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Background: Enhanced automatic spreading of activation in the semantic network has been suggested to underlie formal thought disorder in patients with schizophrenia, but it is not clear how this relates to the dopaminergic dysfunction implicated in the disorder. Previous
studies on dopaminergic modulation of priming in healthy volunteers have focused on controlled rather than automatic processes. The
present study aimed to examine the effects of both a dopaminergic agonist and a dopaminergic antagonist on semantic priming while
minimizing the contribution of controlled processes. Methods: We investigated the effects of levodopa (L-Dopa; 100 mg), haloperidol
(2 mg) and placebo on priming in healthy participants within a randomized, double-blind, crossover design. We used a pronunciation
priming task with word triplets; the middle word was an ambiguous word, whereas the first word of the triplet served to provide either a
congruent, incongruent or unbiased context for the target word. Two stimulus onset asynchronies (SOA) were used: 150 ms and 750 ms.
Results: The study involved 34 participants. At an SOA of 150 ms, L-Dopa accelerated responses to incongruent targets and subordinate targets of ambiguous words, whereas haloperidol was associated with faster responses in congruent contexts and dominant targets.
At an SOA of 750 ms, haloperidol accelerated responses to subordinate targets. Limitations: Modulations in the relative magnitude of
priming according to substance and condition rather than absolute priming were assessed. Conclusion: Effects of L-Dopa on automatic
priming processes appear to be different than those on controlled processes. Our results are consistent with those of studies on semantic priming and the effects on antipsychotics in patients with schizophrenia.

Introduction
The semantic priming effect refers to the observation that reaction times (i.e., pronunciation or speeded lexical decision)
to a target word, such as “dog” are faster when the word is
preceded by a related prime (e.g., “cat”) than when it is preceded by an unrelated word (e.g., “pen”).1,2 This effect is attributed to an automatic spreading of activation, initiated by
the prime word, to adjacent nodes within the semantic network,3,4 but also to controlled processes not related to the semantic store, such as attention-based expectancy (i.e., generation of predictions) and postlexical matching (i.e., evaluation
of the semantic association between prime and target).4,5

These processes can be differentially tapped by manipulating
various aspects of priming paradigms, such as the prime–
target interval (stimulus onset asynchrony [SOA]), the proportion of related word pairs or the nonword ratio in lexical
decision designs. It is generally accepted that the contribution
of controlled processes to priming becomes more pronounced with the increase of any of the aforementioned variables and is greater in lexical decision tasks than word pronunciation tasks.5,6
Semantic priming tasks have been widely used in the
schizophrenia literature. Several studies have reported increased single-word priming in patients with schizophrenia,
especially those with formal thought disorder.7–12 Although
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not always replicated,13–17 this hyperpriming appears to be
highly consistent under conditions favouring automatic
processes18 as well as for target words either indirectly (e.g.,
lemon–sweet) 10,18–20 or weakly associated with the prime
word.21 Based on these observations, it has been suggested
that automatic spreading of lexical activation is accelerated
and/or travels abnormally large distances in thoughtdisordered patients with schizophrenia.18,22 In line with this
assumption, a functional neuroimaging study reported increased activity during indirect automatic priming in patients
with schizophrenia compared with controls in regions associated with semantic processing.23 This excessive spread of activation has been hypothesized to constitute the cognitive correlate of positive formal thought disorder.9,18,21
However, it is not clear how these findings relate to the
dopaminergic dysfunction assumed to underlie schizophrenia.24,25 Several studies showing a reduction of indirect semantic priming upon administration of levodopa (L-Dopa) or
dopaminergic agonists in healthy individuals26–28 have led to
the suggestion that dopamine (DA) increases the signalto-noise ratio within the semantic network, resulting in a
more focused activation pattern.27,29 This assumption is consistent with the results of priming studies using ambiguous
words: single-dose administration of L-Dopa in healthy participants has been found to reduce priming for targets related
to the subordinate (i.e., less frequent) meaning of ambiguous
words — this is hypothesized to reflect an increased semantic
focus on the basis of meaning frequency.29,30
However, all of the above findings concerning indirect
priming have been obtained under conditions favouring controlled processes, i.e., lexical decision tasks with SOAs greater
than 500 ms.26–28 Moreover, one of the studies that combined
behavioural with functional neuroimaging data30 implicated
attentional/controlled rather than automatic mechanisms in
reduced priming for subordinate targets of ambiguous words
after administration of L-Dopa. Hence, the findings mentioned previously do not provide a satisfactory account for
the priming abnormalities in patients with schizophrenia,
which appear to arise from disturbances in automatic rather
than controlled spreading of activation. Although it has been
argued that increased indirect priming in patients with
schizophrenia could result from decreased prefrontal dopaminergic activity and, hence, a dysfunction of controlled processes,27 this assumption is rather implausible, given that patients exhibit hyperpriming mostly at short SOAs; at long
SOAs (i.e., similar to those of the previously mentioned
studies) and/or controlled conditions, priming tends to be, if
anything, reduced in patients with schizophrenia.18,31
Thus, studies investigating priming under automatic access conditions would be very informative with regard to the
association between dopaminergic activity and formal
thought disorder. So far, few such data are available. In one
of the studies reporting decreased indirect priming at the
long SOA condition under L-Dopa,26 there was also some evidence of increased indirect priming at the short SOA. Based
on this observation, the authors proposed that DA modifies
the time course of semantic processing by accelerating both
the activation of nodes within the mental lexicon and the de-

