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ABSTRACT
The present systematic review aims to address the contribution of brain imaging studies to the 
investigation of semantic priming (SP). Only studies from 2001 to 2017 using lexical decision 
tasks with visual and auditory stimuli, were considered. The review resulted in 20 articles, 
which showed semantic priming effects (SPE) in several brain areas (frontal and temporal 
lobes, cingulate gyrus, supplementary motor areas, and parietal cortex). In this way, the 
identification of activation in these areas varied as a function of stimulus onset asynchrony 
(SOA). Data suggests both hemispheres are involved on SPE, with a more robust role of the left 
hemisphere. Specifically, a decreased activation on the left middle temporal gyrus was found 
to be related to automatic SPE. This same area seemed to be related to SPE at long SOAs, 
along with the left inferior frontal gyrus and the anterior cingulated cortex. Therefore, a strong 
performance of the left hemisphere in semantic priming tasks could be observed, especially in 
the left middle temporal gyrus. Its activation was modulated by short and long intervals 
between stimuli, with more activation associated with longer intervals.
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RESUMO

Revisão sistemática de estudos de neuroimagem do priming semântico
The present systematic review aims to address the contribution of brain imaging studies to the 
investigation of semantic priming (SP). Only studies from 2001 to 2017 using lexical decision 
tasks with visual and auditory stimuli, were considered. The review resulted in 20 articles, 
which showed semantic priming effects (SPE) in several brain areas (frontal and temporal 
lobes, cingulate gyrus, supplementary motor areas, and parietal cortex). In this way, the 
identification of activation in these areas varied as a function of stimulus onset asynchrony 
(SOA). Data suggests both hemispheres are involved on SPE, with a more robust role of the left 
hemisphere. Specifically, a decreased activation on the left middle temporal gyrus was found 
to be related to automatic SPE. This same area seemed to be related to SPE at long SOAs, 
along with the left inferior frontal gyrus and the anterior cingulated cortex. Therefore, a strong 
performance of the left hemisphere in semantic priming tasks could be observed, especially in 
the left middle temporal gyrus. Its activation was modulated by short and long intervals 
between stimuli, with more activation associated with longer intervals.
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Lexical decision is a process that is part of our day-to-day lives. When we read a word for 
the first time, for example, a series of cognitive processes take place from decoding the word 
to understand it in context and storing it in our mental lexicon. The more we encounter and 
read a word, the more automatic the word recognition process becomes. One of the questions 
addressed by cognitive psychology over the past decades is whether a semantically-related 
word can prime the identification of a subsequent word in lexical decision. For example, does 
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the word “table” prime the recognition of “chair” as a word 
faster than the semantically-unrelated “firetruck”? Thus, 
studies have clearly shown the semantic priming effect on the 
speed of lexical decision (e.g. Assink, Bergen, Teeseling, & 
Knuijt, 2004; Simpson & Foster, 1986). Semantic priming is 
usually defined as a facilitating effect on the processing of a 
stimulus due to the previous processing of a semantically 
related one (McNamara, 2005). This facilitation is observed 
experimentally in a reduction of reaction time (RT) or in an 
increase in accuracy in an experimental task.

The semantic priming effect (SPE) has been well 
investigated in studies of lexical decision. However, the neural 
mechanisms that underpin the processes of lexical decision 
involved in semantic priming are not fully understood. 
Regarding this issue, we will address lexical decision from the 
point of view of brain imaging studies and their contribution 
to understanding the cognitive processes that underpin the 
SPE in lexical decision. In this sense, the neural 
representation of semantic knowledge is distributed across 
the cortex; this has been shown, for example, in neuroimaging 
studies of brain damaged patients with semantic deficits 
(McClelland & Rogers, 2003). Activation associated with the 
SPE, in turn, has been shown in brain lesion patients (Del Toro, 
2000; Hagoort, 1997) and healthy participants (e.g., Liu, Hu, 
Peng, Yang, & Li, 2010; Sass, Krach et al., 2009). 

