated groups (t1(14) = 1.71, p = .11; t2(63) = 1.26, p = .21).
Design
The design was the same for both associate matching tasks except that probes
were presented as words in associate word-picture matching and as pictures in associate
picture-picture matching. In each trial, participants saw a probe (e.g., cat) and chose from
a 4-picture array the correct associated target (e.g., YARN). The 4-picture array on each
trial was comprised of the correct associated target to the probe and three distractors not
associated with the probe but the correct associates for other probes within the same
block (See Figure 4.1). Probes across trials were either from the same category
(semantically related block, e.g., PANDA, CAT, BEAR, and MONKEY) or different
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categories (unrelated block, e.g., NOSE, CAT, BLENDER, and MOTORCYCLE) in the
same group. Participants saw the same probe paired with the same associated target in
related and unrelated blocks. Each block consisted of four different probes repeating four
times (cycles) with the same 4-picture array in different arrangements. In the lag2
condition, experimental probes were interleaved with two unrelated trials, whereas in the
lag0 condition experimental probes immediately followed each other. Half of the
participants saw probes from Group1 presented in lag0 condition and probes from
Group2 in lag2 condition, and the other half of participants saw the reverse. Together,
each subject completed 33 blocks (one practice, 16 related and 16 unrelated blocks) for a
total of 16 practice, 512 experimental and 512 intervening unrelated trials. The order of
lag condition was counterbalanced across participants and the order of blocks within each
lag condition remained the same. Thus, semantic relatedness (related vs. unrelated), cycle
(1 – 4) and lag (lag0 vs. lag2) were within-subject and within-item factors. Task (probes
presented as words or pictures) was a between-subject and within-item factor.
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A.

B.

Figure 4.1 Example of sequential trials in associate picture-picture matching. Presentation times (ms) on left. Probes are outlined in
red, associated target and distractors are outlined in black (n.b., in associate word-picture matching, words replaced pictures as
probes). In the related condition, probes within a block are from the same category (Panel A). In the unrelated condition, probes are
from different categories (Panel B).
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Apparatus and procedure
We used the DMDX software (Forster & Forster, 2003) to present stimuli and
collect RTs and accuracy. Using the standard protocol in blocked-cyclic paradigms to
reduce trial error (e.g., Damian & Als, 2005; Schnur et al., 2006), before the experiment
began participants saw all 132 word-picture or picture-picture pairs (depending on the
task) presented in random order. Association pairs stayed on the screen until the
participants recognized the association and pressed the spacebar to initiate the next trial.
Participants then participated in a practice session with 16 trials. Trials were presented in
the same way in both practice and experimental sessions. Each trial began with a fixation
point (+) in the center of the screen for 500 ms, followed by a probe and a 4-picture array.
The probe appeared in the center and four pictures were 350 pixels (above, below, left
and right) from the center (See Figure 4.1). Participants placed their right hand on the
number pad and used the arrow keys corresponding to picture location (top, bottom, left
and right) to indicate the correct response. After participants made a response or a 1500
ms deadline was reached, a fixation was presented for 500 ms, followed by another probe
along with the same 4-picture array in a different arrangement. This procedure was
repeated until all four probes were presented four times in a block. Then participants
moved on to the next block. All pictures were scaled to fit a 250 × 250 pixel square. In
associate word-picture matching, the probe words were presented in 20-point Times New
Roman font. The experiment lasted about 45 minutes including three breaks spaced at
equal intervals.
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4.2.2. Results
Following Campanella and Shallice (2011), we included in the error analyses and
excluded from RT analyses trials with incorrect associate target selection or no response
within 1500 ms. As a result, we removed 10% of the data points in the RT analyses. We
computed ANOVAs on RTs and error rates with subjects (F1) and items (F2) as random
variables. Fixed within-subject and within-item variables included relatedness (related vs.
unrelated), cycle (1-4) and lag (lag0 vs. lag2). We treated task (associate word-picture,
picture-picture matching) as a fixed between-subject and within-item variable.
See Table 4.1 for an overview of mean RTs and error rates per condition. When
analyzing RTs, as shown in Figure 4.2A, participants were slower to make a response in
the semantically related than unrelated condition (F1(1, 46) = 274.44, MSE = 2211, p <
.001; F2(1, 63) = 53. 90, MSE = 31386, p < .001), which was not modulated by task
(F1(1, 46) = 1.17, MSE = 2211, p = .29; F2(1, 63) = 1.67, MSE = 4966, p = .20). This
interference effect increased with two vs. zero unrelated intervening trials (F1(1, 46) =
12.47, MSE = 2491, p < .01; F2(1, 63) = 14.77, MSE = 6464, p < .001), independent of
task (F values < 1). The interference effect also increased across cycles (see Figure 4.2B),
as shown by a significant linear component of the relatedness by cycle interaction (F1(1,
46) = 67.51, MSE = 1016, p < .001; F2 (1, 63) = 28.22, MSE = 5231, p < .001). This
increasing interference effect was larger in the associate picture-picture than word-picture
matching task (F1(1, 46) = 8.29, MSE = 1016, p = .006; F2(1, 63) = 5.92, MSE = 3684, p
= .02). Unrelated intervening trials did not affect the degree to which interference
increased across cycles (F1(1, 46) = 1.43, MSE = 1324, p = .24; F2(1, 63) = 2.71, MSE =
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5549, p = .11) and this pattern was not significantly different between tasks (F1(1, 46) =
1.14, MSE = 1324, p = .29; F2(1, 63) = 1.40, MSE = 3437, p = .24).
Error analyses revealed that participants made significantly more errors in the
related (13%) than unrelated (7 %) condition (F1(1, 46) = 96.46, MSE = .007, p < .001;
F2(1,63) = 63.05, MSE = .03, p < .001), which was larger in the Lag2 (∆ = 8%) than
Lag0 condition (∆ = 4 %; F1(1, 46) = 25.97, MSE = .003, p < .001; F2(1,63) = 27.18,
MSE = .007, p < .001). No other effects related to semantic interference were significant
in the error analyses (p values > .21).
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Figure 4.2 Semantic interference in terms of the main effect of relatedness (A) and
increasing interference across cycles (B) as a function of relatedness and lag in associate
word-picture and picture-picture matching.
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Table 4.1 Mean response times (in milliseconds; calculated from participant means, with standard deviations in parentheses) and error
rates (as percentage means) for different conditions (task, lag, relatedness, and cycle)

Response times
(SD)
Task
Related
Associate
wordpicture
matching

Lag0
Unrelated
Related
Lag2
Unrelated
Related

Associate
picturepicture
matching

Lag0
Unrelated
Related
Lag2
Unrelated

Error rate (%)

Cycle
1
887
(65)
852
(62)
980
(80)
916
(68)
930
(75)

Cycle
2
863
(68)
815
(61)
932
(88)
854
(75)
904
(73)

Cycle
3
884
(65)
837
(73)
943
(74)
866
(65)
893
(86)

Cycle
4
902
(70)
849
(82)
979
(74)
858
(68)
919
(99)

932
(82)

856
(84)

846
(81)

845
(86)

971
(71)
937
(83)

911
(85)
859
(93)

913
(89)
853
(96)

937
(96)
829
(90)

Cycle Cycle Cycle Cycle
1
2
3
4
10

8

9

10

5

5

6

7

15

17

15

16

7

8

7

6

16

10

11

11

9

6

8

7

19

13

16

14

10

7

7

8
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4.3. Discussion
To test whether semantic interference in speech production occurs only at the
lexical level of processing, we modified the associate matching task to examine whether
long-lasting semantic interference due to past cognitive experience can occur in
comprehension without a post-semantic lexical requirement, i.e., at a pre-lexical level.
Participants selected from an array of unrelated pictures, a picture semantically associated
with a probe word or picture. Probes were either semantically related or unrelated across
trials. To address the locus of interference (semantic vs. lexical), we tested whether
semantic interference occurred independently of probe presentation modality (word vs.
picture) and minimized naming by using an associate matching (e.g. YARN to cat) task.
To confirm whether the interference effect in comprehension is similar to that in speech
production, we manipulated semantic relatedness across trials (as opposed to within trial)
as in naming and investigated whether semantic interference in comprehension is longlasting by testing whether interference was reduced by unrelated intervening trials and
whether interference accumulated across cycles. We found that whether probes were
words or pictures, participants took longer to match the probe with the correct associated
picture when probes of successive trials were semantically related vs. unrelated.
Interference increased across cycles and was greater with increased unrelated intervening
trials (lag2 vs. lag0). We interpret the results as a long-lasting semantic interference and a
short-lived facilitation at the semantic level of processing. Below, we discuss how we
make this interpretation and how these results provide insight into the locus of semantic
interference in speech production.
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Semantic Locus of Semantic Interference in Comprehension
To test the hypothesis that semantic interference in speech production only occurs
at the post-semantic lexical level of processing, we modified the associate matching task
(Biegler et al., 2008) to examine whether processing semantic information in the past
gives rise to semantic interference. Associate matching involves several cognitive steps,
including pre-semantic input processing of the probe and picture array (e.g., visual
processing of pictures and recognition of words), activation of associated semantic
information, rejection of the distractors and selection of the correct associate to the probe.
It is unlikely that the longer RTs in the related vs. unrelated condition were due to a
difference in difficulty between selecting the correct associated targets in the related vs.
unrelated condition as we used the same probe-target pairs in the related and unrelated
conditions. Second, interference is unlikely to be due to a difficulty in rejecting the
distractors in the related vs. unrelated condition because there was no difference in
association strength between the probe and distractors between conditions. Third,
semantic interference was the same magnitude whether the probe was a word or picture,
which suggests that semantic interference occurred during a stage shared by word/picture
comprehension, i.e., the retrieval of the semantic representations associated with the
probes, not the stages which differ between word and picture comprehension (e.g., input
processing). Fourth, even though naming was not required in the associate matching task
(cf. Biegler et al. 2008), we can rule out the possibility that we observed semantic
interference because participants named the probes while performing the matching tasks.
We correlated the 64 experimental probes’ log-transformed lexical frequencies (CELEX,
Baayen, Piepenbrock, & Gulikers, 1996) with their corresponding RTs, collapsing across
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participants, tasks, lags, relatedness, and cycles. We found no relationship between the
log-transformed lexical frequencies and mean probe RTs (r = .16, p = .21). Thus, these
results localize semantic interference in associate word/picture-picture matching within
the semantic system consistent with other semantic locus accounts (e.g., Biegler et al.,
2008; Campanella & Shallice, 2011; Jefferies et al., 2007).
However, a semantic locus account of interference is inconsistent with studies
suggesting that semantic interference during the process of naming only arises at a postsemantic level, (e.g., Belke, 2013; Damian et al., 2001). Belke (2013) and Damian and
colleagues (2001) among others (e.g., Howard et al., 2006; Schnur et al., 2006) assume
that semantic interference requires lexical processing because semantic interference is
consistently observed in naming but not in judgment tasks designed to tap semantic
processing. We propose that we found interference in our semantic tasks whereas Belke
(2013) and Damian et al. (2001) did not because the semantic judgment tasks they used
tap a different kind of semantic processing compared to that in associate matching. In
judgment tasks such as judging whether an object is natural vs. man-made (Belke, 2013),
or the direction in which an object is faced (Damian et al., 2001), participants do not need
to identify specific semantic information to make a correct response. For example, if the
probe is a “DOG”, participants can make a correct decision concerning whether the
object is natural vs. man-made merely based on retrieving the semantic information
shared by animals, but subjects do not need to specify the difference between a dog and
other animals. Thus, repeatedly retrieving the same set of semantic representations across
semantically related vs. unrelated trials in this task should facilitate semantic judgments,
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exactly the effects observed by Belke (2013) and Damian et al. (2001)8. By contrast, in
associate matching more detailed semantic information especially that which
distinguishes different concepts is required for the retrieval of a correct response (e.g., the
probe is a cat rather than a dog). It is possible that semantic interference occurs when we
retrieve the detailed semantic information associated with objects. Thus, the semantic
interference in associate matching seen here reflects interference during semantic
processing, rather than during other potential processes associated with the task. In this
case, because naming a picture also requires activation of detailed semantic information
associated with the picture (e.g., knowing that the picture is a cat not a dog), semantic
interference in this experiment may suggest that semantic interference does not occur
exclusively during lexical access in naming, but also during the retrieval of semantic
representations.
Long-lasting Interference and Short-lived Facilitation at the Semantic Level of
Processing
That semantic interference was not eliminated but increased with unrelated
intervening trials suggests two temporally distinct effects during the retrieval of semantic
representations associated with words and pictures. First, semantic interference survived
across unrelated intervening trials, demonstrating a long-lasting semantic interference
effect. Similar long-lasting semantic interference is shown in previous speech production
studies (e.g., Damian & Als, 2005; Howard et al., 2006; Wheeldon & Monsell, 1994),
suggesting that semantic interference in comprehension and speech production arises due
to similar mechanisms. Second, semantic interference in this experiment was smaller
with no intervening trials. A similar pattern of results has also been reported in speech
8