cay of such activation;26 however, the effect of L-Dopa at the
short SOA was weak. In another similarly designed study, no
differences in direct or indirect priming were found between
L-Dopa and placebo in the short SOA condition.27 A functional neuroimaging study also found increased activity of
the middle temporal gyrus, an area involved in automatic semantic priming, during priming of the dominant meaning of
ambiguous words;30 this might suggest an increased activation of the semantic network which, however, was not reflected in the behavioural data. It appears, then, that the effect of L-Dopa on automatic priming processes might be
different than, or even opposite to, its effect on controlled
processes. Tentative support for this assumption comes from
findings in studies of Parkinson disease, a disorder characterized by DA depletion: although patients with Parkinson disease exhibit abnormalities both in automatic and controlled
priming, a recent study reported that only the former showed
some normalization with dopaminergic agonists.32
The aim of the present study was, therefore, to provide direct evidence for the previous assumption by investigating
how dopaminergic modulation affects semantic priming
under automatic access conditions. An important consideration was that the failure of previous studies to detect increased automatic semantic priming after administration of
L-Dopa could reflect ceiling effects, which have been suggested to limit the extent of priming.27 To enhance observed
effects, several methodological modifications were applied in
the present study in comparison to previous ones. First, we
used a crossover design to increase both the number of observations and statistical power. Second, to increase the contrast
of observed effects, priming performance under L-Dopa was
not compared only to placebo, but also to the dopaminergic
antagonist haloperidol; this should additionally render results
more comparable to clinical observations, since dopaminergic
antagonists constitute the treatment of choice in patients with
schizophrenia. To our knowledge, this is the first time the effects of haloperidol on priming have been investigated in
healthy participants. Finally, we used a priming paradigm
that takes advantage of a well-known property of ambiguous
words: the activation of their different meanings to a various
extent of selectivity and strength according to the context.

Methods
Participants and design
The present study was part of a larger project investigating
the effects of dopaminergically active drugs on cognitive
functions associated with psychotic symptoms. Participants
were healthy individuals recruited among students and acquaintances of the research team. Participants were required
to be between 18 and 40 years old, right-handed and native
speakers of German. Exclusion criteria were any past or current psychiatric or neurologic disorder (including substance
use disorders); a family history of schizophrenia or bipolar
disorder; history of craniocerebral trauma, arterial hypertension, cardiological or serious medical conditions; pregnancy;
or treatment with any psychotropic or other drugs. Eligibility

J Psychiatry Neurosci 2014;39(2)

111

Andreou et al.

