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Abstract

The present study used event-related potentials (ERPSs) to investigate the underlying neural
mechanisms of visual affective priming. Eighteen young native English-speakers (6 males, 12
females) participated in the study. Two sets of 720 prime-target pairs (240 affectively congruent,
240 affectively incongruent, and 240 neutral) used either words or pictures as primes and only words
as targets. ERPs were recorded from 64 scalp electrodes while participants pressed either “Happy”
or “Sad” buttons to indicate target pleasantness. The response time (RT) results confirmed an
affective priming effect, with faster responses to affectively congruent trials (659 ms) than affectively
incongruent trials (690 ms). Affectively incongruent trials had larger and more negative N200
activation than those to neutral trials. Importantly, a delayed N400 for word prime-target pairs
matched the RT results with larger negative amplitudes for incongruent than congruent pairs. This
finding suggests that the N400 component is not only sensitive to semantic mismatches, but is also

sensitive to affective mismatches for word prime-target pairs.
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1. Introduction

Priming refers to the phenomenon that previous experience with a given stimulus (e.g., word
or picture) biases or alters subsequent behavior (e.g., faster response time, improved accuracy,
or biased response to the same or similar stimulus). Affective priming occurs when the
processing of a positive stimulus (e.g., love) is faster and more accurate when it is preceded
by a positive stimulus (e.g., sunshine) rather than a negative stimulus (e.g., death). The time
needed to evaluate a target item as either “positive” or “negative” is significantly shorter when
its prime shares the same valence (i.e., positive-positive or negative-negative; affectively
congruent) in comparison to a prime and target of opposite valence (i.e., positive-negative or
negative-positive; affectively incongruent).

Unlike semantic priming and repetition priming which can last for minutes or days, affective
priming is short-lived in time [18,24,27,31]. Thus, the timing between prime and target stimuli
seems to be more critical for obtaining affective priming than for other forms of priming. In
typical affective priming studies (e.g., [18]), a positive or negative prime is presented for 200
msec and then followed by a positive or negative target after an inter-stimulus interval (i.e.,
IS1) of 100 msec, resulting in a stimulus onset asynchrony (SOA, the interval between the onset
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of the prime and the onset of the target) of 300 msec. Short SOAs at or below 300 msec have
been shown to be an important parameter for obtaining robust affective priming effects [30].

In recent years, various experimental tasks including evaluative categorization [15,24,26,31,
49], naming [2,16,20,23,24], and lexical decision tasks [25,26,52,53] have been utilized to
elicit affective priming effects. However, some failures to find affective priming have been
reported with pronunciation responses [29,51] and when using a semantic categorization task
[15]. Since affective priming is task-dependent and the original evaluative categorization task
reliably elicits this priming effect, we chose to use such a task for the current investigation.

Most research on affective priming was done by measuring response time (RT). So far,
however, relatively little is known about the neural mechanisms of this priming phenomenon.
The high temporal resolution of event-related potentials (ERPs) allows for a more detailed
analysis of the time course of neural mechanisms that constitute affective priming. Previous
studies (e.g., [12,28,35]) have shown that ERPs are effective at revealing neural responses
associated with semantic priming effects. They reported that semantically related target words
evoked a smaller N40QO (i.e., a negative component observed in ERPs around 400 msec after
the target onset) than non-related targets, termed the N400 priming effect. The source of the
N400 is thought to be localized to the superior temporal lobes, which are related to semantic
processing [34]. The underlying mechanisms for this N400 priming effect have been
interpreted in terms of spreading of activation within a semantic network (e.g., [13,14]) or
integration of semantic information (e.g., [7,8,12]).

Recently Schirmer and colleagues [45] used ERPs to investigate the influence of emotional
prosody context on written word processing (i.e., cross-model affective priming effect) with a
lexical decision task. The written emotional words were either congruous or incongruous with
the emotional prosody of a preceding spoken sentence. Their results showed that incongruous
words elicited a larger N40O than congruous words. The authors suggested that emotional
prosody modulates word processing in a similar way as semantic sentence context. In a follow-
up study [44], the effect of emotional prosody was replicated in the prosody-word interference
task with spoken words that were either congruous or incongruous with the emotional prosody
of the speaker (e.g., the word “succeeded” spoken with angry or happy prosody). There was a
larger N400 to words that were spoken with incongruous compared to congruous prosody.
Similar findings have also been reported by Bostanov and Kotchoubey [3] using auditory
emotion name - exclamation pairs. They found a negative wave, the N300, in ERPs to
contextually incongruous exclamations, and interpreted this component as analogous to the
well-known N400 response to semantically inappropriate words.