Damian et al. (2001, Exp. 1) found an 8 ms facilitatory, but non-significant semantic judgment effect.
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production (e.g., Vitkovitch et al., 2001; Wheeldon & Monsell, 1994). Based on results
from Experiment 1 and 2 along with semantic facilitation in the literature, we interpret
the reduction of interference at the lag0 condition as caused by short-lived facilitation,
which is commonly attributed to spreading activation in the semantic system (e.g.,
Damian & Als, 2005; Lupker, 1988; Wheeldon & Monsell, 1994).
That long-lasting interference and short-lived facilitation both occur during
comprehension is further suggested by the finding of semantic interference accumulating
across cycles. If interference is long-lasting, semantic interference should accumulate
over several trials and cycles. By contrast, because the facilitation effect is due to
temporary residual activation, it should not accumulate across trials and cycles. That is,
the effect of semantic relatedness across cycles reflects the build-up of long-lasting
interference only, without the contamination of the facilitation effect. Thus, an increasing
interference effect across cycles is predicted, and unlike the main effect of semantic
relatedness, the increasing interference effect will not be affected by unrelated
intervening trials. Our results demonstrated both these patterns. Together, these results
suggest both semantic interference and facilitation in comprehension, where facilitation
but not interference is the result of temporary residual activation.
However, that semantic interference was not reduced but increased by unrelated
intervening trials is inconsistent with Campanella and Shallice’s (2011) and Biegler et
al.’s (2008) results concerning manipulations of time in direct word-picture matching.
Because Campanella and Shallice (2011) only assessed the effect of RSI on matching
performance in the related condition (short vs. long RSI created lower accuracy), it is
unknown whether RSI also affects matching performance in the unrelated condition,
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which, if that were the case, would have yielded no effect of RSI on the semantic
interference effect. As such, a comparison between results is uninterpretable. That
Biegler et al. (2008) saw no change in semantic interference with different RSIs may be
explained by the time intervals manipulated. Biegler et al. (2008) manipulated RSI as 1
sec. versus 4 sec., while here we manipulated 0 vs. 2 intervening unrelated trials,
corresponding to 0.5 sec. vs. ∼2.8 sec. RSI. It is possible that semantic facilitation was
largely attenuated by the 1 sec. RSI, and thus no difference of interference between short
vs. long RSI was observed in Biegler et al.’s (2008) study. Therefore, our study suggests
two temporally distinct effects occurring at the level of semantic processing during
comprehension - long-lasting interference and short-lived facilitation.
Conclusion
The findings in Experiment 3 demonstrated that retrieving semantic information
of words and pictures in the past has similar effects (i.e., short-lived facilitation and longlasting interference) on subsequent comprehension, suggesting that semantic processing
gives rise to both facilitation and interference effects. Because comprehension and speech
production require access to the same semantic system (e.g., Levelt et al., 1999; Rogers et
al., 2004), these findings here may suggest that the facilitation and interference effects in
naming observed in Experiment 1 and elsewhere (e.g., Belke, 2013; Biggs & Marmurek,
1990; Damian et al. 2001; Howard et al., 2006; Lupker, 1988; Sperber et al., 1979;
Wheeldon & Monsell, 1994) also have a semantic locus.
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Chapter 5: The Locus of Semantic Facilitation and Interference in Naming:
An fMRI study
5.1. Introduction
In a picture-picture priming naming paradigm, Experiment 1 established that past
naming experience has opposite effects (facilitation and interference) on future naming
depending on the interval between two naming occurrences. Following the methodology
and logic applied in previous studies (e.g., Belke, 2013; Damian et al., 2001; Lupker,
1988; Sperber et al., 1979), Experiments 2 and 3 addressed the limitations in these studies
and explored the cognitive locus of semantic facilitation and interference separately.
Experiment 2 showed that semantic facilitation in naming was unaffected by whether the
prime was presented as picture or a word, ruling out the possibility that semantic
facilitation occurs at the visual input level of processing. Experiment 3 showed semantic
interference effects in comprehension tasks without a lexical access requirement,
demonstrating semantic interference occurs at the level of semantic processing and
pointing to the likelihood that interference in naming also has a semantic locus. What
remains unclear is as follows. Although Experiment 2 suggested that semantic facilitation
does not occur at the visual input level of processing, it did not directly show whether it
occurs at the semantic or lexical level. Similarly, although Experiment 3 demonstrated
that semantic interference due to past cognitive experience can occur at a semantic level
(at least during comprehension), it did not test whether in naming, interference occurs at a
semantic level and/or at the lexical level. Thus, Experiment 4 aimed to provide evidence
about the semantic vs. lexical locus of semantic facilitation and interference in speech
production, by studying the neuroanatomical loci of these two effects during naming.
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To date, functional neuroimaging evidence suggests that semantic interference in
speech production is a lexical effect (e.g., de Zubicaray, Johnson, Howard, & McMahon,
2014; de Zubicaray, McMahon, Eastburn, & Pringle, 2006; de Zubicaray, McMahon, &
Howard, 2015). Using fMRI, prior studies demonstrated that blood oxygen leveldependent activity (BOLD activity) in the left posterior temporal lobe (pTL) is affected
by semantically related naming experience9 (e.g., de Zubicaray et al., 2014, 2015; Schnur,
Schwartz, Kimberg, Hirshorn, Coslett, & Thompson-Schill, 2009). For example, adopting
the lag2 condition in the definition-picture naming priming paradigm used in Wheeldon
and Monsell’s study (1994) as discussed in Chapter 1(Section 1.2), de Zubicaray and
colleagues (2006) compared the BOLD activity when participants named target pictures
after producing semantically related (related condition) vs. unrelated names to definitions
(unrelated condition). They found increased activity in left pTL contrasting the related vs.
unrelated condition, suggesting that this region is sensitive to semantic interference in
naming. The sensitivity of left pTL activity to semantic interference is replicated by
subsequent studies using two other naming paradigms which produce semantic
interference (e.g., de Zubicaray et al., 2014, 2015; Schnur et al., 2009). In continuous
naming, semantic interference, in terms of increasing RTs as more exemplars from the
same semantic category are named, was associated with increased BOLD activity
changes in the left pTL (de Zubicaray et al., 2015). Contrasting related vs. unrelated
condition in semantic blocked naming, Schnur et al. (2009) found increased activity in
the left pTL, while de Zubicaray observed decreased activity in the left pTL. Although it
is unclear why the polarity reported in their studies is different (increased vs. decreased),
9

This pattern of result has also been found using other neuroimaging approaches, such as anodal
transcranial direct current stimulation (Pisoni, Papagno, & Cattaneo, 2012) and magnetoencephalography
(Maess, Friederici, Damian, Meyer, & Levelt, 2002).
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both study showed that activity in the left pTL is sensitive to semantic relatedness, which
creates semantic interference in semantic blocked naming. The left pTL has been
reported elsewhere as involved in lexical processing during speech production (see
Hickok & Poeppel, 2007 for review). For example, activity in the left pTL increases with
lower word frequency, suggesting that this region is sensitive to lexical processing
(Graves, Grabowski, Mehta, & Gordon, 2007; Wilson, Isenberg, & Hickok, 2009). In
addition, the left pTL is shown to be necessary for lexical processing. DeLeon and
colleagues (2007) found that damage to the left pTL (i.e. BA 37) was associated with a
lexical access deficit (e.g., impaired on oral and written picture naming and tactile
naming but intact on comprehension; also see Baldoa, Arévalo, Patterson, & Dronkers,
2013). On the basis of theirs and others’ findings, de Zubicaray and colleagues concluded
a lexical locus of semantic interference in speech production, although this conclusion
may be premature, as I explain below.
In contrast, numerous studies suggest that the left pTL is also involved in
semantic processing (see Binder & Desai, 2011 and Martin, 2007 for reviews). The
activity in the left pTL is independent of the modality in which a stimulus is presented
(e.g., auditory vs. visual, Simanova, Hagoort, Oostenveld & van Gerven, 2014) and the
category of the stimuli (e.g., fruit, tools, clothes, mammals, and birds; Fairhall &
Caramazza, 2013), suggesting a role of the pTL in representing abstract semantic
information. Because de Zubicaray and colleagues did not directly test in the same
participants the cognitive function (semantic vs. lexical) of the left pTL observed in their
studies, it is unclear whether that region which responds to semantic interference is in
fact involved in lexical or semantic processing or both. In addition, to my knowledge, no
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study has identified the neural locus of semantic facilitation in naming. Thus,
identification of the cognitive and neural loci of naming experience effects in speech
production remains unclear.
5.2. Experiment 4
Experiment 4 was designed to localize the neural bases of specific stages in
speech production (i.e., semantic vs. lexical processing) while concurrently testing the
effects of naming experience on speech production (i.e., facilitation vs. interference) in
the same group of participants. First, I identified regions of interest (ROIs) sensitive to
semantic vs. lexical processing in a group of participants when they were naming
pictures. After localizing semantic and lexical ROIs, I tested the same group of
participants in an independent naming task (i.e., the priming naming task used in
Experiment 1 with modification), observing how activity in the pre-identified semantic
and lexical ROIs changed depending on semantic relatedness (related vs. unrelated) and
interval between naming occurrences (lag0-facilitation vs. lag2-interference). In sum, I
designed Experiment 4 to allow the localization of the cognitive and neural loci of
semantic facilitation and interference effects in naming.
In Experiment 4, I adopted the parametric fMRI method used in Graves et al.
(2007) and Wilson et al. (2009) to identify the semantic and lexical ROIs. Graves et al.
and Wilson et al. identified brain regions sensitive to semantic and lexical processing by
manipulating variables associated with each type of processing (i.e., concept familiarity
and word frequency). Word frequency, determined by the frequency of occurrence of
words in large language corpora, affects speed and accuracy in picture naming: pictures
where low-frequency names tend to be named more slowly and with more errors by
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healthy and brain-damaged speakers than pictures with high-frequency names (frequency
effect; e.g., Almeida, Knobel, Finkbeiner, & Caramazza, 2007; Dell, 1990; Jescheniak &
Levelt 1994; Kittredge, Dell, Verkuilen, & Schwartz, 2008; Oldfield & Wingfield, 1965;
Navarrete, Basagni, Alario, & Costa, 2006). This frequency effect is thought to reflect
lexical processing10 (e.g., Caramazza, 1997; Dell, 1986; Finocchiaro & Caramazza, 2006;
McClelland & Rumelhart, 1981; Navarrete et al., 2006; Rastle & Coltheart, 1999;
Vitkovitch & Humphreys, 1991; cf. Levelt et al., 1999), which gains support from recent
neuroimaging studies. For example, using the event-related potential (ERP) approach,
Strijkers, Costa and Thierry (2010) found that the ERP component sensitive to the word
frequency effect emerges 180 ms after picture onset, falling within the time window of
lexical processing suggested by meta analyses of speech production studies (Indefrey,
2011; Indefrey & Levelt, 2004). Using the parametric fMRI method, Graves et al. (2007)
and Wilson et al. (2009) found that during picture naming less frequent words elicited
increased activity in the left pTL, demonstrating that word frequency affects BOLD
signal and thus can be used to identify brain regions sensitive for lexical processing
during speech production. In contrast, concept familiarity reflects how familiar a concept
is in a person’s individual experience and is associated with semantic processing
(Lambon Ralph, Graham, Ellis, & Hodges, 1998). In comprehension tasks, patients with
acquired semantic deficits perform better with highly familiar concepts than less familiar
concepts, suggesting that concept familiarity is a good predictor of semantic processing
(e.g., Funnell & De Mornay Davies, 1996; Hirsh & Funnell, 1995; Lambon et al., 1998;