for the study was confirmed by means of an interview conducted by a trained doctoral-level student. The study was approved by the Ethics Committee of the Medical Association
Hamburg, and was performed in accordance with the ethical
standards laid down in the current version of the Declaration
of Helsinki. All participants gave their written informed consent before participating in the study.
We assessed the effects of dopaminergic agents on priming
using a randomized, double-blind, 3-way crossover design. In
3 successive visits, participants were administered either
100 mg of L-Dopa and 25 mg of benserazide, 2 mg haloperidol
or placebo in randomized order and under double-blind conditions. The dose of L-Dopa was identical to that used in previous behavioural26,27,29 and neuroimaging studies.30,33 The dose of
haloperidol was chosen to correspond to a D2-receptor occupancy of around 70%, which is deemed sufficient for a clinical
response while minimizing the risk of adverse effects.34,35
The 3 visits were separated by at least 7 days to allow a
complete wash-out of the drug with the longer half-life
(haloperidol).36 We used a double-dummy design (Table 1) to
compensate for the different time to reach maximal serum
concentration (Tmax) of haloperidol and L-Dopa.36 The testing session began at the Tmax of each drug; the priming
paradigm was the third task administered, approximately
25 minutes after the onset of the testing session. To ensure
that the blinded condition was preserved, participants were
asked to guess which substance they had received at the end
of each session. Moreover, to rule out performance differences due to nonspecific effects of the drugs, we also administered the d2 letter cancelation test, a test of selective attention,37 at each session.
We assessed subjective psychological, somatic and motor
(adverse) effects of the drugs through subjective ratings at
the time of ingestion of the second capsule (t1) and after the
end of the testing session. Moreover, blood pressure and
pulse were regularly monitored. Participants were paid a total of 80€ (or 40€ plus course credit for students) or a proportional amount in case of early drop-out from the study.

Priming task and procedure
The priming paradigm was adapted from that used by
Schvaneveldt and colleagues.38 Stimuli consisted of 3-word
sequences, in which the second word was always an ambiguous word with 2 independent meanings (e.g., “bark”). The
third word was always a dominant or subordinate associate
of the ambiguous word, whereas the first word was either related to the same meaning of the ambiguous word as the
third word (congruent condition; e.g., noise–bark–dog), reTable 1: Double-dummy design of study drug administration
Study drug

t0

t1 (1.5 h after t0)

t2 (2.5 h after t0)

Haloperidol

Haloperidol

Placebo

Levodopa

Placebo

Levodopa

Placebo

Placebo

Placebo

Onset of testing
session
Onset of testing
session
Onset of testing
session
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lated to a different meaning of the ambiguous word (incongruent condition; e.g., tree–bark–dog), or completely unrelated to the ambiguous word (unbiased condition; e.g.,
pen–bark–dog).
Various versions of this paradigm have produced consistent facilitation effects for congruent targets and inhibition effects for incongruent targets under controlled access conditions.38–41 However, under conditions favouring automatic
processes (short SOAs, masked priming, pronunciation
tasks), similar priming effects have been reported for both
congruent and incongruent targets.1,40 In the present study,
we implemented the paradigm as a pronunciation task with
an SOA of 150 ms to eliminate both expectancy and postlexical matching effects.5 We also included a second SOA of
750 ms to allow a view into the time course of the effects of
the 3 substances. We expected that the effect of condition described at the beginning of this paragraph would be observable with placebo only at the long SOA, whereas reduced inhibition of incongruent targets would appear at the short
SOA for L-Dopa if it has an enhancing effect on automatic
spreading of activation.
We constructed 3 stimulus lists as follows. For 2 sets of
18 ambiguous German words, 2 dominant and 2 subordinate
associates were selected from published association norms41,42
such that 2 triplets (1 with a dominant and 1 with a subordinate target) were built for each of the congruent and incongruent conditions. Two unbiased triplets were also built by replacing the first word of the triplets with associates of other
ambiguous words on the list. Each stimulus list contained
2 sets of 12 congruent, 12 incongruent and 12 unbiased
triplets, with half of them ending in dominant and half in subordinate associates of the ambiguous word. Thus, participants
were presented with all possible permutations of triplet conditions over the 3 sessions. In any single session, there was no
repetition of end words (targets), whereas each ambiguous
word appeared twice in different contexts and with different
targets. Filler trials were constructed by combining a further
36 ambiguous words with various permutations of 6 unrelated words according to the same procedure. Thus, at each
session, 36 experimental and 36 filler trials were presented at
both SOAs. An example set of stimuli is presented in Table 2.
There were no differences in mean length, printed frequency43 and subjective familiarity,42 neither in orthographic
neighbourhood43 nor in initial phoneme, between dominant
and subordinate targets (all p > 0.20). Moreover, there were