Although the discussed ERP studies used auditory prime stimuli to investigate affective
priming, whether such results could be expanded to visual prime stimuli including written
words and pictures is currently unknown. The objective of the present study is to examine the
electrophysiological correlates of the affective priming effect using visual primes.

Spruyt et al. [50] found that replicable affective priming of naming responses can be obtained
when pictures are used as primes but not when words are used as primes. Several other
researchers, however, used words as primes and found affective priming effects (e.g., [2,23]).
Thus, the current study included both picture-as-prime and word-as-prime conditions. We
hypothesized that differential ERPs would be associated with picture and word affective prime
targets.

Additionally, a large portion of affective priming studies considered the affective priming

effect to constitute differences between affectively congruent trials and affectively incongruent
trials, although studies examining other priming effects (e.g., semantic priming effect) typically
compared congruent (or related) trials with neutral (or unrelated) trials. Several studies (e.g.,
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[18,22,24]), indeed, utilized a neutral control condition to assess the influence of facilitation
and inhibition processes in affective priming, and demonstrated facilitation for affectively
congruent trials and/or inhibition for affectively incongruent trials. The present study also
examined ERPs evoked by neutral and affectively congruent and incongruent trials by applying
neutral primes. We hypothesized that affective priming and semantic priming would share a
similar mechanism, i.e., an N400-like component indexing affective priming.

2.1. Participants

Eighteen right-handed volunteers (6 males, 12 females; M age = 22.39) from the University of
Kentucky participated in this experiment. Inclusion criteria were normal or corrected to normal
vision, ascore of 10 or below on the BECK depression inventory, no history of mental disorders
(e.g., clinical anxiety), and English as their first language. All subjects received monetary
compensation for participating in the study.

2.2. Stimulus Material & Experimental Design

The stimulus material consisted of 1440 prime-target pairs, which were divided into two
groups: 720 prime-target pairs using words as primes and 720 prime-target pairs using pictures
as primes. Only words were used as target items. Each group were subdivided into 240
affectively congruent prime-target pairs (120 positive-positive, 120 negative-negative), 240
affectively incongruent prime-target pairs (120 positive-negative, 120 negative-positive), and
240 neutral prime-target pairs (120 neutral-negative, 120 neutral-positive). No prime-target
pairs had a semantic or associative relationship beyond affect type.

Prime stimuli consisted of 120 positive, 120 negative, and 240 neutral words from the Affective
Norms for English Words (ANEW) [4], as well as 120 positive, 120 negative, and 80 neutral
pictures from the International Affective Picture System (IAPS) [33]. The mean valence at a
1-9 point scale (with 9 being the most positive in valence dimension) was 2.38 for negative
words, 7.61 for positive words, 5.09 for neutral words, 2.52 for negative pictures, 7.49 for
positive pictures, and 4.98 for neutral pictures, respectively. In order to make 1440 prime-target
pairs, each positive and negative prime was used in two separate pairs, each neutral prime word
was used in only one pair, and each neutral prime picture was used in three separate pairs.

Word targets consisted of 240 words selected from ANEW [4] and equally divided in valence
(120 positive words, M = 7.64; 120 negative words, M = 2.44; 1-9 point scale with 9 being the
most positive in valence dimension). In order to make 1440 prime-target pairs, each target was
used in six separate pairs.

To reduce repetition times of primes and targets, 1440 prime-target pairs were assigned to three
lists. Each list contained 240 prime-target pairs using words as primes (80 affectively
congruent, 80 affectively incongruent, and 80 neutral) and 240 prime-target pairs using pictures
as primes (80 affectively congruent, 80 affectively incongruent, and 80 neutral). In each list,
only targets were repeatedly presented twice (i.e., targets in the picture-as-prime condition
were the same as those in the word-as-prime condition). Each participant received a list. Six
participants received the first list, six participants received the second list, and the remaining
six participants received the third list.

Figure 1 shows the timing of a trial. Each trial began with a fixation point presented for 300
msec. Following the fixation, a prime stimulus was displayed on the screen for 100 msec (for
words) or 200 msec (for pictures), and was replaced by the fixation point for 100 msec. After
disappearance of the fixation point, a target stimulus was presented for 300 msec, followed by
a 2500~2700 msec presentation of another fixation point. All words and pictures were
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presented against a black background on a computer screen. To avoid possible order effects,
presentation order of picture and word conditions was counterbalanced across subjects.