10

Although most agree that lexical frequency does not have a semantic locus in speech production (e.g.,
Wingfield, 1968; Bartram, 1976; Meyer, Sleiderink, & Levelt, 1998), there is debate as to whether
frequency is represented at the lexical or phonological or both levels of processing (e.g., Jescheniak &
Levelt, 1994; Finocchiaro & Caramazza, 2006; Navarrete et al., 2006).
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Rogers, Patterson, Jefferies, & Lambon Ralph, 2015; Woollams, Cooper-Pye, Hodges, &
Patterson, 2008). Although concept familiarity is usually correlated with word frequency,
Bates and colleagues (2001) demonstrated that concept familiarity affects speech
production differently than word frequency. In a multi-factor analysis, they found that
concept familiarity can be split into two components. One is loaded on a lexical
component for picture naming, along with word frequency. Critically, the other
component of concept familiarity is loaded on a semantic component for picture naming,
along with imageability, concreteness and age of acquisition. Correlating concept
familiarity with brain activity during picture naming, Graves et al. (2007) and Wilson et
al. (2009) demonstrated that concept familiarity modulates the BOLD activity in the
bilateral ventral occipitotemporal cortex (OT) extending to the left pTL. When partialling
out word frequency from concept familiarity, Wilson et al. found that activity of a region
in the left pTL increased with lower word frequency, while activity in a separate part of
the left pTL increased with lower concept familiarity. These results suggest that although
concept familiarity is correlated with word frequency, it is also associated with additional
processing (i.e., semantic) in the left pTL, a dissociation detectable with fMRI. Together,
previous studies confirm that 1) different areas within the left pTL are implicated in
semantic and lexical processing; 2) lexically sensitive regions can be identified by word
frequency; and 3) semantically sensitive regions can be identified by concept familiarity
while controlling for word frequency.
After identifying in participants the brain regions which individually respond to
semantic and lexical processing (semantic and lexical ROIs) in a functional localizer
naming task using the parametric fMRI method, I tested how activity in these brain
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regions differs between the related and unrelated conditions during naming when
semantic facilitation and interference occur. I used a similar experimental design as in
Experiment 1, which demonstrated both short-lived facilitation (appearing at lag0) and
long-lasting interference (appearing at lag2). If semantic processing gives rise to both the
facilitation and interference effects during speech production, the brain regions sensitive
to concept familiarity should show a difference in BOLD activity between the related and
unrelated condition in both the lag0 (facilitation) and lag2 (interference) conditions. If
lexical processing is responsible for both the facilitation/interference effects, the brain
regions sensitive to lexical frequency should show a difference in BOLD activity between
the related and unrelated condition in both lag0 (facilitation) and lag2 (interference)
conditions.
5.2.1. Method
Participants
54 right-handed native English speakers from Rice University participated in
Experiment 4. Each gave informed consent in accordance with the Institutional Review
Boards at Rice University. In Experiment 4a, I tested 24 participants (age: mean, 19;
range, 18-23) on the picture-picture priming naming task outside the scanner to see that
semantic facilitation and interference could be detected with the modified experimental
design adopted from Experiment 1 and used in Experiment 4b. Participants in
Experiment 4a received course credit for their participation. In Experiment 4b, using the
same task as Experiment 4a, I tested a separate group of 30 participants inside the
scanner. They were safety-screened and reimbursed in accordance with the Institutional
Review Boards at Rice University. Data from four participants were excluded from
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Experiment 4b: one due to experimenter error, two due to the interruption caused by a
noise cancellation failure of the headphone, and one due to head motion over 2 mm,
resulting in a total of 26 participants with a mean age (and range) of 19 years (18-22).
Materials, Design and Procedure
Functional Localizer Task
In order to identify regions sensitive to semantic and lexical processing, following
Graves et al. (2007) and Wilson et al. (2009), participants named 142 photographs from
the BOSS stimuli set (Brodeur et al., 2014; see Appendix D) and 24 photographs from
online resources11. Stimuli were selected based on variability in both concept familiarity
and word frequency. Concept familiarity of pictures (mean: 4.31, range: 2.86-4.95),
measured on a 5-point scale (1, very unfamiliar and 5, very familiar), was obtained from
norms provided in the BOSS stimuli set (Brodeur et al. 2014). Word frequency was
obtained from The English Lexicon Project (Balota et al., 2007) with log10
transformation (mean: 3.49, range: 1.85-5.27). Different from Graves et al. and Wilson et
al., there was no correlation between concept familiarity and word frequency in my
materials (r = .07, p = .38). The pictures in the functional localizer naming task did not
overlap with the pictures (prime, target or fillers) used in picture-picture priming naming
task (see Appendix E). In the functional localizer naming task, each trial lasted for 2 sec.:
a fixation point (+) was displayed for 500 ms, followed by the picture stimulus for 1000
ms and a blank screen for 500 ms. The inter-trial-interval (ITI) with a display of fixation
point (+) was jittered at 0, 2, or 4 sec. (average = 2 sec.). The ITI was included to
promote stimulus jittering and serve as a baseline for the fMRI data analyses. All trials
were divided equally into two runs per participant. The pictures and jitters were presented
11

In Graves (2007) and Wilson et al. (2009), participants named 156 and 165 pictures respectively,

67
in a randomized order, optimized using the OptSeq script (http://www.surfer.nmr.mgh.
harvard.edu/optseq) and kept the same for all participants. The functional localizer
naming task took 12 minutes with a 1-minute break between two runs.
Picture-picture Priming Naming
In order to compare the neural loci of semantic facilitation and interference in
naming, based on Experiment 1, I generated a new version of the picture-picture priming
task appropriate for the fMRI study. The materials consisted of 52 prime, 52 target and
104 filler pictures from the BOSS stimuli set (Brodeur et al., 2014) and online resources.
All but two semantically related pairs were selected from Experiment 1a (see Appendix
E). Each trial consisted of four pictures: a prime, a target and two filler pictures. In the
lag 0 condition, two fillers were presented before the prime, and the prime and target
were presented adjacently (i.e., filler, filler, prime, target). In the lag 2 condition, two
fillers were inserted between the prime and target (i.e., prime, filler, filler, target). I
manipulated relatedness (related vs. unrelated) and lag (lag0 vs. lag2) as within-subject
and within-item factors to reduce the variance associated with individual differences and
different materials. In this way, each participant named the same picture four times, once
in each condition (related × lag). Each participant completed a total of 208 trials (832
pictures) in this task, divided into 52 trials in each of four runs. In the same run, no
picture appeared twice and there were 13 trials from each of the four conditions (related ×
lag). During the experiment, after a 500 ms fixation point (+), the picture stimulus was
presented for 1000 ms, followed by a 500 ms blank screen, resulting in duration of 8 sec.
for each trial of four pictures. The ITI was jittered to be 0, 2, or 4 sec. (average = 2 sec.)
with a display of fixation point (+). This ITI was included to promote stimulus jittering
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and serve as a baseline in fMRI data analyses. A schematic of a trial in different
conditions is shown in Figure 5.1. The pictures from different conditions and jitters were
presented in a randomized order, optimized using make_random_timing.py
(https://afni.nimh.nih.gov/pub/dist/doc/program_help/make_random_timing.py.html) and
3dDeconvolve (https://afni.nimh.nih.gov/pub/dist/doc/program_help/3dDeconvolve.
html). This task took approximately 38 minutes (with three 1-minute inter-run-intervals).
Concept Familiarity Rating
Considering that 24 picture stimuli in the functional localizer task were not from
the BOSS stimuli set (Brodeur et al., 2014) and concept familiarity may highly depend on
individual experience, participants performed the concept familiarity rating task on the
materials used in the functional localizer task three days before their fMRI experiment.
Following Fiez and Tranel (1997), participants were asked to rate the level to which they
were familiar with the objects on a 5-point scale (1, very unfamiliar and 5, very familiar).
Participants were instructed to rate the concept itself rather than the picture of the object
and encouraged to employ the full range of scale options throughout the set of pictures.
The concept familiarity ratings from participants in Experiment 4b (mean: 4.15, range:
2.69-5) were highly correlated with the concept familiarity ratings from the BOSS norms
(r = .88, p < .001, for the 142 pictures from BOSS), and were not correlated with the
lexical frequency of picture names (r = .07, p = .38).
Participants in Experiment 4a only completed the picture-picture priming task
outside the scanner. Participants in Experiment 4b completed all three tasks introduced
above. The concept familiarity rating task was performed online and the functional
localizer and picture-picture priming naming tasks were performed inside the scanner.
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Figure 5.1 Example of sequential stimuli from a trial across different conditions: relatedness (related vs. unrelated) × lag (lag0
vs. lag2).
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Apparatus
In Experiment 4a, DMDX software (Forster & Forster, 2003) was used to run
experiment and record vocal responses. A microphone headset triggered a voice key to
collect RTs.
In Experiment 4b, Qualtrics survey software (https://riceuniversity.co1.qualtrics.
com/) was used to develop and administer the concept familiarity rating task online. For
the two naming tasks inside the scanner (functional localizer and picture-picture priming
naming), the E-Prime 2.0 software (Psychology Software Tools, Pittsburgh, PA) was
used to program and run experiment. The visual display (i.e., instruction and picture
stimuli) was presented on an LCD panel and back-projected onto a screen positioned at
the front of the magnet. Participants laid down in the scanner and viewed the display on a
mirror positioned above them. The OptoActive active noise cancelling system was used
to reduce the noise during scanning and record the vocal responses.
Data Acquisition
The MRI scanning was performed on a 3T Siemens Trio MRI scanner at Baylor
College of Medicine Core for Advanced Magnetic Resonance Imaging (CAMRI). A 32channel send-receive head coil was used for all structural and functional scanning runs to
minimize echo planar imaging (EPI) distortions in some regions of interest (e.g., anterior
temporal lobes). All participants first underwent one structural scan, followed by a scan
of picture-picture priming naming task and a scan of functional localizer naming task12.
In order to reduce the influence from prior naming experience on the semantic facilitation
and interference effects, the picture-picture priming naming task was run before the

12

After these scans, I also collected a second structural scan and two resting-stating scans to enable the
study of functional connectivity of different brain regions, which are beyond the scope of the current study.
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functional localizer naming task. The high-resolution 3-dimension structural image was
acquired with MPRAGE sequence in the axial plane (repetition time (TR) = 2600 ms,
echo time (TE) = 3.03 ms, flip angle (FA) = 8°, matrix size = 256 × 256, voxel size = 1 ×
1 × 1 mm3) for co-registration and display of the functional data. For the two functional
scans, T2 weighted BOLD data were then collected in the EPI sequence as follows: TR =
2000 ms, TE = 30 ms, FA = 72°, matrix size = 100 × 100, FOV = 160 mm, voxel size = 2
× 2 × 2 mm2. For each volume, 62 2-mm axial slices were collected to cover the
participants’ entire brain. Functional data were collected in four and two runs for the
picture-picture priming and functional localizer naming tasks, respectively. Each run
began with a blank for three TRs (6 sec.) to allow for steady state magnetization.
Spatial Preprocessing
Functional data were spatially preprocessed using the AFNI software package
(Cox, 1996; afni.nimh.nih.gov/afni/). The first 3 EPI volumes were discarded to minimize
effects that distort magnetic equilibrium. Then, the functional data were corrected for
slice timing and head motion using a six-parameter rigid-body transformation. After
motion correction, each participant’s EPI data were aligned to that individual’s highresolution structural image. A 6-mm full-width half-maximum Gaussian kernel was
applied to spatially smooth the aligned functional data. Linear and quadratic trends were
removed from the time series data for each voxel, which was followed by a voxel-based
signal scaling for each run.
Data Analysis
Behavioral Data
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In Experiment 4a, naming responses were scored following the same criteria used
in Experiment 1. Errors included voice key errors, microphone errors, incorrect
responses, and omissions. Only incorrect responses and omissions were entered into the
error analysis. Similar to Experiment 1b, to establish the semantic facilitation and
interference effects, I conducted planned paired t-tests in lag0 and lag2 respectively,
including subjects (t1) and items (t2) as random factors, and relatedness as a fixed withinsubject and within-item factor.
For the fMRI naming experiments in Experiment 4b, in order to score responses
and obtain naming latencies, the noise reduction function in Audacity
(www.audacityteam.org) was used to further remove noise due to scanner activity while
leaving the speech signal intact. After the onset point of the first picture in each run was
manually marked by identifying the sequence noise corresponding to the first picture, the
recording after the onset point in each run was divided into multiple 2-sec. .wav sound
files because the interval between the onset of any two pictures was an integer multiplied
by 2-sec. In this way, the beginning of each .wav sound file corresponded to the onset of
every TR. Because picture stimuli always appeared at the onset of a TR, naming latency
of a trial was the vocal onset of the corresponding .wav sound files. Different from other
experiments in discussed this dissertation, where DMDX software was used to record
RTs, in Experiment 4b a native English speaker transcribed the sound files, extracted the
naming latencies using CheckVocal (Protopapas, 2007) and encoded responses as correct
responses, voice key errors, incorrect responses, or omissions. Only incorrect responses
and omissions were entered into the error analysis. For the functional localizer naming
task, to show the influence of lexical frequency and concept familiarity on picture
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naming, I correlated naming latencies and accuracies with concept familiarity ratings and
lexical frequencies of picture names. The corresponding lexical frequency of the picture
names produced by individuals was used in the parametric analyses of the functional
localizer naming task. For the picture-picture priming naming task, I performed the same
statistical analyses as in Experiment 4a to test for semantic facilitation and interference
effects in naming.
Imaging Data from the Functional Localizer Task
The functional localizer task served to identify the brain regions sensitive to
semantic vs. lexical processing (semantic vs. lexical ROIs). Preprocessed EPI data in the
functional localizer task was analyzed using a general linear model. Specifically, for
every participant, the correct and incorrect trials were coded as separate conditions to
increase statistical power. Every trial was modeled from the onset of the picture with a
duration of 2 sec. Critically, each correct trial was further modeled individually by using
a single parameter model of hemodynamic response function to calculate each
participant’s coefficients maps (β map) as an estimate of activity for each trial. Six head
motion correction parameters were included in the model as covariates. The results
produced by this modeling were projected onto the Talairach space for standardization
(AFNI TT_N27 template) for the second level analyses (i.e., group analyses).
Because I was interested in localizing effects as a result of speech production, I
first identified brain regions involved in picture naming and used these regions as a mask
for subsequent analyses. To do so, I compared the β map in the correct picture naming
condition vs. fixation across all participants. The threshold of this comparison was set to
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uncorrected voxel-level p < .01 to ensure that as many as regions involved in picture
naming would be entered into the following analyses.
Within the picture naming regions, where the brain activity was increased for
picture vs. fixation, I further identified regions sensitive to semantic and lexical
processing. Specifically, to identify the regions sensitive to semantic processing (i.e.,
semantic ROIs), I correlated each participant’s β maps with concept familiarity across
trials while regressing out word frequency to create a correlation coefficient map (r map).
For normalization purposes, Fisher z transformations were conducted for each
participant’s r map to obtain a z map. To identify the regions showing significant
correlation with concept familiarity across the group of participants, I conducted a onesample t-test on the individual z maps to see which brain regions’ correlation with
concept familiarity was significantly higher than zero. Similarly, to identify the regions
sensitive to lexical processing (i.e., lexical ROIs), word frequency was correlated with β
map to get r maps for lexical processing. After applying Fisher z transformations to the r
maps, the obtained z maps were entered into a one sample t-test to calculate which brain
regions within the picture naming regions showing significantly correlation with lexical
frequency. To correct for multiple comparisons, I used a minimum cluster size of 56
voxels to obtain a corrected threshold of p < 0.05 at the cluster level (voxel level p <
0.01, uncorrected) as was computed with Monte Carlo simulation using 3dClustSim in
AFNI software package (https://afni.nimh.nih.gov/pub/dist/doc/program_help/
3dClustSim.html).
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Imaging Data from the Picture-picture Priming Task
The preprocessed data in the picture-picture priming naming task were analyzed
using the general linear model similar to de Zubicaray et al. (2006). Each condition of
interest (i.e., lag0 related, lag0 unrelated, lag2 related, and lag2 unrelated) was treated as
a regressor. Each trial with four pictures was modeled from the onset of the first picture
with the duration of 8 sec., by using a single parameter model of hemodynamic response
function. Six head motion correction parameters were also included in the model as
covariates to account for head motion. As a result, for each participant I created a β map
as an estimate of brain activity in each condition of interest compared to the jitter
fixation. In order to conduct the ROI analyses to localize semantic facilitation and
interference during speech production, first I projected every participant’s β map from
their individual space to the Talairach space for standardization (AFNI TT_N27
template). Then, in each semantic and lexical ROI identified by the functional localizer
task, I averaged the coefficients for each condition of interest across voxels within each
ROI, so that for every participant I had four averaged coefficients in each ROI: two for
the lag0 condition (related and unrelated) and two for the lag2 condition (related and
unrelated). To explore whether semantic processing gives rise to the semantic facilitation
and/or interference effects, I tested whether the semantic regions identified by correlation
with concept familiarity were sensitive to the semantic relatedness in lag0 (facilitation)
and lag2 (interference). Specifically, I conducted paired sample t-tests in the semantic
ROIs to see whether activity in those ROIs demonstrated a significant difference between
the related vs. unrelated condition in lag0 and lag2, respectively. I also conducted paired
sample t-tests in the lexical ROIs to see whether activity in those ROIs demonstrated a
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significant difference between the related vs. unrelated condition in lag0 and lag2,
respectively.
5.2.2. Results
Behavioral Data
Picture-picture Priming Naming
Following the same error criteria as Experiment 1, 3.0% and 5.6% of the response
times were removed from analyses in Experiments 4a and 4b, respectively. Figure 5.2
shows mean naming latencies for Experiments 4a and 4b across the semantically
related/unrelated and lag0/lag2 conditions with 95% confidence intervals (CI). For both
experiments, planned t-tests revealed facilitation (Experiment 4a: facilitation effect = 30
ms, 95% CI: 18-42 ms; Experiment 4b: facilitation effect = 13 ms, 95% CI: 4-21 ms) in
lag0 (Experiment 4a: t1(23) = 5.22, p < .001; t2(51) = 2.66 p = .01; Experiment 4b: t1(25)
= 3.21, p = .004; t2(51) = 1.59, p = .12), and interference (Experiment 4a: interference
effect = 26 ms, 95% CI: 19-33 ms; Experiment 4b: interference effect = 24 ms, 95% CI:
14-34 ms) in lag2 (Experiment 4a: t1(23) = 7.27, p < .001; t2(51) = 2.05, p = .04;
Experiment 4b: t1(27) = 4.94, p < .001; t2(51) = 2.98, p = .004). These results replicated
the findings in Experiment 1, showing that past naming experience exerts a different
influence on future naming depending on the interval between two naming occurrences.
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Figure 5.2 Mean response times for naming target pictures in different conditions in
Experiments 4a and 4b. The error bars represent 95% confidence intervals.