Semantic priming: automatic spreading activation and 
expectancy-based priming

The semantic priming paradigm is an established test for 
the influence of semantic relatedness on lexical decision. The 
SPE is the facilitation of the processing of a target word 
following the presentation of a semantically-related prime. In 
traditional semantic priming experiments, participants 
respond to a lexical decision task (decide whether the target 
is a real word or a pseudoword) or a naming task.  In this task, 
the semantic contextualization effect is modulated by the 
relatedness between prime and target (related words; 
unrelated words; and neutral/nonlinguistic, for example, a 
series of hashtags). The relatedness between prime and 
target modulates the reaction time (RT) and accuracy in 
lexical decision tasks (Squire & Kandel, 2003; Leritz, Grande, & 
Bauer, 2006); the closer the semantic relation between prime 
and target, the faster and more accurately readers identify the 
target word as a word (fruit-apple versus an unrelated prime-
target combination, such as fruit – hammer). 

In addition to semantic relatedness, the variation in timing 
between the presentation of prime and target also modulates 
the priming effect by stimulus onset asynchrony (SOA) or 
interstimulus interval (ISI) (Holderbaum & Salles, 2010, 2011). 
There are different theories that attempt to explain the 
semantic priming phenomenon, with the two main being (1) 

the automatic spreading activation theory (Collins & Loftus, 
1975) and (2) the expectancy-based priming theory (Becker, 
1980). The main difference between the two theories is that 
they attempt to explain semantic priming effects in two 
different situations: shorter and longer stimuli onset 
asynchronies. 

The automatic spreading activation theory is based on a 
general idea that reading (or listening) to a word activates its 
meaning and that activation, in turn, has an effect on words 
that are semantically related. Consequently, analogous to a 
situation in which shorter geographical distance favors the 
transposition of water from one river to another, the access to 
the meaning of the related words is faster while the prime is 
still active; more specifically, semantically/associatively 
related nodes have strong links and are “stored close 
together.” When the prime is processed, activation spreads to 
the nodes of semantically-related targets; the spread of 
activation, successively, decreases the time required to 
activate the targets. According to Neely (1991), the process of 
spreading activation is automatic, that is, the reader has no 
volitional control over it. The automaticity of the process of 
spreading activation is the central explanation for the 
semantic priming effect in experiments with short SOAs. 

Nonetheless, the definition of what constitutes a short 
SOA varies. Some authors define short SOAs as those shorter 
than 150ms (Altarriba & Basnight-Brown, 2007) or 300ms 
(Neely, 1991). However, most authors agree that intervals 
longer than 500ms will no longer be associated with 
automatic effects of priming. The classical criteria for 
establishing that a behavior is automatic are that the stimuli 
associated with the behavior almost always elicit the behavior 
(i.e., there is no volitional control), and that the process can be 
successfully executed while a secondary task is being 
performed (Schneider & Shiffrin, 1977). More contemporarily, 
most authors understand that a skill or behavior becomes 
automatic with the transition from goal-directed behavior 
(controlled by executive processes) to one in which the 
strategic control drops away (Chein & Schneider, 2005).  

The expectancy-based priming theory (Becker, 1980) 
provides an account of SPE in longer SOAs [greater than 
150ms according to Altarriba and Basnight-Brown (2007) and 
greater than 300ms, according to Neely (1991)]. This theory 
postulates that, when the prime is processed, there is 
activation of a set of related targets. Subsequently, if the 
presented target is among the words related to the prime and, 
thus, activated above a certain threshold (i.e., when 
semantically-related and activated words separate from 
unrelated, non-activated words), the recognition of the target 
is facilitated, being, then, faster and more accurate (Nievas & 
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Justicia, 2004). This process is related to semantic relations 
that can be identified by the reader; so, the reader can 
establish the connections between words and ultimately be 
able to verbalize them. The process of facilitation and the 
relation between the prime and the target thus differ from 
automatic processes in semantic priming with short SOAs; in 
this case, the longer SOA allows for controlled, volitional 
processes to take place, such as the reader remembering a 
semantically-related word, episode, and so on. 