Table 2: Example stimuli for the priming paradigm*
Condition
Congruent
Incongruent
Unbiased
Congruent
Incongruent
Unbiased

Target type

Dominant

Subordinate

Prime 1

Prime 2

Target

Play
Gown
Pen
Gown
Play
Pen

Ball
Ball
Ball
Ball
Ball
Ball

Round
Round
Round
Dance
Dance
Dance

*Actual stimuli were German words; for the sake of comprehensibility, the example
has been translated into English (“ball” = ball; dominant meaning = “round object”;
subordinate meaning = “dance”).
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Statistical analysis
The dependent variable was the RT for correct responses. Because of the skewed distribution of RT data, outliers (RTs exceeding 2 standard deviations from the participant’s mean
per condition) were eliminated, and a logarithmic transformation was applied before conducting the analysis. To avoid
unrepresentative means, we determined a priori that participants would be excluded from analyses if their mean RTs in
at least 1 experimental condition were based on fewer than
5 valid values after elimination of incorrect responses, failed
voice key recordings and outliers.
We investigated group differences using a 3 (substance) × 3
(condition) repeated-measures analysis of variance (ANOVA)
for each SOA separately. For the sake of interpretability, significant interactions were followed by simple contrasts. Moreover, in light of previous studies suggesting differences in LDopa effects between dominant and subordinate targets,29,30
we conducted 3 (condition) × 2 (target type) repeatedmeasures ANOVAs for each substance and SOA to more
closely inspect the activation profiles for each substance per
condition and target type. However, these latter analyses
should be considered exploratory because they were based on
5–6 items per condition. In cases of violation of the sphericity
assumption, we applied a Greenhouse–Geisser correction.
Significant condition effects were followed up with polynomial contrasts; according to previous findings, we expected a
linear trend for placebo at an SOA of 750 ms, with increasing
RTs from congruent to unbiased to incongruent triplets.

person was excluded from our analyses owing to technical
failure of the priming experiment in the placebo session, and 6
were excluded owing to an insufficient number of valid responses per condition, leading to a final sample of 34 participants. Mean RTs of correct responses per condition are provided in Table 3. The rate of errors (0.7%), outliers (0.6%) and
failed voice key recordings (0.4%) was very low, and there was
no evidence of a speed–accuracy trade-off (r = 0.001, p = 0.98).
There were no significant differences among the 3 substances in d2 scores (F2,66 = 1.26, p = 0.3) or adverse effects (main
effect of substance: F2,66 = 0.35, p = 0.7; time × substance interaction: F3.2, 107.9 = 1.8, p = 0.2). There were no drop-outs and no premature session terminations owing to adverse effects. There
was also no association between ingested and guessed substance (χ26 = 8.5, p = 0.2).

Short SOA (150 ms)
There were no significant main effects of substance (F1.7, 54.6 =
0.30, p = 0.74) or condition (F2,66 = 0.06, p = 0.94). However,
there was a significant substance × condition interaction
(F4,132 = 3.16, p = 0.016). Simple contrasts indicated that, compared with placebo, haloperidol was associated with significantly faster RTs to targets in the congruent relative to the
unbiased condition (F1,33 = 4.71, p = 0.037). Moreover, facilitation of targets in the incongruent relative to the unbiased
condition was increased at a trend level with L-Dopa compared with placebo (F1,33 = 2.35, p = 0.13). Follow-up pairwise
comparisons showed that there were no differences among
substances in the congruent and unbiased condition. However, RTs to incongruent triplets were faster at a trend level
after administration of L-Dopa than haloperidol (t = 1.69,
p = 0.11) or placebo (t = 1.76, p = 0.09; Fig. 1).
Analyses by condition and target type are described in
Table 3. Condition had no significant effect on RTs in the case
of placebo. Its main effect was significant with L-Dopa and
haloperidol, but in opposite directions: for haloperidol, RTs
decreased from incongruent to congruent triplets, whereas
for L-Dopa the reverse effect was observed (Fig. 1). The RTs
to dominant targets were significantly faster than those to
subordinate targets with haloperidol. This effect was also apparent at a nonsignificant trend level with placebo, but not
with L-Dopa.