Functional Localizer Naming Task
Table 5.1 summarizes the distribution of concept familiarity, lexical frequency,
naming latencies and accuracies associated with the 166 items used in the functional
localizer task. The mean naming accuracy across participants was 91% (SD=5%; range
80 –97%). The mean RT across subjects was 822 ms (SD = 82 ms; range 675 – 980 ms).
Because concept familiarity and lexical frequency are thought to reflect semantic and
lexical processing during naming, they should be correlated with naming performance
(RT and accuracy). To verify the contribution of concept familiarity and lexical
frequency to naming, I performed pairwise correlations between concept familiarity,
lexical frequency, and naming performance (RT and accuracy). As shown in Figure 5.3,
all pairwise correlations were significant (p’s < .05) except the correlation between
lexical frequency and concept familiarity (p = .36). Specifically, items with higher
accuracy were named more quickly. In addition, both accuracy and RT were predicted by
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concept familiarity and lexical frequency associated with pictures. Less familiarity or less
frequent pictures were named more slowly with less accuracy. Because estimates of
concept familiarity and lexical frequency did not correlate with each other, this suggests
that these factors contributed independently to naming performance.

Table 5.1 Characteristics of the stimuli used in the functional localizer naming task.
Variables associated with the 166 pictures, with mean, range and standard deviation
calculated across items.
Concept Familiarity

Lexical Frequency

RT

Accuracy

(1-5)

(Log10 HAL frequency)

(ms)

(%)

Mean

4.15

3.49

825

90

Min

2.69

1.85

616

59

Max

5.00

5.27

1036

100

SD

0.50

0.68

80

11

Lexical Frequency

79
r = .07
p = .36
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Figure 5.3 Pairwise correlations between the four variables in the functional localizer naming task: concept familiarity, lexical
frequency, response time (RT) and accuracy. Correlation coefficients and significance are shown. All correlations were
significant except for that between concept familiarity and lexical frequency.
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Imaging Data
Functional Localizer Naming Task
Figure 5.4 and Table 5.2 summarize the results for the functional localizer naming
task. Comparison of all correctly named pictures with fixation baseline resulted in two
networks of distributed regions. The picture naming network showing more activity for
pictures consisted of the following regions: the left inferior frontal gyrus, bilateral
pre/postcentral gyri (Pre/PoCG), superior medial frontal gyri (SMFG), fusiform gyri
(FG), occipitotemporal (OT) cortices and posterior portion of inferior temporal (IT)
cortices, extending to anterior temporal lobes (ATL) (shown as orange regions in Figure
5.4). This network is consistent with previous functional neuroimaging studies of picture
naming (e.g., Krishnan, Leech, Mercure, Lloyd-Fox & Dick, 2014; Murtha, Chertkow,
Beauregard, & Evans, 1999; Price, 2010). The other network consisted of regions
showing decreased activity for pictures, including bilateral posterior cingulate cortices,
temporoparietal junctions and anterior middle and superior temporal gyri (shown as blue
regions in Figure 5.4). This deactivated network is consistent with the so-called default
mode network, which has been observed to be deactivated during task performance (see
Raichle, 2015 for review). In this study, I restricted analyses in the picture naming
network, which showed more activity for pictures vs. fixations. Within this picture
naming network, a small number of regions were involved in semantic and lexical
processing, as shown by a correlation with concept familiarity and lexical frequency,
respectively. Specifically, brain regions involved in semantic processing were identified
in the inferior temporal lobes bilaterally (i.e., posterior FG and ventral ATL regions, see
blue regions in Figure 5.5), SMFG and PreCG, as less familiar objects led to increased
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activity in these regions. Brain regions involved in lexical processing were identified in
bilateral OT/IT cortices (see yellow regions in Figure 5.5) and Pre/PoCG, as less frequent
names led to increased activity in these regions. Activity in no region showed a positive
correlation with these two variables. Regions sensitive to concept familiarity and lexical
frequency did not overlap, although some were adjacent. A complete listing of Talairach
coordinates for the centers of mass of the results from the parametric analyses is provided
in Table 5.2.

Left

Right
Fixation

10-8

Picture

10-2 10-2

Left

10-8

Right

Figure 5.4 Whole-brain activity maps comparing correctly named picture trials with
fixation. The color scale reflects the p value. Orange indicates more activity for picture
naming relative to fixation (p <.01, uncorrected). Blue indicates more activity for fixation
relative to picture naming (p < .01, uncorrected).
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Table 5.2 Brain regions associated with concept familiarity and lexical frequency and their sensitivity to semantic facilitation and
interference in naming. Centers of mass (Talairach & Tournoux, 1988), number of voxels and statistics with semantic relatedness
effects (related vs. unrelated) in lag0 (facilitation) and lag2 (interference) are listed. Significant semantic relatedness effects are
underlined (p < .05).

Parameters

Concept
Familiarity

Lexical
Frequency

Regions

Talairach
Coordinates

Number of
voxels

Left pFG1
Left pFG2
Right pFG
Left ATL

114
96
352
141

x
-39
-37
41
-29

Right ATL
SMFG
Left PreCG
Left ITG
Right OT
Left Pre/PoCG
Right Pre/PoCG

111
340
141
62
565
525
168

29
-3
-43
-45
15
-53
67

y
-61
-37
-67
-5

z
-20
-24
-16
-38

3
19
1
-62
-75
-3
-3

-40
40
32
-9
-26
20
22

Related-Unrelated
(df = 25)
Lag0
Lag2
t,p
t,p
-2.66, .01
2.70, .01
1.58, .13
-2.68, .01
2.50, .02
-3.48, .002
.63, .53
-2.32, .03
1.01, .32
-3.30, .003
N/A
N/A
2.00, .06
-4.11, <.001
1.05, .31
-3.49, .002
N/A
N/A

Abbreviations: ATL, anterior temporal lobe; ITG, inferior temporal gyrus; OT, occipitotemporal junction; pFG, posterior fusiform
gyrus; PoCG, postcentral gyrus; PreCG, precentral gyrus; SMFG, superior medial frontal gyrus; df, degrees of freedom of paired t-test;
t, t value from paired t-test; p, p value from paired t-test.
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Figure 5.5 Semantic relatedness effects in semantic and lexical ROIs. Maps display
regions where increased activity negatively correlated with concept familiarity (semantic
ROIs: blue) and lexical frequency (lexical ROIs: yellow). Bar charts display the
differences in BOLD signal change between the related and unrelated condition in lag0
(facilitation) and lag2 (interference), respectively. * p < 0.05; ** p < 0.01. Error bars
represent 95% confidence intervals. ATL, anterior temporal lobe; ITG, inferior temporal
gyrus; OT, occipitotemporal cortex; pFG, posterior fusiform gyrus.
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Picture-picture Priming Naming
To test whether semantic and/or lexical processing gives rise to semantic
facilitation/interference, I restricted fMRI analyses of picture-picture priming naming to
semantic and lexical ROIs identified by the functional localizer task within the bilateral
temporal lobes (Figure 5.5), because it is generally accepted that semantic and lexical
representations are subserved by regions within the temporal lobes (e.g., Baldoa et al.,
2013; Binder & Desai, 2011; DeLeon et al., 2007; Hickok & Poeppel, 2007; Indefrey &
Levelt, 2004; Martin, 2007). As shown in Figure 5.5, when target pictures were presented
adjacently (the lag0 condition which created facilitation), activity of posterior FG
semantic ROIs (i.e., left pFG1and right pFG shown in blue) was higher in the related vs.
unrelated condition13. When target pictures were named separated by two unrelated
pictures (the lag2 condition which created interference) the pattern reversed: activity in
all semantic ROIs (i.e., left pFG1and2, right pFG, and bilateral ATLs shown in blue) and
lexical ROIs (i.e., left ITG and right OT shown in yellow) was lower in the related vs.
unrelated condition (also see Table 5.2).
5.3. Discussion
Experiment 4 was designed to test the semantic vs. lexical locus of semantic
facilitation and interference in naming by identifying the neural bases of these two effects
in a picture-picture priming naming task. To this end, first regions of interest (ROIs)
subserving semantic and lexical processing were identified as brain regions where
increased activity was negatively correlated with concept familiarity and lexical