2.3. Evaluative Categorization Task

Participants were told that a word or picture would be briefly presented on the screen and be
immediately followed by a word. Participants were instructed to observe the first item (i.e.,
prime) but only respond to the second word (i.e., target). Responses were based on whether
the target word was pleasant or unpleasant. A keypad with a happy face and sad face indicated
to participants which of the two buttons to press. Participants were also instructed to respond
as quickly and accurately as possible and to refrain from head movements and eye blinking.
A 2-minute break after each 60-trial block was provided to help offset excessive movements.
Prior to testing, each participant performed 60 practice trials to ensure that the testing procedure
was well understood.

2.4. ERP recordings

Electroencephalogram (EEG) was recorded from 64 scalp electrodes (Figure 2) using an
electrode cap with Ag/AgCl inserts. All scalp electrodes were referenced to an electrode placed
between Cz and CPz. Vertical electrooculogram (VEOG) and horizontal electrooculogram
(HEOG) were recorded with two pairs of electrodes, one pair placed above and below left eye,
and another pair placed beside the two eyes. EEG signals were filtered with a bandpass of
0.1~40 Hz and sampled at a rate of 500 Hz. Impedance was less than 5KQ. Average ERPs
were formed offline from correct-response trials free of ocular and movement artifacts (>
+75uV). Each averaging epoch lasted 1200 msec (for the word-as-prime condition) or 1300
msec (for the picture-as-prime condition) with an additional 100 msec recorded prior to prime
onset to allow for baseline correction. Each scalp site resulted in six separate ERPs. The mean
number of individual trials per waveform was 58.

2.5. ERP Statistical Analyses

A visual inspection of the waveforms and topographies were initially conducted to detect
obvious differences among three affective congruency conditions. Additionally, explorative
analyses involving 2 (prime type) X 3 (affective congruency) ANOVAs were applied to each
electrode site at 50 msec consecutive samples in order to reveal consistent differences among
the three affective congruency conditions during the time course of the recording epoch. The
significant affective congruency effects were found mainly at parieto-occipital electrodes and
at 180-280 and 480-680 msec time windows post target onset.

Based on these explorative analyses, mean amplitudes were computed at time windows
180-280 and 480-680 msec for each subject and condition type. The amplitude measurements
were referenced to pre-prime baseline activity. Mean amplitude data for each time window
was subjected to a 2 prime type (word, picture) X 3 affective congruency (congruent,
incongruent, neutral) X 9 electrode site (P5, Pz, P6, PO5, POz, PO6, O1, Oz, O2) repeated
measures analysis of variance (ANOVA) test. Significance levels were set at 0.05 and
Greenhouse-Geisser corrections were reported with all effects having two or more degrees of
freedom in the numerator. All significant ANOVA effects were supplemented with Bonferroni
pairwise comparisons or simple main effects comparisons when appropriate.

Ipilot testing indicated that word primes were accurately perceived with a stimulus duration of 100 msec while picture stimuli required
200 msec for comparable accuracy scores.
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3. Results

3.1. Behavioral results

Table 1 presents the mean response time to target stimuli (RT)2 and response consistency (i.e.,
% of responses consistent with ANEW [for words] or IAPS [for pictures] valence scores) data
for each stimulus type and affective condition [4,33].

A 2 prime stimulus type (word, picture) X 3 affective congruency (congruent, incongruent,
neutral) repeated measures ANOVA was performed for RT and response consistency data.
Analysis of RT revealed a significant main effect for affective congruency, F(2,34) = 22.26,
p < 0.001. Pairwise comparisons showed that responses to affectively incongruent trials were
slower than neutral trials (p < 0.005) and affectively congruent trials (p < 0.001). No interaction
effects for RT data nor any significant effects for response consistency data were found.

3.2. ERP results

The grand mean ERPs elicited by affectively congruent, affectively incongruent, and neutral
trials in the word-as-prime and picture-as-prime conditions are shown in Figures 3 and 4,
respectively.

180—280 msec—This time interval corresponded to a negative-going wave (N200) that
peaked around 250 msec at parietal and occipital sites. A significant main effect of prime
stimulus type, F(1,17) = 40.602, p < 0.0005, indicated that trials with pictures as primes had
greater negativity than word as prime trials. The interaction between electrode site and affective
congruency also reached significance, F(16,272) = 2.629, p < 0.05. Tests for simple effects
indicated no differences in affective congruency at any electrode site for the picture-as-prime
condition. In the word-as-prime condition, however, voltages to affectively incongruent trials
were more negative than those to neutral trials at sites Oz and O2 (all p < 0.05). Figure 5(a)
shows the topography of difference waves (subtracting incongruent trials from neutral trials)
in this time window.