Mean reaction time, ms

no differences in length, frequency and familiarity among the
first words of congruent, incongruent and unbiased triplets
(all p > 0.20), nor between the 2 homonym sets regarding the
first, ambiguous or target words (all p > 0.20).
Stimuli were presented on a PC running Microsoft Windows
XP. We used the E-prime software44 to present stimuli and
record accuracy rates and reaction times (RTs). The order of
presentation of stimulus lists was counterbalanced across sessions; the order of presentation of the 2 SOA conditions was
also counterbalanced per participant and session. Each trial
started with the presentation of a fixation cross for 1000 ms.
Then the 3 words of the triplet appeared in succession on the
screen (Arial 20 point font, centre position, black on white background); the first and second word appeared each for a duration equal to the SOA (i.e., either 150 ms or 750 ms), and the
third word remained on the screen for 2 seconds. We instructed
participants to pronounce the third word of each triplet as
quickly and accurately as possible. A voice key trigger recorded
RTs, and the experimenter recorded response accuracy with a
button click before the onset of the next trial. Each session began with a set of 20 practice trials that were not included in the
analysis; participants were required to achieve an accuracy of at
least 80% before the experimental session started.

500.00
Congruent

480.00

Unbiased
Incongruent

460.00
440.00
420.00
400.00
Haloperidol

L-Dopa
150 ms

Results

Placebo

Haloperidol

L-Dopa

Placebo

750 ms

Stimulus onset asynchronies

A total of 41 university students (17 women) with a mean age
of 24.4 ± 3.8 (range 19–36) years participated in the study. One

Fig. 1: Mean response times for each condition, substance and
stimulus onset asynchronies. L-Dopa = levodopa.
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Long SOA (750 ms)
The main analysis showed no significant main effects for substance (F1.7,54.5 = 0.95, p = 0.39) or condition (F1.7, 55.0 = 0.12, p = 0.88),
nor a significant interaction (F4,32 = 1.0, p = 0.41). Analyses by
condition and target type for each substance separately
(Table 3) showed only a marginally significant effect of target
type for haloperidol, with RTs for subordinate targets being
faster than for dominant targets. All other main effects and
interactions for all substances were nonsignificant. However,
a linear trend of condition was observed for placebo, indicating a gradual RT acceleration from incongruent to unbiased to congruent targets (Fig. 1).

Discussion
The present study investigated the effects of L-Dopa and a DA
antagonist on semantic priming in healthy individuals; to our
knowledge, this is the first time the effects of a DA antagonist
have been studied. The task used was designed to maximize
the contribution of automatic lexical processes and consisted of

a triplet priming paradigm that assessed RTs to pronunciation of ambiguous word associates in various contexts.
An important point to keep in mind when interpreting our
results is that the paradigm we used did not include a completely neutral condition, as this would have led to an unacceptable number of condition permutations and/or target
repetitions. Priming is expected to have occurred in all conditions, even in the unbiased one, since that too included a related prime–target word pair. Thus, the task did not assess
absolute priming, but rather modulations in the relative magnitude of priming according to substance and condition.
Results were in the expected direction after administration
of placebo. At the short SOA, there were no RT differences
among the 3 conditions, indicating a similar amount of facilitation irrespective of whether the first prime was congruent,
incongruent or unbiased to the target. This finding is consistent with those of previous studies that have investigated
triplet priming under similar conditions (e.g., masked conditions,40 pronunciation task45). At the long SOA, we observed
an RT acceleration trend from the incongruent to the unbiased to the congruent condition. This finding is also in

Table 3: Mean reaction times and standard deviations (in milliseconds) for each substance, condition and target type separately*
Group; mean RT ± SD
Substance; condition

