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There has been no consensus on the neural dissociation between emotion-label 

and emotion-laden words, which remains one of the major concerns in affective 

neurolinguistics. The current study adopted dot-probe tasks to investigate the 

valence effect on attentional bias toward Chinese emotion-label and emotion-

laden words. Behavioral data showed that emotional word type and valence 

interacted in attentional bias scores with an attentional bias toward positive 

emotion-laden words rather than positive emotion-label words and that this bias 

was derived from the disengagement difficulty in positive emotion-laden words. 

In addition, an attentional bias toward negative emotion-label words relative to 

positive emotion-label words was observed. The event-related potential (ERP) 

data demonstrated an interaction between emotional word type, valence, and 

hemisphere. A significant hemisphere effect was observed during the processing 

of positive emotion-laden word pairs rather than positive emotion-label, 

negative emotion-label, and negative emotion-laden word pairs, with positive 

emotion-laden word pairs eliciting an enhanced P1 in the right hemisphere as 

compared to the left hemisphere. Our results found a dynamic attentional bias 

toward positive emotion-laden words; individuals allocated more attention to 

positive emotion-laden words in the early processing stage and had difficulty 

disengaging attention from them in the late processing stage.
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Introduction

The relationship between cognition and emotion has long been a subject of investigation 
in the fields of neuroscience, psychology, and linguistics (Dolan, 2002; Conrad et al., 2011; 
Fan et  al., 2018). Recently, Hinojosa et  al. (2020a) advanced the idea of affective 
neurolinguistics, which concentrates on the neural correlates between emotion and 
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language. The dissociation between emotion-label and emotion-
laden words is one of the primary issues in this field (Kissler, 2020; 
Liu et al., 2020; Wu et al., 2020b). Emotion-label words directly 
refer to emotions, such as happy and sad, while emotion-laden 
words do not label emotions directly, but elicit emotions in an 
indirect way, such as success and punishment (Pavlenko, 2008).

Behaviorally, there have been inconsistent conclusions 
regarding the dissociation between emotion-label and emotion-
laden words. Emotion-label words were associated with shorter 
reaction times (RTs) than emotion-laden words in lexical decision 
tasks (LDTs; Kazanas and Altarriba, 2015, 2016a,b), affective 
Simon tasks (Altarriba and Basnight-Brown, 2010), masked 
priming emotional categorization tasks (ECTs; Bromberek-
Dyzman et al., 2021) as well as tasks of free recall and ratings (El-
Dakhs and Altarriba, 2019). For instance, Kazanas and Altarriba 
(2015) performed primed LDTs to investigate whether the 
processing of emotion-label stimuli was different from that of 
emotion-laden stimuli. Across both masked and unmasked LDTs, 
significant discrepancies in RTs and priming effects between 
emotion-label and emotion-laden words were observed, with 
slower RTs and attenuated priming effects for emotion-laden 
words relative to emotion-label words. The results suggested that 
these two types of emotional stimuli had critical processing 
differences. Findings from their follow-up study (Kazanas and 
Altarriba, 2016a) using a longer stimulus onset asynchrony (SOA; 
i.e., 1,000 ms) evidenced the differentiation between emotion-label 
and emotion-laden words, as they rediscovered the effects 
reported in their previous study with a shorter SOA (i.e., 250 ms). 
The above findings supported the theories of embodiment 
(Niedenthal, 2007; Barsalou, 2008; Horchak et al., 2014), which 
maintained that words with higher embodiment would 
be accessed faster than those with weaker embodiment. However, 
some other studies observed that there was no significant 
difference between the RTs to emotion-label and emotion-laden 
words (Vinson et  al., 2014; Martin and Altarriba, 2017). For 
example, Martin and Altarriba (2017) used an LDT with hemifield 
presentation of words to investigate the cognitive mechanisms of 
emotion-label and emotion-laden words. The results indicated 
that there was no significant difference between the RTs to 
emotion-label and emotion-laden words.