13

As shown in Table 5.2, BOLD activity in the left IT region was marginally significantly higher in the
related vs. unrelated condition in lag0. The difference in BOLD activity between the related vs. unrelated
condition in the left IT region was not significantly different from that in posterior FG regions (t’s <1),
which showed significantly higher BOLD activity in the related vs. unrelated condition in lag0.
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frequency, respectively. The semantic ROIs were found in the bilateral inferior temporal
lobes, while the lexical ROIs were found in left posterior temporal gyrus and right
occipitotemporal cortex. Then, within these semantic and lexical ROIs, I contrasted the
brain activity when participants named pictures in the related vs. unrelated condition in
the lag0 and lag2 conditions, respectively. The results revealed that for lag0, where
semantic facilitation was observed, only semantic ROIs in posterior inferior temporal
regions (bilateral pFG regions) showed stronger activity in the related vs. unrelated
condition, suggesting a semantic locus of the facilitation effect in naming. In contrast, for
lag2 where semantic interference was found, all semantic and lexical ROIs showed
weaker activity in the related vs. unrelated condition, suggesting both semantic and
lexical loci of the interference effect in naming.
Below I first discuss the cognitive role of the ROIs identified by the parametric
analyses in speech production and then discuss how different activity patterns in these
ROIs between lag0 and lag2 enlighten us about the locus of semantic facilitation and
interference in speech production.
5.3.1. Cognitive Role of ROIs identified in Functional Localizer Naming
ROIs Identified by Concept Familiarity
According to the speech production model of Levelt et al. (1999), concept
familiarity is assumed to modulate the prelinguistic stage of conceptual processing. In
this study, less familiar pictures led to greater activity in two sub-regions along the
inferior temporal lobes bilaterally: posterior FG and ventral ATL, suggesting those
regions are involved in semantic processing. This pattern of results of an association
between bilateral posterior FG regions and concept familiarity has been reported in

86
previous studies. Using the same parametric fMRI design, Graves et al. (2007) and
Wilson et al. (2009) also observed a negative correlation between activity in the posterior
FG and concept familiarity. Similarly but with different experimental approaches,
reduced activity in posterior FG regions for more familiar stimuli has also been reported
elsewhere (Chao, Weisberg, & Martin, 2002; van Turennout, Bielamowicz, & Martin,
2003; van Turennout, Ellmore, & Martin, 2000). A role for those posterior FG regions in
semantic processing is broadly conceived, given that these regions are reliably activated
in tasks requiring semantic processing (see Binder, Desai, Graves, & Conant, 2009;
Martin, 2007 for reviews).
Different from Graves et al. (2007) and Wilson et al. (2009), I observed that
concept familiarity also negatively correlated with bilateral ventral portions of the ATLs
in addition to the posterior FG regions. Damage to the ATLs frequently results in loss of
semantic knowledge with a relative sparing of most other cognitive domains (e.g.,
semantic dementia, Warrington, 1975; Hodges, Patterson, Oxbury, & Funnell, 1992;
Mummery, Patterson, Price, Ashburner, Frackowiak, & Hodges et al. 2000; Jefferies &
Lambon Ralph 2006; see Patterson et al., 2007 for review). This suggests that the ATLs
are critical for semantic representations. However, fMRI studies of healthy participants
do not consistently show ATL activity during tasks requiring semantic processing
(Visser, Jefferies, & Lambon Ralph, 2009). Due to discrepancies in the magnetic
susceptibility across different tissue types, the fMRI signal is distorted near air-filled
cavities, which can result in a loss of signal from the ATLs and difficulty in detecting
signal change. In the current study, I used a 32-channel send-receive head coil to
minimize EPI distortions in the ATLs and made sure that field of view was big enough to
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cover the bilateral ATLs in the functional scans. These improvements in my study may
potentially explain why ATLs were present here but absent in previous fMRI studies
including Greaves et al. (2007) and Wilson et al. (2009).
ROIs Identified by Lexical Frequency
As reviewed in the Introduction, lexical frequency has been assumed to index
lexical processing during speech production (Caramazza, 1997; Dell, 1986; Finocchiaro
& Caramazza, 2006; McClelland & Rumelhart, 1981; Navarrete, Basagni, Alario, &
Costa, 2006; Rastle & Coltheart, 1999; Vitkovitch & Humphreys, 1991). I found that
lexical frequency modulated brain activity in the left posterior IT and right ventral OT
regions. Increased activity in the left posterior IT region for less frequent words has been
reported in previous parametric fMRI studies using picture naming (Graves et al., 2007;
Wilson et al., 2009) and word reading (Hauk et al., 2008; Kronbichler et al., 2004).
Graves et al. (2007) and Wilson et al. (2009) concluded that this left posterior IT region is
involved in lexical selection and/or representation of lemmas. Of note, the left posterior
IT region observed here (center coordinates, x = −45, y = −62, z = −9) was very close to
the classical visual word form area (VWFA) location (Cohen et al., 2000: x = −43,
y = −54, z = −12) with an Euclidean distance of only 9 mm. The VWFA was originally
proposed to host abstract orthographic representations associated with written words
(Cohen & Dehaene, 2004; Dehaene et al., 2002, 2005). Most recently, a growing body of
evidence suggests that VWFA is not specialized for the processing of visual word forms
(See Price & Devlin, 2011 for review). For example, the VWFA was not only activated in
word reading but also in a variety of tasks involving lexical retrieval, such as naming
colors, naming pictures, reading Braille, and repeating auditory words (Price & Devlin,
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2003). Moreover, the VWFA was similarly activated when target words were preceded
by masked written word primes or by masked picture primes, indicating that activity in
the VWFA was modulated by higher-order representations (e.g., semantics) other than
the orthographic representation of written words (Kherif, Josse & Price, 2011). As such,
it has been proposed that the posterior IT region acts as an interface area between sensory
input (i.e., word forms) and higher-level representations (i.e., semantic information, Price
and Devlin, 2011), and thus it hosts lexical representations (Glezer, Jiang, & Riesenhuber,
2009; Kronbichler et al., 2004, 2007, 2009; Ludersdorfer, Schurz, Richlan, Kronbichler,
& Wimmer, 2013; Schurz et al., 2014). On the basis of this evidence, in line with Graves
et al. (2007) and Wilson et al. (2009), I suggest that the left posterior IT region identified
by lexical frequency here is involved in lexical processing during speech production.
Another region negatively correlated with lexical frequency was the right ventral
OT region. Different from the left IT region, this region has been linked to perceptual
identification processing of visual stimuli rather than lexical processing (e.g., Lee, 2004;
Tan et al., 2003). This region is also located in the ventral visual stream and responds
preferentially to visual vs. auditory words (Ludersdorfer, Schurz, Richlan, Kronbichler,
& Wimmer, 2013; Newman & Twieg, 2001). The right ventral OT region is extensively
activated by visual stimuli regardless of task (e.g., decide whether a line drawing is a real
object, or whether it is appropriately colored, or whether it is a part of modern world;
Kellenbach, Hovius, & Patterson, 2005), format of the stimuli (word vs. picture,
Bookheimer, Zeffiro, Blaxton, Gaillard, & Theodore, 1995), but its activity does not
differ regardless of whether the stimulus is a real or a pseudo word (Howard, Patterson,
Wise, Brown, Friston, Weiller, & Frackowiak, 1992; Vigneau, Jobard, Mazoyer, &
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Tzourio-Mazoyer, 2005). This insensitivity to higher-order information (e.g., semantics)
in the right ventral OT region suggests that it is only involved in lower-order visual
processing (Kellenbach et al., 2005). Then the question is why the activity in this region
was correlated with the higher-order variable - lexical frequency in my study. One
potential explanation is that activity in the right ventral OT region is not modulated by
lexical frequency per se, but by activity in the left posterior IT region. Previous studies
show that the right ventral OT region and the left posterior IT region/VWFA are
functionally connected, as revealed by similar activity pattern between these two regions
across time (Koyama, Kelly, Shehzad, Penesetti, Castellanos, & Milham, 2010; Wang,
Caramazza, Peelen, Han, & Bi, 2015). Thus, it is possible that when lexical frequency
words modulated activity in the left posterior IT region, the change of activity in the left
posterior IT further affected the activity in the right ventral OT, resulting in a correlation
between lexical frequency and activity in the right ventral OT. Based on these
considerations, I suggest that the right OT region is responsible for visual perception
rather than lexical retrieval during speech production although understanding the specific
role of this region in picture naming will require future work.
Graves et al. (2007) and Wilson et al. (2009) found that activity in the left
posterior superior temporal gyrus (STG) was negatively correlated with lexical frequency.
Although the frequency effect is generally thought to index lexical processing
(Caramazza, 1997; Dell, 1986; Finocchiaro & Caramazza, 2006; McClelland &
Rumelhart, 1981; Navarrete et al., 2006; Rastle & Coltheart, 1999; Vitkovitch &
Humphreys, 1991), it is likely that lexical frequency affects multiple levels in the
language system, such as phonological code retrieval (Jescheniak & Levelt, 1994).
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Because the left posterior STG has been suggested in other studies to be involved in
phonological retrieval and/or encoding (e.g., Damasio & Damasio, 1980; de Zubicaray et
al., 2002; Hickok & Poeppel, 2007), Graves et al. (2007) and Wilson et al. (2009)
concluded that the left posterior STG associated with lexical frequency is actually
responsible for phonological but not lexical processing. Because this region did not show
significantly higher activity for pictures vs. fixations (see Figure 5.4), I did not include
this region in the parametric analysis of my studies. Graves et al. (2007) and Wilson et al.
(2009) did not set this criterion in their studies, so I also applied the parametric analysis
to the whole brain to see if the left posterior STG showed up. However, even when I
lowered the threshold down to uncorrected voxel-level p < .10, no voxel in the left
posterior STG was negatively correlated with lexical frequency. Given that we used
similar experimental design and analysis method, it is unclear why they observed the
association between the left posterior STG activity and lexical frequency but I did not.
Because the aim of the functional localizer task in the current study was to specify
semantic and lexical regions, the failure to identify the left posterior STG seems not to
threaten subsequent analyses, given its likely phonological role during speech production.
Taken together, using parametric fMRI I successfully identified semantic and
lexical regions implicated in previous studies: semantic ROIs in the bilateral anterior and
posterior inferior temporal lobes and a lexical ROI in the posterior inferior temporal
gyrus. In the following section, based on the semantic relatedness effects within these
semantic and lexical ROIs, I discuss the loci of semantic facilitation and interference in
naming.
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5.3.2. Loci of Semantic Facilitation and Interference in Naming
Replicating Experiment 1, the behavioral data in Experiment 4 showed that
picture naming was affected differently when semantically related pictures were named
adjacently (lag0) or interleaved by two unrelated pictures (lag2): naming was speeded up
by semantic relatedness in lag0 (facilitation) and slowed down in lag2 (interference). To
specify the cognitive loci of these facilitation and interference effects, for each lag
condition I contrasted the brain activity in the related vs. unrelated condition within the
semantic and lexical ROIs identified by concept familiarity and lexical frequency. For
lag0 (facilitation), semantic ROIs in bilateral posterior FG regions showed increased
activity in the related vs. unrelated condition, suggesting a semantic locus of facilitation
effect in naming. For lag2 (interference), all semantic and lexical ROIs in the temporal
lobes showed decreased activity in the related vs. unrelated condition, suggesting both
semantic and lexical loci of interference in naming.
Semantic Locus of Facilitation
Although to my knowledge no study has examined the neural basis of semantic
facilitation in picture naming, a large body of work has identified the brain regions
responsible for semantic facilitation observed in other tasks. Specifically, the left
posterior FG has been reported to show differential activity when the prime word was
semantically related vs. unrelated with the target in word reading (e.g., Wheatley,
Weisberg, Beauchamp & Martin, 2005) and in lexical decision (e.g., Gold, Balota, Jones,
Powell, Smith, & Andersen, 2006). This region could correspond to either the left pFG
semantic ROIs or the left pIT lexical ROI, given the proximity of these ROIs. In lag0
where semantic facilitation was found, I observed significant semantic related effects in
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pFG semantic ROIs, suggesting that the semantic level of processing gives rise to the
facilitation effect in naming. Thus, the findings here not only provide converging
evidence that the posterior FG is involved in semantic priming but further suggest a
semantic locus of facilitation in naming (e.g., Damian & Als, 2005; Lupker, 1988).
Semantic and Lexical Loci of Semantic Interference
Several neuroimaging studies have explored the neural basis of the interference
effects across different naming tasks (de Zubicaray et al., 2006; 2013; 2014; Schnur et al.,
2009). In those tasks where semantic interference is found, one region that has been
reported to show sensitivity to semantic relatedness is the left posterior inferior temporal
lobe14. For example, in semantic blocked naming, participants named pictures in related
(pictures from the same category) and unrelated conditions (pictures from different
categories; e.g., Schnur et al., 2006). de Zubicaray et al. (2014) found that a region in the
left posterior inferior temporal lobe showed decreased activity when pictures were named
in the related vs. unrelated condition. This region was also evident when participants
named a picture after responding to a semantically related vs. unrelated definition (de
Zubicaray et al., 2006) and it showed increased activity as each exemplar from the same
category was named in continuous picture naming (de Zubicaray et al., 2013). Consistent
with those results, I found that in lag2, where semantic interference was observed,
activity differences between the related and unrelated condition were significant in ROIs
in the left posterior inferior temporal lobe, including the left pFG ROIs and the left pITG