480—680 msec—This time interval encompassed a negative-going wave (N400) peaking
around 600 msec. A significant main effect of prime stimulus type, F(1,17) = 73.582, p <
0.0005, indicated that trials with picture primes had larger overall negative amplitudes than
word prime trials. The interaction between affective congruency and prime stimulus type also
reached significance, F(2,34) = 3.453, p<0.05. Simple effects indicated no significant affective
congruency effects in the picture-as-prime condition (Figure 4). For the word-as-prime
condition, however, voltages to affectively incongruent trials were more negative than those
to affectively congruent trials (p < 0.05). Fig. 5(b) illustrates the topography of difference
waves (subtracting incongruent trials from congruent trials) in this time window.

4. Discussion

The current study applied behavioral and ERP measures to compare affective priming when
pictures or words were used as primes. Previous behavioral studies have reported the affective
priming effect using pictures [20,23,50] or words [18,24,31] as primes. Behaviorally, the
present study replicated the affective priming effects, i.e., responses to affectively congruent
trials were faster than those to affectively incongruent trials using both word and picture primes.
In order to assess the influence of facilitation and inhibition processes in affective priming, the
present study also used neutral primes. Inconsistent with some studies [22,24], our RT results

2Any trial having a response inconsistent with its previously determined norm or having a RT value outside of a predetermined 300 -
1500 msec range was excluded from mean RT calculations (1.6% to all trials).
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showed that responses to neutral trials were significantly faster than affectively incongruent
trials, but the difference between neutral and affectively congruent trials failed to reach
significance. These findings suggest that affective priming may result from inhibition during
the processing of affectively incongruent primes. Incongruent primes disrupted these affective
processes while congruent primes had no effect. RT results alone, however, can not determine
whether inhibition is linked to semantic or decision-making processes. Our ERP data showed
that an N200 component distinguished incongruent prime-target pairs from neutral pairs,
although incongruent pairs were not clearly distinguishable from affectively congruent pairs.
For word primes, however, a N400 component indexed affective priming with larger negative
amplitudes occurring for incongruent than congruent pairs.

For both the N200 and N400 components, consistently larger negative amplitudes were found
when pictures were used as primes than when words were used as primes. This effect could
simply be related to cortical processes specific to stimulus type (i.e., pictures versus words),
or may reflect stimulus type differences/similarities between the prime and target. Since only
words were used as target items, the use of pictures as primes may have evoked greater
negativity by virtue of their stimulus mismatch between the prime and target. The latter
interpretation seems most appropriate since this component is sensitive to changes in stimulus
features and has a similar amplitude distribution (i.e., maximal at occipital / temporal sites)
[17].

Affective priming was indexed by a N400 component with incongruent trials having larger
negative amplitudes than congruent trials in the word as prime condition. This result parallels
several previous studies [3,45], which investigated affective priming effects using auditory
stimuli (e.g., emotional prosody, auditory emotion name) as primes and using written emotional
words or auditory exclamations as targets. Schirmer et al. [45] found that incongruous words
elicited a larger N400 than congruous words and suggested that emotional prosody context
operates in a similar way as semantic sentence context. Also, Bostanov and Kotchoubey [3]
found a negative wave, the N300, that indexed contextually incongruous exclamations, and
interpreted this component as analogous to the well-known N400 response to semantically
inappropriate words. Because semantically unrelated word pairs were found to produce more
negative N400 than the related word pairs in many studies [12,28,34,35], our results also
suggest that this previously known index (N400) of semantic priming should be extended to
affective priming. Furthermore, a recent brain imaging study (fMRI) has shown that affective
incongruity activates similar brain region as semantic incongruity [46]. N400 has been
previously shown to be sensitive to semantic features (e.g., [43]), which supports the semantic
account for affective priming.

Like semantic priming, repetition priming also elicits a much larger reduction in N400
amplitude [38,48]. In addition, a study on phonological priming [41] showed that the amplitude
of a negative component, N400 peaking around 450 msec, was larger for non-priming than for
priming words. Radeau et al. [39] examined semantic, phonological, and repetition priming
for auditory words using both behavioral RTs and ERPs measures. They found that both
phonological and semantic priming seemed to evoke the same ERP component, namely the
N400. In the present study, we carefully normed each prime-target pair in the attempt to
eliminate any semantic relationship other than valence. Based on these studies and the present
results, we postulate that N400 components are not only associated with semantic and
phonological mismatches, but are also elicited in response to affective mismatches for word
pairs. Of course, its latency was modulated by the onset of the prime prior to the target. That
is, the negativity peaking around 600 msec in our study is a delayed N40O.