Several studies have investigated semantic priming 
behaviorally with adults (e.g., Basnight-Brown & Altarriba, 
2007; Davenport & Potter, 2005; Hutchison, 2007; Nobre & 
McCarthy, 1995; Sánchez-Casas, Ferré, García-Albea, & 
Guasch, 2006; Valdés, Catena, & Marí-Beffa, 2005). Most of 
them have found SPE on SOAs varying from 50ms to 1000ms, 
which includes both automatic and controlled processes. 

More recently, brain imaging techniques have been used 
to investigate semantic priming tasks. These studies included 
the use of positron emission tomography - PET (e.g., 
Mummery, Shallice, & Price, 1999) and functional magnetic 
resonance imaging - fMRI (e.g., Copland et al., 2003; Liu et al. 
2010; Sass, Krach et al., 2009).

To our knowledge, there is no recent review of 
neuroimaging studies of semantic priming. In the past 
decade, Henson (2003) reviewed functional neuroimaging 
studies of priming, including word-stem completion, masked 
priming, repetition priming of visual objects, and semantic 
priming paradigms. In order to describe recent results, the 
present study aimed to review semantic priming studies 
published from 2001 to 2017, revising items such as sample 
characteristics, lexical decision task characteristics, fMRI 
procedures, and findings (areas of activation and processes 
of activation or deactivation).

METHOD

This article reviews functional magnetic resonance 
imaging studies of semantic priming published until 
September 2017. We searched for articles in the databases 
ISI Web of Knowledge, PubMed and PsychInfo. The 
combination of the terms “semantic priming” and “fMRI” was 
used in the search (title and/or abstract). After removing 
repeated articles along the databases, we found sixteen 
eligible articles in the Web of Science database, four articles 
in PsychoInfo and no other articles in Pubmed.

On the one hand, we reviewed a total of 20 studies. On the 
other hand, we excluded review articles, abstracts from 
academic events, clinical samples, studies that used non-
lexical decision tasks or that could have confounding 
variables (for example dopaminergic neuromodulation). The 

information we reviewed in the 20 papers selected included 
sample, design, stimuli, trial (SOA, ITI- inter-trial interval, prime 
and target duration), fMRI procedures and the results 
themselves. TheGingerALE 2.3 software (Eickhoff et al., 2009; 
Eickhoff, Bzdok, Laird, Kurth, & Fox, 2012; Turkeltaub et al., 
2012) was used to generate the agglutination of the brain 
activations related to semantic priming in the reviewed 
studies. The centroids are presented in Talairach coordinates; 
studies that reported MNI coordinates were converted to 
Talairach.

RESULTS AND DISCUSSION

This section presents the description of the studies’ 
participants, lexical decision tasks and fMRI procedures and 
findings. Table 1 shows the 20 reviewed articles, including 
sample size, mean age of participants, study design (block 
design or event-related) and modality of the stimuli used 
(visual, auditory or both).

POPULATION CHARACTERISTICS

Studies evaluated young adults whose ages ranged from 
20.8 to 31.8 years (mean 25.5, SD 1.4). An exception was 
Gold et al. (2009) which included an elderly group of 
participants (mean 74.7 years); All the studies analyzed did 
not report participants’ schooling. 

The number of participants ranged from eight to thirty; 
Gold et al. (2006) were the only ones to investigate a larger 
population sample (24 participants in three experiments). 
Approximately two-thirds of the studies used visual stimuli. 
The remaining studies used auditory or a combination of 
visual and auditory stimuli. Stimulus modality has been 
associated with differences in activation; in experiments that 
postulate SPE, brain activation decreases for longer SOAs in 
visual experiments, but increases for longer SOAs in auditory 
experiments (Anderson & Holcomb, 1995). 