14

Another region in the posterior temporal lobe that consistently shows sensitivity to semantic interference
in different naming tasks is the posterior middle temporal gyrus (e.g., de Zubicaray et al., 2006; 2014;
Schnur et al., 2009). This region’s activity was not correlated with concept familiarity or lexical frequency
in the functional localizer task here and recent studies suggest that this region plays a role in semantic
control rather than semantic or lexical representations (see Jefferies, 2013 for review). As such, I do not
discuss it further.
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ROI. Different from previous studies, in addition to the posterior inferior temporal lobe,
the ventral ATL ROIs also showed differential activity between the related and related
condition in lag2 (interference). As mentioned before, the lack of semantic interference
effect in ATL may be due to distorted signal of ATL in those studies. Because ventral
ATLs and left pFG ROIs were involved in semantic processing (concept familiarity) and
the left pIT ROI was involved in lexical processing (lexical frequency) in the functional
localizer task, the results suggest that both semantic and lexical processing gives rise to
the interference effect in naming.
The semantic locus of interference is in line with the interference effects found in
comprehension (Experiment 3 – Wei & Schnur, 2016; Biegler et al., 2008; Campanella &
Shallice, 2011), but inconsistent with a sole lexical locus suggested by most speech
production studies (e.g., Belke, 2013; Damian et al., 2001; Damian & Als, 2005) and
models of speech production (Howard et al., 2006; Oppenheim et al., 2010). The
motivation to reject a semantic locus of interference in naming was based on evidence
that semantic interference did not appear in direction judgment (Damian et al., 2001) and
categorization (Belke, 2013), tasks designed to tap semantic processing without lexical
involvement. As pointed out in Experiment 3, these tasks do not require participants to
access fine-grained semantic information to distinguish between semantically related
exemplars, in contrast to picture naming. Thus, the semantic processing tapped in these
tasks may be different from that in naming. In Experiment 3, using an associate matching
task where access to distinguishing semantic information of a picture is necessary, we
found similar semantic interference effects as in picture naming, suggesting that semantic
processing can give rise to interference in comprehension. To extend this finding to
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speech production, this fMRI experiment directly showed that semantic regions identified
by concept familiarity were sensitive to semantic interference in naming, demonstrating
semantic interference can occur at the semantic level of processing during naming. In
addition, lexical regions identified by lexical frequency were also sensitive the semantic
interference, further confirming a lexical locus of interference in naming.
In sum, to specify the semantic vs. lexical locus of semantic facilitation and
interference in naming, I conducted an fMRI study using the same experimental design as
Experiment 1 along with a functional localizer task. To better identify the cognitive role
of brain regions in naming, in the functional localizer task I correlated brain activity with
concept familiarity and lexical frequency to define semantic and lexical ROIs
respectively. Then I contrasted activity between the related and unrelated condition in
each ROI. The results showed that 1) the semantic ROIs in the pFG regions were
sensitive to semantic relatedness in lag0, which created facilitation, suggesting a semantic
locus of facilitation in naming; and 2) all semantic and lexical ROIs identified in the
functional localizer task were sensitive to semantic relatedness in lag2, which created
interference, suggesting that semantic interference occurs at both semantic and lexical
levels of processing in naming.
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Chapter 6: Summary and Discussion
In this final chapter, I first present a summary of the empirical findings presented
in this dissertation. Then I discuss the implications of this work for speech production
models and lay out a proposal of how semantic facilitation and interference effects occur
in naming. Finally, I outline future directions that follow from this dissertation.
6.1. Summary of Findings
The goal of this dissertation was to understand how speech production is affected
by past speech. I conducted four experiments to investigate the influence of past
semantically related naming experience on future speech. In these experiments, I asked
the following two questions.
1. If we have previously named something semantically related to what are currently
naming, what (if any) is its influence on current naming?
2. At which level(s) in the speech production system do any such influences arise?
In Experiment 1 (Chapter 2) I manipulated the number of intervening trials (lag0
vs. lag2) between naming of semantically related pictures. The results showed that past
naming of semantically related pictures has two temporally distinct effects on future
naming. When two pictures were named adjacently (lag0), naming (e.g., DOG) was
facilitated by having previously named a semantically related (e.g., CAT) vs. an unrelated
picture (e.g., VASE). Conversely, when two pictures were separated by two unrelated
pictures (lag2), naming (e.g., DOG) was impeded by having previously named a
semantically related (e.g., CAT) vs. an unrelated picture (e.g., VASE). I argue that this
opposite pattern of semantic relatedness effects suggests that previous naming experience
results in both short-lived facilitation and relatively long-lasting interference. I used three
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experiments to localize these semantic relatedness effects (i.e., semantic facilitation and
interference) during speech production using both behavioral (Chapters 3 and 4 Experiments 2 and 3) and neuroimaging (Chapter 5 - Experiment 4) approaches. In
Experiment 2 (Chapter 3), I examined the locus of semantic facilitation by testing
whether semantic facilitation arises at the visual input or semantic or both levels of
processing. The result indicated that semantic facilitation in naming is not due to visual
input but higher order (e.g., semantic/lexical) processing, as picture naming performance
was facilitated to the same extent whether the prime was displayed as a picture or a word.
In Experiment 3 (Chapter 4), I explored the potential locus (semantic vs. lexical) of
semantic interference by testing whether semantic processing alone can cause
interference. Participants identified which picture in an array had the strongest
association with a probe (either a picture or a word). The results revealed similar
interference effects to those found in previous naming studies, as participants were
slower to select the correct picture if the probe in the current trial was semantically
related to the probe in a previous trial. In addition, this interference effect was not
reduced by number of intervening trials, suggesting that it is long-lasting. These findings
demonstrate that semantic interference effects similar to those in naming paradigms can
occur in comprehension alone. Moreover, that the interference effect was unaffected by
the presentation modality of the probes (word vs. pictures) suggested that semantic
interference in comprehension emerges at the semantic level of processing instead of
visual input level. Given that comprehension and naming share the same semantic system
(e.g., Levelt et al., 1999; Rogers et al., 2004), the results from Experiment 3 suggest that
long-lasting semantic interference in naming also has a semantic locus. In order to further
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investigate the locus (semantic vs. lexical) of semantic facilitation and interference in
naming, Experiment 4 used fMRI to seek converging evidence for the semantic locus of
facilitation and interference effects in naming and determine whether these two semantic
relatedness effects may have an additional lexical locus. In this fMRI experiment, using a
similar design as in Experiment 1, I manipulated the semantic relatedness (related vs.
unrelated) and the number of intervening trials (lag0 vs. lag2) between two named
pictures. The results showed that brain regions involved in semantic processing
demonstrated a different degree of activity when participants named semantically related
vs. unrelated pictures in both the lag0 (facilitation) and lag2 (interference) conditions,
confirming a semantic locus of facilitation and interference in naming. Moreover, brain
regions involved in lexical processing only showed activity difference between the
related and unrelated condition in the lag2 (interference) condition, suggesting that the
lexical level of processing is also a locus of semantic interference in naming.
Altogether, my dissertation established that two effects can result from
semantically related naming experience: a short-lived facilitation effect (at the semantic
level) and a long-lasting interference effect (at both the semantic and lexical levels). The
results from the experiments presented here provide evidence from both behavioral and
neuroimaging perspectives to conclude that the facilitation effect in naming occurs at the
semantic level, while the interference effect occurs at both semantic and lexical levels of
processing. In the remainder of this chapter I consider the implications of these findings
on our understanding of speech production and future directions to further investigate the
dynamic nature of the language system.
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6.2. Implications for Speech Production Models
The finding that semantic interference in naming occurs at both semantic and
lexical levels of processing has implications for our understanding of how speech
production proceeds. As reviewed in Chapter 1, two computational models of speech
production have been proposed to account for semantic interference effects in naming
(Howard et al., 2006; Oppenheim et al., 2010). Both models attribute semantic
interference in naming to connection weight changes in the language system between
semantic and lexical representations (i.e., lexical-semantic connections), although they
diverge in how exactly the connection weight changes occur (only strengthening vs.
strengthening and weakening). The assumption of lexical-semantic connection weight
changes generates two predictions regarding semantic interference in naming. First,
interference should be long-lasting, because the connection weight changes are assumed
to be relatively persistent (e.g., Damian & Als, 2005; Howard et al., 2006; Oppenheim et
al., 2006). Second, interference should have a sole lexical locus, because the lexicalsemantic connection weight changes only affect the activation as it flows from the
semantic to lexical level during speech production. In line with the first prediction,
previous studies demonstrate that semantic interference in naming is not reduced by
intervening trials between semantically related pictures (e.g., Belke, 2013; Damian &
Als, 2005; Howard et al., 2006; Navarrete et al., 2008) and in this dissertation I
consistently observed semantic interference when semantically related pictures were
interleaved by two unrelated pictures (lag2 conditions in Experiments 1 and 4),
suggesting that semantic interference in naming is long-lasting. However, inconsistent
with the second prediction (i.e., a sole lexical locus of semantic interference), the results
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from this dissertation (along with those from previous studies, e.g., Biegler et al., 2008;
Campanella & Shallice, 2011; Wei & Schnur, 2016) suggest that semantic interference in
naming has a semantic locus in addition to a lexical locus. Specifically, in Experiment 4,
I found that both semantic and lexical brain regions were sensitive to semantic
interference, suggesting that semantic interference in naming occurs at both semantic and
lexical levels of processing. In addition, the semantic locus of interference is in line with
the interference effects observed in comprehension tasks (Experiment 3 -Wei & Schnur,
2016; also see Biegler et al., 2008; Campanella & Shallice, 2011). Taken together, the
findings in this dissertation and previous studies provide further evidence that semantic
interference in naming can be accounted for through connection weight changes, but
contrary to what is assumed by existing models of speech production (Howard et al.,
2006; Oppenheim et al., 2010), the findings in this dissertation indicate that the lexical
level of processing is not the sole locus of semantic interference effects in naming.
In light of these findings, how might the existing models of speech production be
revised to accommodate findings of long-lasting interference effects at both semantic and
lexical levels of processing? One straightforward option would be to apply the connection
weight changes to the semantic system in addition to lexical-semantic connections. As
noted by Belke (2013), speech production models usually oversimplify the semantic
processes that occur during naming, which renders it difficult to interpret the effects that
occur at the semantic level of processing. In this case, one way to understand how
interference in naming occurs at the semantic level is to consider models of semantic
memory which are more elaborated with regards to the organization and processing at the
semantic level.
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How semantic memory is represented has been studied for a long time and
recently growing evidence suggests that our brain represents semantic memory in a “huband-spoke” manner (see Jefferies, 2013; Patterson et al., 2007 for reviews), which
provides a framework to account for the semantic relatedness effects at the semantic
level. It has been well accepted that semantic features from different modalities (e.g.,
visual, motor, tactile) are an important component to represent conceptual knowledge
(e.g., Barsalou, 1999; Gallese & Lakoff, 2005; Kiefer & Pulvermüller 2012; Martin 2007;
McRae, de Sa, & Seidenberg, 1997; Rips, Shoben, & Smith, 1973). The “hub-and-spoke”
model of semantic memory proposes that, in addition to those modality-specific semantic
features, representation of conceptual knowledge requires an amodal semantic
representation (i.e., hub) to bind the features (i.e., spokes) together (e.g., Damasio, 1989;
Patterson et al., 2007; Rogers et al., 2004; Simmons & Barsalou, 2003). While modalityspecific representations are grounded in the sensory-motor neural system, the “hub”
integrates modality-specific representations to form multidimensional representations
such that it captures the complex feature conjunctions that make each concept unique
(e.g., although dog and wolf look similar, we still know they represent different
concepts). Neuroimaging, lesion and transcranial magnetic stimulation (TMS) studies
provide evidence for the existence of such “hubs,” with the anterior temporal lobes
(ATL) implicated as their potential neural location. For example, fMRI studies of object
recognition show that activation in the ATLs differs from that in modality-specific
regions. Tyler and colleagues (2004) found that naming pictures at the domain-level (e.g.,
naming a picture of a CAT or a HAMMER as a “living” or “manmade” object), which
only requires access to a coarser-grained semantic representation of objects, activated
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posterior fusiform regions. In contrast, naming pictures at the basic-level (e.g., to name a
picture as a “cat” or a “hammer”), which requires finer-grained discrimination to
differentiate between similar objects (e.g., “CAT” vs. “DOG”), activated anterior
temporal regions in addition to the posterior fusiform regions (also see Rogers, Hocking,
Noppeney, Mechelli, Gomo-Tempini, Patterson & Price, 2006). Thus, they suggest that
semantic processing has a posterior-to-anterior gradient along the inferior temporal lobe,
with more fine-grained amodal semantic information relying more on anterior regions,
which is consistent with the “hub-and-spoke” model. Similar graded effects along the
posterior–anterior axis of the inferior temporal lobe have been replicated in subsequent
studies using multivoxel pattern analysis (Clarke & Tyler, 2014; Peelen & Caramazza,
2012), that find that the bilateral posterior fusiform regions encode similarity of semantic
features associated with objects from the same semantic category, while bilateral ventral
ATLs additionally encode object-specific semantic representations. In addition to the
findings from neuroimaging studies, studies of patients with brain damage show that
focal atrophy of the bilateral ATLs causes semantic deficits (e.g., Hodges et al., 1992;
Lambon Ralph, Matthew, & Patterson, 2008; McClelland & Rogers, 2003; Patterson et
al., 2007; Rogers et al., 2004) across different modalities (Bozeat, Lambon Ralph,
Patterson, Garrard, & Hodges, 2000; Luzzi, Snowden, Neary, Coccia, Provinciali, &
Lambon Ralph, 2007). Moreover, for healthy participants temporarily interfering with
ATL activity using transcranial magnetic stimulation (TMS) results in semantic