Dominant

Subordinate

SOA of 150 ms
Haloperidol
Congruent
Incongruent
Unbiased
L-Dopa

464.86 ± 67.4
483.68 ± 76.3
481.08 ± 56.5

Congruent
Incongruent
Unbiased
Placebo

485.54 ± 71.3
463.70 ± 67.6
474.93 ± 64.1

Congruent
Incongruent
Unbiased
SOA of 750 ms
Haloperidol

478.17 ± 51.5
470.28 ± 58.0
470.48 ± 61.6

Unbiased
Congruent
Incongruent
L-Dopa

442.65 ± 99.7
442.52 ± 105.6
437.81 ± 70.0

Unbiased
Congruent
Incongruent
Placebo

425.19 ± 86.2
425.75 ± 86.6
425.81 ± 82.0

Unbiased
Congruent
Incongruent

429.13 ± 79.0
429.86 ± 78.46
440.18 ± 86.88

ANOVA results
Effect/interaction

F

p value

Direction/post hoc

Target type
Condition

4.96
3.17

0.033
0.049

Dominant < subordinate
linear F = 4.74, p = 0.037

Target type
Condition

0.48
3.04

0.49
0.06

Linear F = 6.48, p = 0.016

Target type
Condition

2.55
0.73

0.12
0.49

Dominant < subordinate

Target type
Condition

3.89
0.02

0.06
0.98

Subordinate < dominant

Target type
Condition

1.03
0.61

0.32
0.56

Target type
Condition

0.01
1.19

0.98
0.31

480.39 ± 61.5
488.40 ± 65.0
494.46 ± 59.5

486.43 ± 68.8
473.37 ± 69.9
475.87 ± 82.1

483.88 ± 55.1
490.63 ± 70.3
474.45 ± 67.7

428.86 ± 76.2
431.84 ± 83.4
421.36 ± 69.1

417.48 ± 76.9
423.20 ± 63.5
422.10 ± 103.9
Linear F = 3.30, p = 0.08

446.42 ± 116.6
422.49 ± 62.4
440.24 ± 70.2

ANOVA = analysis of variance; L-Dopa = levodopa; RT = reaction time; SD = standard deviation; SOA = stimulus onset asynchronies.
*Results of 3 (condition) × 2 (target type) ANOVAs on RTs for each substance separately are presented. Target type × condition interactions are not displayed because they were not
significant in any case (all p > 0.4).
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accordance with previous studies investigating ambiguous
word priming in conditions favouring controlled pro cesses,38–41 although it was less pronounced in our study,
probably because the priming paradigm was not optimal for
investigating controlled processes.
At the short SOA, L-Dopa appeared to accelerate responses to targets following incongruent contexts. This
finding strongly suggests an increase in automatic spreading of activation in the semantic network under L-Dopa.
A contribution of controlled processes to the observed result is highly unlikely, since postlexical matching strategies
are not thought to be involved in pronunciation tasks5,45 and
expectancy-based priming is unlikely to occur at such short
SOAs.5 Thus, this finding can be paralleled to observations
of hyperpriming under automatic access conditions and for
weak or indirect stimulus dimensions in patients with
thought disorder,9–11,18–21 rendering dopaminergic hyperactivity a plausible basis for priming abnormalities in patients
with schizophrenia.
On the other hand, acceleration of RTs in the congruent
relative to the unbiased condition was more pronounced
with haloperidol than with placebo. It is unclear whether
these effects constitute a genuine modulation of congruent
triplet priming or whether they reflect changes in unbiased
triplet priming. For example, inspection of RTs after administration of haloperidol indicates that the significant
difference between RTs in the unbiased and congruent condition may be due to decreased priming in the unbiased
condition as much as to increased facilitation of targets in
the congruent condition. Both of the above interpretations
are compatible with the known effects of antipsychotics in
normalizing formal thought disorder in patients with
schizophrenia (see the 2 studies by Goldberg and colleagues46,47), and they are not mutually exclusive. However,
the latter interpretation (i.e., enhanced facilitation of targets
in congruent contexts under haloperidol) is more consistent
with findings of previous studies in patients with schizophrenia, in whom treatment with antipsychotics increased
direct semantic priming47 and led to partial restoration of
the normal N400 priming effect,48 especially in automatic
access conditions. This would indicate that haloperidol has
a “focusing” effect on the automatic spreading of activation
within the semantic network. However, since there were no
differences between haloperidol and placebo in either the
congruent or unbiased condition in the present study, further studies with inclusion of a neutral condition are needed for this claim to be confirmed.
The priming paradigm used in the present study was not optimal for the investigation of dopaminergic effects on controlled
priming processes. Although some expectancy effects might be
expected at the long SOA, the relatedness proportion was not
particularly high; moreover, the inhibition effects observed in
lexical decision tasks, which are of central importance in the
case of incongruent triplets,39–41 have been suggested to be either
nonexistent or weak in pronunciation tasks like the one we
used.5 Thus, the absence of a significant condition × substance
interaction at the long SOA should probably not be interpreted
as evidence for the absence of an effect of L-Dopa or haloperi-