DESIGN 

The review shows the variability in experimental 
conditions; for example, some of the study designs included 
three conditions – related word pairs, unrelated word pairs 
and pseudoword target pairs (e.g.: Kircher et al., 2009; 
Rissman et al., 2003, Ruff et al., 2008). Other studies divided 
the related prime-target combinations into strong and weak 
association strengths (Tivarus et al., 2006; Wible et al., 2006) 
or into thematic and categorical association (Kotz et al., 2002; 
Sachs et al., 2008; Sachs et al., 2011, Sass et al., 2009). 
Approximately half the studies included fixation trials as the 
baseline (e.g. Gold et al., 2009; Matsumoto et al., 2005; 
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Rossell et al., 2003); the other half did not include a resting 
baseline to compare brain activation between conditions 
(related versus unrelated; unrelated x related; Kotz et al., 
2002; Sachs et al., 2008; Sachs et al., 2011, Sass et al., 2009).

STIMULI

The selection of semantically-related pairs was based on 
previously published norms of semantic association or 
ambiguity (e.g., Copland et al., 2003; O`Hare et al., 2008; 
Rossell et al., 2001; Ruff et al., 2008). Some studies, however, 
normed their stimuli by asking participants to rate the 
semantic relation between prime and target words (Liu et al., 
2010; Kircher et al., 2009; Sachs et al., 2008; Sass et al., 
2009). Yet some experiments used previously-designed 
stimuli (e.g., Gold et al., 2006; Rissman et al., 2003). The 
number of trials ranged from 80 to 720. The most frequent 
number of trials used was 150 (Copland et al., 2003; Copland 
et al., 2007; Matsumoto et al., 2005). All studies with the 
exception of Kircher et al. (2009) were concluded in one 
session; studies with a larger number of trials were divided in 
up to four blocks of stimuli (Gold et al., 2009; Kotz et al., 2002; 

Liu et al., 2010).

DURATION OF TRIALS AND INTERTRIAL/INTERSTIMULUS 
INTERVALS

One of the major contentions in the literature is whether 
the SPE is determined by automatic or strategic (controlled) 
mechanisms. Even though the two mechanisms do not 
operate in total isolation (McNamara, 2005), the design of the 
task may favor one or another. SOA determines whether 
processes activated during semantic priming are automatic 
or controlled. We use the definitions according to Neely 
(1991) for short and long SOA. In the articles revised, the SOA 
varied from 50ms to 1000ms; thus, the studies analyzed 
included priming tasks in which SPE involves automatic 
(range from 50 to 300; Copland et al., 2003; Liu et al., 2010; 
Sachs et al., 2008) and controlled processes (range from 350 
to 1000; Copland et al., 2007; Sachs et al., 2011; Wible et al., 
2006). SOA was manipulated as an independent variable in 
three studies (Rossell et al., 2001; Rossell et al., 2003; Gold et 
al., 2006) that used both short and long SOAs to verify 
differences in SPE associated with automatic or controlled 
processes. Table 2 shows the design of the studies.
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Nearly half the studies chose to present the target 
following the prime, without intervals (no interstimulus 
interval; ISI); in these studies, the SOA equaled the duration of 
the presentation of the prime. The presentation, or not, of a 
cue before the prime is another difference between studies; 
also, the duration of the cue ranged from 50 to 1150ms. The 
duration of presentation of the prime ranged from 50 to 
1000ms, and of the target, from 150 – 2000ms; inter-trial 
interval (ITI) ranged from 200 to 18000ms. The use of 
different experiment designs may have a direct impact on the 
processing time of prime and target. 