Studies on the neural dissociation between these two types of 
emotional words could be summarized into four aspects. The first 
is the neural activation of emotion-label and emotion-laden words 
(Zhang et al., 2017, 2020; Wang et al., 2019). In an LDT, Zhang 
et al. (2017) observed that emotion-laden words were associated 
with reduced N170 than emotion-label words in the right 
hemisphere, which was correlated with emotion perception 
(Borod et al., 1998; Smith and Bulman-Fleming, 2005). Studies on 
word processing have documented that the component N170 
indicated the attention allocated to the target (Zhao et al., 2012). 
An enhanced late positive component (LPC), which indicated the 
degree of elaborate processing (Citron, 2012; Zhang et al., 2014), 
was elicited in the right hemisphere as compared with the left 
hemisphere during the processing of negative emotion-label 

words. It was concluded that the cortical responses to these two 
types of emotional words were different during distinct time 
courses even when the abstractness of words was controlled 
(Wang et al., 2019).

The second aspect is the modulation of emotional word type 
on emotional conflict (Wu and Zhang, 2019; Zhang et  al., 
2019a,b). In a flanker task, Zhang et  al. (2019b) found that 
negative emotion-laden words were responded to faster than 
negative emotion-label words. In the left hemisphere, negative 
emotion-label words elicited enhanced N2, which indicated 
attention allocation (Zhang et al., 2018), than negative emotion-
laden words; in the right hemisphere, positive emotion-label 
words produced amplified N2 than positive emotion-laden words. 
Emotion-laden words evoked larger N2 under incongruent 
conditions (a target word surrounded by different words at upper 
and lower sites) than under congruent conditions (a target word 
surrounded by the same words at upper and lower sites). The 
findings indicated that emotional word type modulated the 
processing of emotional conflict.

The third concerns the different priming effects of emotion-
label and emotion-laden words (Wu et al., 2020a,b, 2021). For 
example, Wu et al. (2020b) investigated how emotion-label and 
emotion-laden words modulate the processing of emotional 
pictures. When the valences of emotional words and pictures 
were different, the pictures primed by emotion-laden words 
elicited an enhanced early posterior negativity (EPN), which is a 
component sensitive to emotional information (Kissler et  al., 
2009), than those primed by emotion-label words. They 
concluded that these two types of emotional words produced 
different priming effects. The latest one explored the effects of 
processing levels on emotion-label and emotion-laden word 
processing (Liu et al., 2022). In ECTs and emotional Stroop tasks 
(ESTs), they found that valence and emotional word type 
interacted with each other only during the explicit processing of 
emotional words.

The processing differences between emotion-label and 
emotion-laden words might be associated with the attentional 
resources allocated to the words. A few behavioral studies have 
delved into this field. Experiment 1  in Knickerbocker and 
Altarriba (2013) adopted rapid serial visual presentation (RSVP) 
tasks to investigate the repetition blindness (RB) effect of neutral, 
negative emotion-label, and negative emotion-laden words. 
Compared to neutral and negative emotion-laden words, negative 
emotion-label words elicited a larger RB effect, demonstrating that 
in the early processing stage, emotion-label words captured more 
attentional resources than emotion-laden ones. Sutton and 
Altarriba (2011) used two dot-probe tasks to investigate the 
attentional bias toward neutral, positive emotion-label, and 
negative emotion-label words. In the first task, the word pairs were 
displayed for 180 ms. In the second task, the word pairs were 
displayed for 30 ms, followed by a 150-ms mask. Across tasks, 
there was no significant difference between the RTs to the probes 
following positive emotion-label words and neutral words, while 
the RTs to the probes following negative emotion-label words were 
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shorter than those to neutral words. The findings showed an 
attentional bias toward negative emotion-label words.