impairments across a range of comprehension tasks with words and pictures (Pobric,
Jefferies, & Lambon Ralph, 2007, 2010a, 2010b; Ishibashi, Lambon Ralph, Saito, &
Pobric, 2011). These across-modality semantic deficits due to ATL impairment are
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consistent with the proposed amodal nature of “hub” (Lambon Ralph et al. 2010;
Patterson et al. 2007). Taken together, the ATL appears to be particularly important for
integrating semantic information across modalities, and the potential location of semantic
hubs as proposed by hub-and-spoke models of semantic memory (see Jefferies, 2013;
Patterson et al., 2007 for reviews). Of note, in Experiment 4 of this dissertation, when
correlating brain activity with concept familiarity (as measured by participants’ ratings), I
identified two semantic regions in the bilateral inferior temporal lobes: posterior fusiform
regions and the ventral ATLs. In addition, I found that the activity within those regions
was sensitive to semantic interference in naming. Those posterior fusiform and ventral
ATL regions correspond to the regions demonstrated to subserve modality-specific
semantic features and amodal semantic representations of the “hub-and-spoke” model,
respectively (Clarke & Tyler, 2014; Peelen & Caramazza, 2012; Tyler et al., 2004). Thus,
the “hub-and-spoke” model of semantic memory provides a potential framework to link
the findings in this dissertation regarding the semantic locus of semantic interference in
naming with cognitive models of speech production in order to form a full account of
semantic interference in speech production.
By incorporating the “hub-and-spoke” model (e.g., Patterson et al., 2007; Rogers
et al., 2004) into the existing speech production models (Howard et al., 2006; Oppenheim
et al., 2010), I propose that we can explain semantic interference in naming as connection
weight changes at two distinct levels within the language system. In line with previous
models of speech production, one level is at the connections between the amodal
semantic and lexical representations (i.e., hub-lexical connections; e.g., Howard et al.,
2006; Oppenheim et al., 2006). However, different from these models, I propose that
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other weight changes occur at the level of the connections between modality-specific
semantic features (spokes) and the amodal semantic representations (hubs) (i.e., spokehub connection). Under this framework, naming a picture (e.g., CAT) activates its
modality-specific semantic features, amodal semantic hub and lexical representation.
Because the semantically related exemplars share semantic information, their amodal
hubs and lexical representations are also activated. Semantic interference in naming may
thus occur in the following two ways.
The first way that semantic interference in naming may be instantiated at the
semantic level follows similar assumptions inherent to the computational model
presented by Howard et al. (2006). After naming a picture (e.g., CAT), the concept’s
spoke-hub and hub-lexical connections are both strengthened. When naming a
semantically related exemplar (e.g., DOG) in the future, this exemplar will activate its
own semantic hub and lexical representation as well as those of items semantically
related to it (e.g., “CAT”). As “CAT” was previously named, its amodal semantic hub
and lexical representations will be strongly activated via the strengthened spoke-hub and
hub-lexical connections. At this point, if corresponding representations at the amodal
semantic level and lexical level are selected over alternatives by reaching a decision
criterion such as the Luce choice ratio (e.g., Howard et al., 2006; Luce, 1952), then it will
take longer to select both the amodal semantic hub and lexical representations associated
with the picture DOG. Thus, one way that semantic interference effects in naming may
occur is through strengthened connections (both spoke-hub and hub-lexical connections)
that result from previous naming, and competition that occurs between co-activated
representations (at both the semantic hub and lexical levels) during speech production.
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The second way to account for semantic interference in naming is similar to the
first, as after naming a picture (e.g., CAT), its spoke-hub and hub-lexical connections are
both strengthened. However, different from the first potential account, while those
connections associated with the target are strengthened, the connections associated with
other semantically related exemplars are weakened. As a result, when naming a
semantically related exemplar (e.g., DOG) in the future, its weakened connections will
result in reduced activation of both its amodal semantic hub and lexical representations,
resulting in a longer amount of time needed to identify and name the target (see
Oppenheim et al., 2010 for a similar discussion of the lexical account of interference).
In both of these proposed accounts, the assumption of connection weight changes
in the semantic system (in addition to those between the semantic and lexical systems),
can account for semantic interference effects in naming and comprehension. Because the
proposed model keeps the connection weight changes between the semantic and lexical
representations (hub-lexical connection) assumed by previous speech production models
(Howard et al., 2006; Oppenheim et al., 2010), it predicts long-lasting interference effects
at the lexical level of processing. Consistent with this prediction, in Experiment 4
semantic interference in naming was observed in lexical brain regions. The assumption of
hub-lexical/lexical-semantic connection weight changes is also in line with previous
studies that show semantic interference in naming is modulated by lexical frequency, an
index of lexical processing (e.g., Harvey & Schnur, 2016). However, different from
previous speech production models, the incorporation of spoke-hub connection weight
changes means that past processing (named/comprehended) of semantically related items
will interfere with future processing of semantically related items, even when these
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items’ lexical representations are not accessed. For example, it predicts that there will be
longer response times for comprehending pictures after previously comprehending
semantically related vs. unrelated items. Consistent with this prediction, semantic
interference effects have been observed in comprehension tasks (Experiment 3 - Wei &
Schnur, 2006; Biegler et al., 2008; Campanella & Shallice, 2011). Because the
connection weight changes are assumed to be persistent, the interference effect due to
spoke-hub connection weight changes is predicted to be long-lasting and not reduced by
number of intervening trials. This is exactly what I observed in Experiment 3. Second, it
predicts that semantic interference occurs when we retrieve the amodal semantic
representations. Experiment 4 showed that BOLD activity in ventral ATLs, the
previously implicated neural locus of amodal semantic representations (see Patterson et
al., 2007 for a review), was sensitive to semantic relatedness in the lag2 condition, in
which there was interference during naming. Overall, the converging behavioral and
neuroimaging results from this dissertation suggest that in addition to the lexical level,
semantic interference also occurs at amodal semantic level of processing, which provides
support for a spoke-hub and hub-lexical connection weight changes mechanism.
Unpredicted by the proposed model, however, I observed semantic interference
effects in posterior fusiform regions, which are assumed to subserve modality-specific
semantic representations (e.g., Chao et al., 2002; Martin, 2007). In keeping with the
models of Howard et al. (2006) and Oppenheim et al. (2010), the proposed model is a
feedforward model, which means that information flows from early to later processing
stages (e.g., from modality-specific features, to amodal semantic hub, to lexical
representations) and not in the opposite direction. In such a case, the spoke-hub
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connection weight changes proposed here would only affect the activation level of
amodal semantic hub representations, predicting that there should be no interference at
the modality-specific semantic level. However, in a study using magnetoencephalography
(MEG), Clark and colleagues (2011) demonstrated recurrent interaction between the left
ventral ATL and the left posterior fusiform regions during picture naming. This finding
suggests that activity of modality-specific regions may be modulated by amodal semantic
regions. Thus, I speculate that the interference effect associated with the bilateral
posterior fusiform regions in my experiment is a peripheral phenomenon, driven by the
activation differences at the amodal semantic hub level (i.e., the interference effect that
occurred at the level of the amodal semantic representations in ATLs). If this is the case,
the links between modality-specific features and amodal semantic hub representations
should be bidirectional. That is, interference is not occurring at the semantic feature level,
but instead, the activation of semantic features is modulated by the activation of
associated amodal semantic hubs. That there is no interference at the semantic feature
level of processing is supported by semantic facilitation in categorization tasks (e.g.,
Belke, 2013). As mentioned in Chapter 4, Belke (2013) found that participants were
faster to classify an object as living or non-living in the related vs. unrelated condition.
This categorization task only requires access to semantic features shared by living/nonliving category but not distinguishing information associated with objects (i.e., amodal
semantic hub, Tyler et al., 2004). Thus, it suggests facilitation instead of interference at
the semantic feature level of processing. Future research should investigate the degree to
which information flows both in forward and backward directions throughout the
language system in order to understand how changes at one level (e.g., semantic hub)
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impacts processing at levels both “previous to” and “after” that processing level.
While the changes of combining the “hub-and-spoke” model (Patterson et al.,
2007; Rogers et al., 2004) with speech production models (Howard et al., 2006;
Oppenheim et al., 2010) and applying the connection weight changes mechanism onto
spoke-hub and hub-lexical connections, allow for semantic interference effects at both the
semantic and lexical levels, they do not address semantic facilitation effects demonstrated
in Experiments 1, 2 and 4. As such, I suggest that in addition to the proposed spoke-hub
connection changes, residual activation of modality-specific semantic features should be
incorporated into the proposed model to account the short-lived facilitation effects
observed in previous naming studies (e.g., Damian & Als, 2005; Wheeldon & Monsell,
1994) and this dissertation. In Experiments 1 and 4, I observed semantic facilitation
effects only when semantically related pictures were named adjacently, which suggests
that semantic facilitation in naming is short-lived. In Experiment 2, I found that semantic
facilitation was not affected by presentation modality (pictures vs. words), ruling out a
visual input locus. In Experiment 4, I found that semantic brain regions in posterior
fusiform gyri show differential activity for the related vs. unrated condition in lag0,
which created semantic facilitation. Given that the posterior fusiform regions are assumed
to subserve modality-specific semantic features, the result further suggests that the
facilitation effect occurs when we access modality-specific semantic features. To explain
the short-lived facilitation effect in naming, I propose that modality-specific features
experience residual activation after naming. As such, after naming a picture, the
activation of its modality-specific semantic features would not return to baseline
immediately, but instead persist for a couple of seconds (e.g., Dell, 1988). If the
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processing of a semantically related exemplar occurs before such activation dissipates,
the residual activation of these features will render them easier to access, resulting in a
facilitation effect in naming when retrieving the semantic representation of a semantically
related concept.
One last point to mention concerns the onset of the interference effect. According
to Howard et al. (2006) and Oppenheim et al. (2010), connection weight changes happen
after each naming event, occurring immediately. If this is the case, according to the
proposed model, such changes would affect access to the amodal semantic and lexical
representations of semantically related exemplars whether they appeared adjacently
(lag0) or after two unrelated trials (lag2). Thus, the semantic interference effect would be
predicted to occur in both amodal semantic and lexical regions in both lag0 and lag2
conditions. However, in Experiment 4 I did not see ventral ATLs (amodal semantic
regions) or the left posterior IT region (a lexical region) showing decreased activation in
related vs. unrelated condition in lag0 as shown in lag2. One way to interpret this finding
is that unlike what is assumed by Howard et al. (2006) and Oppenheim et al. (2006),
connection weight changes may take place gradually and need time to complete (cf.
Schnur, 2014). As a result, semantic interference is only predicted after some trials (lag2)
but not immediately (lag0).
6.3. Future Directions
Future research can proceed along the following directions to seek converging
evidence for the nature of semantic relatedness effects in speech production. Although
this dissertation provides evidence for multiple loci of semantic interference in naming
(semantic and lexical), converging evidence is needed to confirm these findings. Studies
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using electroencephalography (EEG) would provide additional evidence to speak to this
issue, as EEG provides good temporal resolution. If the interference effects are due to
connection weight changes in the semantic system and between semantic and lexical
representations, the difference between the related and unrelated condition should be seen
in the time windows assumed to be responsible for semantic and lexical processing
(Indefrey, 2011; Indefrey & Levelt, 2004). Additionally, according to the proposed
model, the connection weight of spoke-hub connections and hub-lexical connections are
influenced by past semantically related naming experience. Such cognitive connections
may be supported by neural connections between modality-specific semantic areas (e.g.,
posterior fusiform gyri), amodal semantic hub areas (e.g., bilateral ATLs) and lexical
areas (e.g., the left posterior ITG). As such, if connection changes between these levels of
representations underlie the semantic interference effects observed in this dissertation, I
predict that during the naming task functional connectivity between the posterior
fusiform gyri (modality-specific semantic features) and ATLs (amodal semantic hub) and
functional connectivity between ATLs (amodal semantic hub) and the left posterior IT
region (lexical representation) would be modulated by previous naming of semantically
related items. Because Oppenheim et al. (2010) suggest that past naming experience
strengthens some connections while weakening others, it is unclear whether the
connections should be stronger or weaker after naming semantic related items, but
functional connectivity strength between regions subserving semantic features (e.g.,
posterior FG) and amodal semantic hub representations (e.g. ATLs) and between regions
subserving amodal semantic hub (e.g., ATLs) and lexical representations (e.g., left
posterior IT) should be modulated by semantic relatedness in the lag2 condition given
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that different activity in those brain regions was found between semantically related vs.
unrelated condition in lag2 of Experiment 4. According to Howard et al. (2006)’s model,
past naming experience only strengthens connections and thus they predict stronger
functional connectivity between regions subserving semantic features (e.g., posterior FG)
and amodal semantic hub representations (e.g. ATLs) and between regions subserving
amodal semantic hub (e.g., ATLs) and lexical representations (e.g., left posterior IT) in
the related vs. unrelated condition in lag2. Furthermore, another important way to test the
proposed model is to incorporate the computational changes proposed here (e.g., residual
activation, spoke-hub connection changes) into models of speech production (Howard et
al., 2006; Oppenheim et al., 2001) to determine whether these changes can successfully
simulate the findings presented in this dissertation and previous studies. Such an
approach may also generate new predictions to test, which in turn will help improve the
model and thus our understanding of the cognitive processes that support speech
production.
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Appendix A
Semantically related pairs in Experiment 1a and Experiment 2 (marked with an *)