PROCEDURES

Most studies adopted event-related designs, with the 
exception of Rossell et al. (2001) and Tivarus et al. (2006), 
who used block designs. The event-related design offers 
some advantages when compared to block design. The use of 
events allows better decomposition of brain activation for 
specific events (Donaldson & Buckner, 2001; Huettel, Song, & 
McCarthy, 2009). Event-related experiments should consider 
ways to better investigate the time course for the 
hemodynamic responses. Alternatives to that include for 
example using a jittered ITI. The other studies reported using 
ITI, which generally were not multiples of the TR (i.e., jittered 

ITI). Among the 17 event-related studies, five did not report 
the ITI (Gold et al., 2006; Kotz, et al., 2002; Liu et al., 2010; 
Matsumoto et al., 2005; Wible et al., 2006). 

AREAS OF BRAIN ACTIVATION ASSOCIATED WITH LONG AND 
SHORT SOA TASKS

The results of the studies show a distributed neural 
network associated with automatic and controlled lexical 
decision processes (automatic vs. controlled priming). There 
were differences associated with the automaticity and control 
and with the modality of stimuli presentation. For studies that 
used ambiguous stimuli (i.e.; a dominant and subordinated 
condition based on word meanings) as an independent 
variable, we considered only the dominant versus unrelated 
conditions. Experiments that do not use ambiguous stimuli 
usually present pairs of words related to condition that have 
intermediate or strong semantic association strength. Finally, 
Kotz et al. (2002) and Ruff et al. (2008) did not report the SOA 
used in their tasks and therefore were excluded from the final 
analysis. 

One of the common findings between studies was more 
activation of the left middle temporal gyrus (MTG) for the 
unrelated pairs in comparison to the related pairs of words. 
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Activation of the left MTG is associated with semantic 
memory and semantic processing (Copland et al., 2003; 
Rossell et al., 2001); it is also associated with lexical-
semantic processes, such as semantic priming, lexical 
decision and semantic judgments (e.g. Friederici, Opitz, & 
Cramon, 2000). The modulation of left MTG activation can be 
explained by the automatic spreading activation theory 
(Collins & Loftus, 1975); the lexical choice facilitated by the 
semantic association between prime and target is associated 
with the reduction of activation for pairs of related words 
compared with pairs of unrelated words. 

Less activation of areas associated with strategic control 
suggest more automatic lexical decision processes. As 
mentioned before, the contemporary view of automaticity 
postulates that a behavior becomes automatic when there is 
a transition from goal-directed behavior controlled by a 

frontal-parietal executive system to a state in which the 
frontal strategic control drops away (Just & Buchweitz, 2014). 
Regarding this issue, tasks can be considered automatic in 
terms of the neural systems they engage, if they do not 
require appreciable executive control by the frontal-parietal 
systems. The strategic control mechanism entails processes 
executed in the middle frontal gyrus, anterior cingulate, left 
insula, bilateral parietal, and occipito-temporal areas (Chein & 
Schneider, 2005). Though not robustly, the results from our 
review suggest activation of the anterior cingulate cortex only 
in one study of long SOA. Also, three studies with long SOA, 
and one with short SOA reported activation of the middle 
frontal gyrus (see Tables 3 and 4). 

Studies that applied long SOAs show bilateral MTG 
activation. Tables 5 and 6 show the areas of brain activation 
related to SPE on experiments with SOAs longer than 300ms. 

Figure 1. Agglutination of activations of brain areas in semantic priming effects in the reviewed studies. Centroids of activation with long SOA (blue 
circle) and short SOA (red X) in the LIFG and LMTG. 
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That was a common result for the studies applying long and 
short SOAs. Activation was reported for the frontal and 
temporal lobe, including the inferior frontal gyrus (IFG), middle 
frontal gyrus (MFG), middle temporal gyrus (MTG), and 
superior temporal gyrus (STG). Left IFG activation is 
associated with the controlled characteristic of the SPE; it 
may be associated with the executive control of retrieval and 
selection from semantic memory (e.g. Rossell et al., 2003; 
Sachs et al., 2011). The left IFG was not consistently reported 
to be activated in studies with short SOAs. Already the finding 