Tasks such as LDTs and affective Simon tasks examined the 
semantic processing and affective conflict processing of words; in 
particular, the attentional bias toward emotional words could not 
be investigated. One of the optimal tasks to investigate attentional 
bias is the dot-probe task developed by MacLeod et al. (1986). In 
the task, two stimuli were simultaneously presented on opposite 
sides of the screen. One was neutral and the other was emotional 
(emotional pair). After the pair of stimuli, a probe was displayed 
in the location of the neutral (incongruent trial) or emotional 
(congruent trial) stimulus, and the participants were required to 
respond to the feature or location of the probe. If the participants 
automatically allocated more attention to one of the stimuli—
probably the emotional one—the RTs for reacting to the dot 
following this emotional stimulus would be faster than the RTs for 
responding to the dot following the unattended neutral stimulus. 
Therefore, the RTs were a measure of attentional bias (Mincongruent 
− Mcongruent; cf. van Rooijen et al., 2017). Given this, an attentional 
bias index greater than 0 means a bias toward emotional words, 
while one less than 0 means a bias away from emotional words. To 
dissociate attentional orientation and attentional disengagement, 
Koster et al. (2004) added a neutral pair of stimuli—that is, both 
stimuli were neutral. Specifically, the dots appeared at either 
location of the neutral stimuli. These trials were neutral conditions. 
The mean RTs per condition were used to calculate attentional 
orientation (Mneutral − Mcongruent) and attentional disengagement 
(Mincongruent − Mneutral) indices per condition (e.g., positive emotion-
label, positive emotion-laden, negative emotion-label, and negative 
emotion-laden). An attentional orientation index greater than 0 
indicates attentional vigilance toward emotional words, while one 
less than 0 indicates attentional avoidance of emotional words. An 
attentional disengagement index greater than 0 indicates difficulty 
in disengaging attention from emotional words, and one less than 
0 means fast disengagement from emotional words.

The reliability of dot-probe tasks could be  improved by 
combining them with the technology of event-related potential (ERP; 
Price et al., 2015). The behavioral and ERP results could complement 
and validate each other. The indices of attentional orientation are 
correlated with early ERP components such as P1, N1, and N2 
(N2pc). The indices of attentional disengagement are correlated with 
late ERP components such as P300 and LPC. Recently, three studies 
combined dot-probe tasks and ERP to investigate the attentional bias 
toward emotional words. Shushakova et  al. (2018) explored the 
attentional bias of individuals with Attention-Deficit/Hyperactivity 
Disorder (ADHD) and healthy controls. There were negative-neutral, 
positive-neutral, and neutral-neutral word pairs in the dot-probe 
task. Behaviorally, no significant effects were found. 
Neurophysiologically, word-locked N2pc amplitudes suggested a 
noteworthy attentional bias toward emotional stimuli in both groups 
of participants. In addition, healthy participants showed an 
attentional bias toward positive words. Zhang et  al. (2018) 
investigated the attentional bias toward test-related threatening 
words in individuals with high or low test anxiety who were going to 

attend the final exams. Compared to participants with low test 
anxiety, those with high test anxiety showed an attentional bias 
toward test-related threatening words with higher attentional bias 
scores and enhanced N2 amplitudes. The results showed relatively 
amplified LPC amplitudes in participants with low test anxiety than 
in participants with high test anxiety. Similarly, van Heck et al. (2017) 
found that distinct attentional biases toward emotional words exist 
in healthy individuals.

Previous studies have also evidenced an attentional bias 
toward emotional stimuli over neutral ones (Hermans et al., 2001; 
Pessoa et al., 2002; Vuilleumier, 2005; Schindler and Kissler, 2016). 
However, the arousal of emotional pictures, faces, and words was 
different from each other (Keil, 2006; Carretié et al., 2008; Liu 
et  al., 2010). Some studies have explored the attentional bias 
toward emotional pictures or faces (Kappenman et  al., 2015; 
Furtak et  al., 2020), while few studies have examined the 
attentional bias toward positive and negative words.