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

Prime
eagle
lighthouse
tile
mitten
shrimp
blinds
microphone
lion
peach
kiwi
potato
pineapple
toast
pillow
axe
spider
necklace
rabbit
piano
sofa
binoculars
crayon
whiteout
airplane
tie
bullet

Target
owl
windmill
brick
sock
crab
curtain
speaker
tiger
banana
lemon
onion
orange
cupcake
mattress
hammer
ant
ring
squirrel
violin
bed
telescope
pencil
eraser
helicopter
scarf
arrow

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

Prime
ostrich
truck
escalator
dog
map
binder
button
medal
balloon
shark
apple
grape
eggplant
flashlight
wrench
lighter
butterfly
watch
spoon
bowl
camel
beaver
pig
fireplace
bike
gun

Target
peacock
jeep
ladder
cat
globe
staples
zipper
trophy
kite
dolphin
pear
strawberry
pumpkin
lamp
screwdriver
match
ladybug
clock
fork
plate
horse
skunk
cow
chimney
scooter
cannon

Prime
duck
cabbage
cauliflower
fries
popcorn
ear
jeans
boot
mouse
blueberry
cucumber
ginger
cookie
stool
pipe
shovel
mop
microwave
knife
moose
panda
rhinoceros
bull
bear
comb
radish
lettuce
guitar

Target
rooster
tomato
broccoli
pizza
candy
nose
shirt
sandal
keyboard
cherries
mushroom
garlic
donut
chair
cigarette
rake
broom
toaster
scissors
giraffe
zebra
elephant
sheep
kangaroo
toothbrush
carrot
celery
harmonica
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Appendix B
Semantically related pairs in Experiment 1b.
Chinese
Prime
Target
脚
手
兔子
袋鼠
豹子
斑马
猴子
熊猫
蜜蜂
蝴蝶
领带
围巾
床
沙发
火车
飞机
苹果
梨
西红柿
萝卜
蒜
姜
手枪
大炮
鼠标
键盘
锅
水壶
嘴巴
眼睛
狮子
老虎
奶牛
猪
鸭子
公鸡
蜘蛛
蚂蚁
项链
戒指
衬衣
裙子
斧头
锤子
葡萄
草莓
核桃
花生
表
钟
吉他
钢琴
包子
油条
灯泡
蜡烛

English
Prime
Target
foot
hand
rabbit
kangaroo
cheetah
zebra
monkey
panda
bee
butterfly
tie
scarf
bed
sofa
train
airplane
apple
pear
tomato
carrot
garlic
ginger
gun
cannon
mouse
keyboard
pan
kettle
mouth
eye
lion
tiger
cow
pig
duck
rooster
spider
ant
necklace ring
shirt
skirt
axe
hammer
grape
strawberry
walnut
peanut
watch
clock
guitar
piano
bun
fried cruller
bulb
candle

Chinese
Prime
Target
耳朵
鼻子
骆驼
马
蝙蝠
猫头鹰
乌龟
青蛙
虾
螃蟹
靴子
凉鞋
椅子
桌子
锯子
剪刀
橙子
香蕉
黄瓜
白菜
碗
盘子
打火机
火柴
骰子
扑克
微波炉
电冰箱
袜子
手套
长颈鹿
大象
狗
猫
鹦鹉
孔雀
被子
枕头
门
窗户
轮船
汽车
勺子
叉子
桃子
西瓜
土豆
玉米
箭
子弹
饼干
蛋糕
拖把
扫帚
手机
电话

English
Prime
ear
dromedary
bat
turtle
shrimp
boot
chair
saw
orange
cucumber
bowl
lighter
dice
microwave
sock
giraffe
dog
parrot
comforter
door
boat
spoon
peach
potato
arrow
cookie
mop
cellphone

Target
nose
horse
owl
frog
crab
sandal
table
scissors
banana
cabbage
plate
match
poker
refrigerator
mitten
elephant
cat
peacock
pillow
window
car
fork
watermelon
corn
bullet
cake
broom
telephone
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Appendix C
Semantically related sets and associates in Experiment 3.

Probes

ANIMALS VEHICLES
Group1
rabbit
car
cow
train
dog
airplane
Group2

Associated
Targets

Group1

Group2

APPLIANCES
vacuum
TV
iron

BODY
eye
neck
foot

BIRDS
dove
eagle
hummingbird

PEOPLE
waiter
doctor
cowboy

TOOLS
corkscrew
whisk
scissors

FURNITURE
bed
cupboard
chair

squirrel
bear
cat
panda

bicycle
boat
truck
motorcycle

refrigerator
toaster
washing machine
stove

mouth
nose
leg
ear

duck
owl
seagull
parrot

photographer
teacher
police
referee

peeler
wrench
saw
shovel

dresser
crib
hatrack
bench

monkey
carrot
milk
bone
acorn
honey
yarn
bamboo
banana

cab
gas station
railway
sky
bell
anchor
boxes
helmet
hail

blender
carpet
antenna
crease
ice
bread
laundry basket
flame
fruits

finger
glasses
scarf
shoes
lipstick
tissues
pants
headphone
ring

turkey
olive branch
American flag
flower
pond
night
sea
cage
Thanksgiving

chef
menu
stethoscope
wagon
film
chalk
handcuffs
basketball
spatula

knife
wine
egg
paper
potato
screw nut
wood
soil
chopping board

shelf
comforter
tableware
cushion
clothes
baby
coat
park
books
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Appendix D
Materials for the functional localizer naming task of Experiment 4.

Lexical
Frequency
accordion
anchor
apron
asparagus
avocado
banjo
basketball
bat
battery
bear
beaver
bench
bib
binder
binoculars
blender
blueberry
book
bow
bridge
broccoli
bull
cabbage
cactus
calculator
calendar
camera
candle
candy
carrot
cauliflower
celery
chain

590
2,766
540
285
300
1,022
9,831
6,469
27,473
23,529
1,727
5,360
781
1,864
958
972
318
190,905
7,503
19,356
915
8,305
1,124
1,211
3,880
9,382
18,427
2,719
4,887
1,435
238
732
23,315

Log10-transformed
Lexical Frequency

Concept
Familiarity

2.77
3.44
2.73
2.45
2.48
3.01
3.99
3.81
4.44
4.37
3.24
3.73
2.89
3.27
2.98
2.99
2.50
5.28
3.88
4.29
2.96
3.92
3.05
3.08
3.59
3.97
4.27
3.43
3.69
3.16
2.38
2.86
4.37

3.41
3.45
4.31
4.38
4.72
3.21
4.31
3.52
4.59
3.72
2.93
4.62
3.69
4.72
3.97
4.45
4.59
4.17
3.55
4.24
4.72
3.55
4.34
4.03
4.79
4.69
3.34
4.41
4.00
4.66
3.97
4.69
3.24
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chalk
cheese
cherries
cigar
cigarette
cobra
cockroach
coconut
comb
compass
cookies
cracker
croissant
cross
crown
cucumber
curtains
dice
dinosaur
doll
doughnut
dress
ear
eggplant
elbow
elephant
envelope
fan
faucet
feather
foot
fox
fries
frisbee
frog
funnel
garlic
glasses
goggles
goldfish

1,662
8,662
446
1,240
2,881
3,482
280
1,410
1,614
1,898
2,584
1,214
71
29,753
8,962
690
894
14,894
2,381
5,685
484
12,384
11,312
642
3,401
7,010
10,813
37,452
439
2,364
24,212
13,959
1,684
647
3,126
791
4,140
8,546
1,288
1,107

3.22
3.94
2.65
3.09
3.46
3.54
2.45
3.15
3.21
3.28
3.41
3.08
1.85
4.47
3.95
2.84
2.95
4.17
3.38
3.75
2.68
4.09
4.05
2.81
3.53
3.85
4.03
4.57
2.64
3.37
4.38
4.14
3.23
2.81
3.49
2.90
3.62
3.93
3.11
3.04

2.69
4.72
4.52
3.86
3.45
3.66
3.38
3.97
4.38
3.86
5.00
4.55
4.41
4.28
3.90
4.14
4.21
4.69
3.72
3.93
4.72
4.34
4.86
3.41
4.72
4.24
4.48
4.38
4.86
3.93
4.76
3.66
4.66
4.14
3.90
3.66
3.34
4.41
4.41
4.14
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guitar
hand
hanger
harmonica
harp
hat
iron
jacket
jeep
kangaroo
key
knee
leaf
lips
lizard
locker
lollipop
marble
marker
mask
microscope
mirror
missile
mushroom
nail
olive
onion
ostrich
palette
panda
parachute
parrot
peacock
pen
penguin
phone
pitcher
pizza
popcorn
porcupine

24,781
124,848
961
670
1,667
11,748
19,187
10,208
2,639
818
95,993
7,176
7,051
14,796
5,706
1,871
295
4,081
3,755
12,361
1,171
27,107
5,867
1,873
4,603
2,952
2,587
429
3,695
887
1,247
1,771
969
7,902
2,222
141,619
1,571
5,507
949
547

4.39
5.10
2.98
2.83
3.22
4.07
4.28
4.01
3.42
2.91
4.98
3.86
3.85
4.17
3.76
3.27
2.47
3.61
3.57
4.09
3.07
4.43
3.77
3.27
3.66
3.47
3.41
2.63
3.57
2.95
3.10
3.25
2.99
3.90
3.35
5.15
3.20
3.74
2.98
2.74

4.38
4.97
4.62
3.28
4.38
4.14
4.76
4.55
4.34
3.69
4.72
4.90
4.38
3.83
4.28
4.10
4.41
3.86
4.66
3.55
4.14
4.48
2.79
4.21
4.10
3.38
4.21
3.28
3.66
3.83
3.59
3.76
3.79
4.86
3.79
4.59
4.24
4.79
4.72
3.41
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potato
printer
pumpkin
radish
rake
rice
ring
rose
ruler
safe
sausage
saw
saxophone
scorpion
screw
seal
sheep
shovel
shower
skateboard
skeleton
skis
skunk
snowman
spatula
sponge
stairs
stapler
starfish
statue
sunflower
sushi
table
tank
teapot
telescope
tent
thermometer
toaster
toilet

3,178
40,620
937
139
919
16,535
44,167
19,326
2,703
33,169
1,273
87,044
558
2,696
9,543
6,421
7,524
1,017
6,874
303
2,347
2,189
885
799
546
1,597
5,581
76
313
7,801
474
813
56,081
17,481
324
3,324
3,187
695
1,937
5,523

3.50
4.61
2.97
2.14
2.96
4.22
4.65
4.29
3.43
4.52
3.10
4.94
2.75
3.43
3.98
3.81
3.88
3.01
3.84
2.48
3.37
3.34
2.95
2.90
2.74
3.20
3.75
1.88
2.50
3.89
2.68
2.91
4.75
4.24
2.51
3.52
3.50
2.84
3.29
3.74

3.45
4.24
4.34
3.17
4.90
4.38
4.17
4.38
4.62
3.97
3.83
3.86
3.76
3.55
3.93
3.86
3.62
4.07
4.59
3.97
4.14
3.34
3.62
4.38
4.59
4.62
4.90
4.38
4.76
3.66
4.00
4.52
4.76
3.34
4.10
3.55
4.45
4.38
4.66
4.97
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toothbrush
trampoline
treadmill
tree
tricycle
truck
trumpet
vase
vest
watermelon
weights
wheel
whisk

560
184
374
27,218
157
10,203
7,157
540
1,238
386
3,360
19,368
300

2.75
2.26
2.57
4.43
2.20
4.01
3.85
2.73
3.09
2.59
3.53
4.29
2.48

4.93
4.45
4.38
4.93
3.83
4.21
3.62
4.00
3.90
4.76
4.41
4.59
4.34
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Appendix E
Semantically related pairs for the picture-picture priming naming task of Experiment 4.
All pairs are from Experiment 1a except two marked with an *.
Prime
eagle
lighthouse
tile
mitten
shrimp
* giraffe
microphone
lion
peach
kiwi
* lettuce
pineapple
toast
pillow
axe
spider
ear
rabbit
piano
sofa
mop
crayon
whiteout
airplane
tie
bullet

Target
owl
windmill
brick
sock
crab
zebra
speaker
tiger
banana
lemon
tomato
orange
cupcake
mattress
hammer
ant
nose
squirrel
violin
bed
broom
pencil
eraser
helicopter
scarf
arrow

Prime

Target

duck
stool
escalator
dog
map
knife
button
medal
balloon
shark
apple
grape
mouse
flashlight
wrench
lighter
butterfly
watch
spoon
bowl
camel
jeans
pig
fireplace
bike
gun

rooster
chair
ladder
cat
globe
scissors
zipper
trophy
kite
dolphin
pear
strawberry
keyboard
lamp
screwdriver
match
ladybug
clock
fork
plate
horse
shirt
cow
chimney
scooter
cannon