that LIFG activates with long SOA, but not with short SOA, 
suggests more strategic control processes in long SOA tasks. 
Figure 1 shows the centroids of activation for studies with 
long and short SOA tasks that reported LIFG activation (LMTG 
also shown). The blue circles in the glass-brain figure show 
the centroids for long SOA tasks; the red crosses showthose 
for the short SOA tasks. There is clearly more activation in 
frontal lobe areas for the studies with long SOA. Activation of 
left MTG was found in both short and long SOAs; this 
suggests a role of this area for lexical-semantic processes in 
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general (Rossell et al., 2003; Copland et al., 2003; Liu et al., 
2010).

Activation of areas of the right hemisphere in lexical 
decision tasks included the superior temporal gyrus (STG), 
middle frontal gyrus (MFG) and the anterior cingulate cortex 
(ACC). The activation of the right MFG may be associated 
with the strategic, controlled process involved in SPE with 
long SOAs. This area was associated with extensive mental 
search in the semantic network, higher retrieval effort, and 
decision uncertainty (Kotz et al., 2002; Sachs et al., 2008; 
Sass, Krach et al., 2009; Tivarus et al., 2006). Moreover, ACC 
activation may result from the online monitoring performance 
function of this area (Carter et al., 1998). 

Comparisons between Table 3, 4 and 5 show more brain 
areas activated overall for studies that used long SOA. SPE at 
short SOA is associated with less activation overall, whereas 
SPE at long SOAs was associated with more activation 
overall. This finding corroborates earlier predictions that 
controlled SPE should trigger more cerebral activity for the 
related versus unrelated conditions (Mummery et al., 1999).

FINAL CONSIDERATIONS

The aim of the present study was to review semantic 
priming studies using lexical decision tasks published from 
2001 to 2017. The analysis of 20 articles showed different 
patterns of brain activation when comparing studies with 
short and long SOAs. Experiments using SOAs shorter than 
300ms found most frequently less activation for the left 
middle temporal gyrus (MTG) in the related word pair 
conditions relative to the unrelated word pair conditions 
(Copland et al., 2003; Gold et al., 2006; Liu et al., 2010; Rossell 
et al., 2001; Rossell et al., 2003). Experiments that used SOAs 
longer than 300ms found more common areas of activation, 
including the left inferior frontal gyrus (IFG) (e.g. Matsumoto 
et al., 2005; Tivarus et al., 2006; Wible et al., 2006), and 
anterior cingulate cortex (ACC) (Copland et al., 2007; 
Matsumoto et al., 2005; Wible et al., 2006). SPE has been 
associated with inferior and superior temporal lobe (Verfaellie 
& Keane, 1997), left pre-frontal cortex (Raichle, Fiez, & Videen, 
1994; Demb, Desmond, & Wagner, 1995), left inferior frontal 
and left medial and inferior temporal gyri activation (Blaxton, 
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1999). There is converging evidence in relation to the specific 
involvement of areas of the brain associated with controlled, 
strategic processes for semantic priming tasks with long SOA, 
and for less activation overall associated with semantic 
priming tasks with short SOA. There is also converging 
evidence for the expected involvement of temporal-lobe 
structures; however, the variability in experimental design and 
choice of stimuli and analyses also reflects in a diverse 
network of areas found in different experiments.

The studies show a clear role of left hemisphere for 
automatic and controlled SPE. One question that may arise at 
this point is to understand brain plasticity processes in adult 
patients with left-hemisphere brain lesions who are able to 
perform lexical decision tasks. Different areas of the left 
hemisphere are activated or deactivated depending on short 
or long SOA experiments; a question that arises is whether 
patients with left-hemisphere temporal-lobe lesions perform 
equally well on short and long SOA experiments. At last, the 
present study did not review all studies that investigated SPE 
neural basis through fMRI exams; the findings discussed here 
apply exclusively to the studies that met the review criteria.
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