dol on priming under controlled access conditions. However,
this finding suggests that the effects of dopaminergic modulation on automatic processes are short-lived. This assumption is
compatible with the results of a recent meta-analysis on priming performance in patients with schizophrenia, which showed
that findings of hyperpriming apply only to short SOAs.18 It
is also consistent with models postulating an accelerated
but short-lived automatic spreading of activation in thoughtdisordered patients with schizophrenia.21
A final interesting point that deserves discussion is the
effect of haloperidol and L-Dopa on targets depending on
meaning frequency. Previous studies29,30 have reported reduced priming for subordinate targets of ambiguous words
with L-Dopa; although this effect was obtained at short
SOAs, it appeared to depend on controlled, attention-based
processes.30 The present study could not replicate this effect, possibly owing to the very different design of the
priming task used. Interestingly, however, there was evidence of exactly the opposite effect (i.e., increased priming
for subordinate targets) at the long SOA after administration of haloperidol. Thus, our findings lend support to the
view that dopaminergic activity does not modulate only
context-driven meaning selection, but also the selection of
semantic focus based on meaning frequency,30 with L-Dopa
leading to an increased focus on dominant meanings. However, these effects appear to depend on controlled processes and might again be quite different under conditions of
automatic access. In contrast to findings at the long SOA,
haloperidol was associated with significantly faster RTs for
dominant than subordinate targets at the short SOA. This
effect was also apparent, although nonsignificant, for
placebo (partial η2 = 0.7 for placebo v. 0.13 for haloperidol,
both effects in the medium range49). In contrast, the difference between dominant and subordinate targets virtually
disappeared in the case of L-Dopa (partial η 2 = 0.015).
Thus, at conditions of automatic access L-Dopa appeared to
decrease and haloperidol appeared to increase frequencybased semantic focus; these effects are compatible with
their proposed effects on the automatic spreading of activation we described.

Limitations
Certain limitations of the study need to be acknowledged.
First, our sample was younger and had a higher level of
education than typical samples of patients with schizophrenia. Second, we used a short SOA of 150 ms, such that
even the interval between first prime and target was below
the limits, beyond which controlled processes and inhibition occur (400 ms and 300 ms, respectively6). However, in
patients with schizophrenia, hyperpriming ceases to exist
at such “very short” SOAs,18 possibly because of perceptual processing abnormalities.9 Thus, although the investigation of healthy young participants under such “ideal”
conditions might provide more accurate insights into the
mechanisms governing priming, the generalizability of our
findings to clinical populations should be confirmed in further studies.
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Conclusion
Administration of L-Dopa, a dopaminergic agonist, led to increased priming for incongruent contexts and subordinate
targets in a priming paradigm that maximized the contribution of automatic lexical processes. In contrast, the dopaminergic antagonist haloperidol was associated with increased
priming for dominant targets. These findings are quite different than those obtained with L-Dopa under conditions of
controlled access, suggesting that dopaminergic modulation
has differential effects on the various processes involved in
priming. Moreover, our findings are consistent with those of
studies in patients with schizophrenia, lending further support to the view that aberrant automatic spreading of semantic activation underlies formal thought disorder in patients
with schizophrenia.
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