During the 480-680 msec interval, ERP mean amplitudes reflected the order of the behavioral
RT results, but ERP amplitudes to neutral trials was very close to ERP amplitudes to
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incongruent trials and was larger than ERP amplitudes to congruent trials (see Fig.3). The fact
that voltages to neutral and affectively incongruent trials were very close and they all were
more negative than the voltages to affectively congruent trials may indicate that primarily
primes facilitate the semantic processing of affectively congruent targets, but less inhibit the
semantic processing of affectively incongruent targets. However, during 180-280 msec after
target onset, ERPs to neutral trials was more positive than those to affectively incongruent
trials. In other words, this early component may indicate an emotional process, i.e., emotional
arousal (positive or negative, especially negative) versus neural stimuli. Some studies also
obtain similar results that an early negative ERP component, N200 [47] or N300 [9] has been
associated with reactions to the valence of visual stimuli.

Although our behavioral results showed clear affective priming effects for both word-as-prime
and picture-as-prime conditions, the ERP indices of affective priming only reached
significance in the word-as-prime condition. One possible interpretation for our data can be
that RTs and ERPs might be sensitive to different cognitive operations, and affective priming
is a phenomenon that can be induced by several mechanisms [15]. Some researchers reported
inconsistencies between RT studies and ERP studies (e.g., [32,54]). For example, Kounios and
Holcomb showed that RTs and N400 amplitudes were not correlated in a sentence verification
task [32]. They argued that RTs and ERPs may not necessarily tap into the same set of
underlying cognitive operations. Consistent with their opinion, we also assume that RT might
be much more sensitive to participants' decision-making processes and task-dependent
strategies than N400 amplitude, but N400 was sensitive primarily to semantic processing rather
than changes in the decision-making process. Based on such inconsistencies and our results,
we speculated that affective priming could arise from the semantic processing and decision-
making processes in the word-as-prime condition. In the picture-as-prime condition, however,
affective priming could arise only from the decision-making processes because of stimulus
type or SOA differences between the prime and target So the present study showed only
affective priming behaviorally in the picture-as-prime condition.

In fact, some researchers found evidence for different or dual semantic systems that process
pictures and words independently (e.g., [11,36]). Yet, others studies suggested that an
overlapping semantic system underlies the processing of meaning represented by words and
pictures (e.g., [19,21,40]). Although our results indicate that words and pictures show affective
priming behaviorally, the neural processes underlying processing of emotional pictures and
words may be different. This could explain why we obtained significant ERP results using
words but not pictures as primes.

Current explanations of affective priming (for a review, see[30]) are mostly adopted from
semantic processing or response selecting without much consideration for emotional processes
in the brain. One future direction is to examine the potential interplay between neuroanatomical
sources of the classic N40O and the brain structures that are involved in emotional processes
has been clearly established in both humans and monkeys. Specifically, the amygdala is an
important mediator of emotional influences on perception. Research has revealed anatomical
and functional associations between the amygdala and visual cortex, where amygdala receives
visual inputs from ventral visual pathways and sends feedback projections to processing stages
within this pathway [1,5,6,10,37,42]. Further research should examine the role and potential
interplay between the amygdala and the ventral temporal visual cortex on affective priming
processes.

The present study found both RT and ERP indices of affective priming using an evaluative
categorization task. The delayed N400 effect found with word primes suggests that this
negative deflection indexes affective mismatches between primes and targets. Our findings are
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consistent with the semantic account of affective priming. Future examination of the neural
mechanisms underlying affective priming will further our understanding of the processes
related to semantic versus affective mismatches.
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The affective priming task and timing of visual stimuli. The left panel shows a trial using a
word as a prime. The right illustrates a trial using a picture as a prime.
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Figure 2.
The approximate locations of the electrode sites.
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Grand mean event-related brain potentials (ERPs) from P5, PZ, P6, PO5, POZ, PO6, O1, OZ
and O2 to affectively congruent, incongruent, and neutral trials in the word-as-prime condition.
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Incongruent
Neutral

Congruent

Grand mean ERPs from P5, PZ, P6, PO5, POZ, PO6, 01, OZ and 02 to affectively congruent,

incongruent, and neutral trials in the picture-as-prime condition.
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Figure 5.

Topographies of difference waves in the word-as-prime condition. (a) subtracting incongruent
trials from neutral trials in 180-280 msec after target onset; (b) subtracting incongruent trials
from congruent trials in 480-680 msec after target onset.
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Table 1
Mean response time (msec) and percentage of responses that were consistent with norms for each condition

affectively neutral affectively

congruent incongruent
Words as primes 655(92%) 666(92%) 681(88%)
Pictures as primes 664(94%) 666(92%) 699(89%)
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