Until now, some issues have remained unresolved. First, various 
studies have investigated the dissociation between emotion-label 
and emotion-laden words in Indo-European languages. Little is 
understood about the attentional bias toward Chinese emotion-
label and emotion-laden words. As the Chinese language differs 
greatly from Indo-European languages in terms of writing and 
ideographic systems, examining the attentional bias toward Chinese 
emotion-label and emotion-laden words could not only contribute 
to the comprehension of the underlying neurocognitive mechanisms 
of emotion-label and emotion-laden words but also help to reveal 
the processing mechanisms of Chinese languages. Second, valence 
is a crucial dimension of emotional words, and it is thus of vital 
significance to explore its effect on the attentional bias toward 
emotion-label and emotion-laden words. Therefore, the current 
study attempted to use dot-probe tasks with ERP technology to 
investigate individuals’ attentional bias toward positive emotion-
label, positive emotion-laden, negative emotion-label, and negative 
emotion-laden words. Based on the findings of previous studies, 
we  hypothesized that positive words would be  associated with 
higher attentional bias scores and elicit enhanced early neural 
activation than negative words and that emotion-laden words would 
be in linkage to higher attentional bias scores and produce larger 
early neural activation than emotion-label words. In addition, it is 
hypothesized that there might be an interaction between valence 
(positive and negative) and emotional word type (emotion-label and 
emotion-laden words) and that participants might have difficulty 
disengaging their attention from positive emotion-laden words.

Materials and methods

Participants

A total of 36 (18 males) native Chinese speakers aged 18–26 years 
(M = 20.05, SD = 2.13) voluntarily participated in the experiment. All 
participants were confirmed to be right-handed using the Edinburgh 
Handedness Inventory (Oldfield, 1971). They had normal or 
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corrected-to-normal vision with no history of neurological or 
psychiatric illness.

Materials

To form a pool of emotional and neutral words, we selected 
349 two-character Chinese words from the SUBTLEX-CH 
corpus (Cai and Brysbaert, 2010). There are two ways to sort 
emotion-label and emotion-laden words. One is the continuous 
ratings of the scale of the prototypicality of a word to refer to 
emotion (Pérez-Sánchez et al., 2021) and the other is yes/no 
voting for the emotional word type (Wang et al., 2019). The 
latter method could better meet our need for a factorial design. 
We  followed the rating method of Wang et  al. (2019) and 
recruited 30 raters who were homogeneous to our experimental 
participants. They were required to categorize the words 
according to the definitions of emotion-label, emotion-laden, 
and neutral words. If more than 80% of the raters voted for a 
specific emotional word type, then the word type would 
be determined. Through the rating, 54 positive emotion-label 
words, 60 positive emotion-laden words, 72 negative emotion-
label words, 57 negative emotion-laden words, and 62 neutral 
words were identified. The pool was enlarged to 390 words after 
being merged with the stimuli of Wang et al. (2019), with 69 
positive emotion-label words, 86 positive emotion-laden words, 
87 negative emotion-label words, 86 negative emotion-laden 
words, and 62 neutral words. Given the fact that more neutral 
words were needed in the dot-probe task, we  subsequently 
added 240 additional neutral words. All words were rated for 
their arousal, pleasantness, and abstractness. The frequency of 

words was obtained from the SUBTLEX-CH corpus (Cai and 
Brysbaert, 2010).

From the pool, we selected 136 emotional-neutral word pairs (34 
for each type of emotional word, i.e., positive emotion-label, positive 
emotion-laden, negative emotion-label, and negative emotion-laden) 
and 68 neutral-neutral word pairs (hereinafter referred to as the 
“neutral word pairs”). In order to match the frequency, strokes, 
abstractness, arousal, and pleasantness of each word pair, one pair of 
each emotional word type and two neutral word pairs were deleted. 
Hence, there were 33 emotional-neutral pairs for each type of 
emotional word and 66 neutral word pairs. Within each pair, the two 
groups of words were matched on frequency, strokes, and 
abstractness (ps > 0.05); moreover, the pleasantness and arousal were 
different between emotional and neutral words (ps < 0.05). There was 
no significant difference among the arousal of positive emotion-label, 
positive emotion-laden, negative emotion-label, and negative 
emotion-laden words (ps > 0.05). The pleasantness of positive 
emotion-label words and positive emotion-laden words was 
significantly higher than that of neutral words (ps < 0.05), followed 
by negative emotion-label words and negative emotion-laden words 
(ps < 0.05). The difference between the pleasantness of positive 
emotion-label and positive emotion-laden words was non-significant, 
as was the pleasantness of negative emotion-label and negative 
emotion-laden words (ps > 0.05). The arousal, pleasantness, 
abstractness, strokes, and frequency of all neutral words were 3.27 
(0.53), 4.18 (0.43), 3.74 (0.61), 17.75 (3.57), and 21.51 (28.43). The 
descriptive statistics of positive words and the first pair of neutral 
words are presented in Table 1A and those of negative words and the 
second pair of neutral words are shown in Table 1B. The statistical 
results of the properties of the experimental materials and emotional 
words used are presented in the Supplementary material.

TABLE 1A The descriptive statistics of positive and neutral word pairs.

P E-label word pair P E-laden word pair Neutral word pair 1

P E-label Neutral P E-laden Neutral Neutral 1 Neutral 2

Arousal 4.67 (0.42) 3.31 (0.59) 4.48 (0.43) 3.28 (0.51) 3.26 (0.48) 3.20 (0.63)

Pleasantness 5.61 (0.46) 4.16 (0.37) 5.59 (0.36) 4.17 (0.51) 4.22 (0.44) 4.08 (0.40)

Abstractness 3.93 (0.42) 3.76 (0.64) 3.97 (0.48) 3.93 (0.72) 3.85 (0.60) 3.72 (0.53)

Stokes 18.27 (3.20) 17.58 (4.12) 18.30 (4.30) 17.94 (3.96) 17.94 (3.12) 17.91 (3.86)

Frequency 11.75 (20.55) 18.94 (21.09) 18.77 (29.82) 25.55 (37.75) 12.77 (12.05) 19.28 (23.25)

Standard deviations are presented in parentheses. P, positive; E-label, emotion-label; E-laden, emotion-laden.

TABLE 1B The descriptive statistics of negative and neutral word pairs.

N E-label word pair N E-laden word pair Neutral word pair 2

N E-label Neutral N E-laden Neutral Neutral 3 Neutral 4

Arousal 4.63 (0.28) 3.26 (0.49) 4.64 (0.36) 3.17 (0.49) 3.29 (0.50) 3.42 (0.57)

Pleasantness 2.26 (0.42) 4.15 (0.43) 2.15 (0.43) 4.23 (0.44) 4.14 (0.35) 4.30 (0.49)

Abstractness 3.84 (0.45) 3.63 (0.63) 3.79 (0.55) 3.59 (0.57) 3.66 (0.62) 3.73 (0.56)

Stokes 18.58 (3.78) 17.21 (3.29) 18.06 (4.05) 18.00 (3.87) 17.94 (3.46) 17.45 (2.99)

Frequency 13.44 (29.54) 27.99 (36.69) 16.87 (33.22) 15.94 (16.61) 22.47 (29.87) 29.15 (36.43)

Standard deviations are presented in parentheses. N, negative; E-label, emotion-label; E-laden, emotion-laden.
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Procedure

The participants were tested in a sound-attenuated and 
electromagnetically shielded ERP laboratory. The experiment 
began with 20 practice trials whose materials were different from 
those in the formal experiment. Each trial began with a fixation 
“+” lasting 500 ms, followed by two words appearing at the upper 
and lower location of the fixation. The word pair (i.e., cue) was 
displayed for 500 ms. Immediately following the cue, the dot (i.e., 
target) substituted the neutral word as often as the emotional word 
and appeared at the upper or lower places with equal probability. 
A random blank (800–1,200 ms) was displayed until a response 
was made or until 2,000 ms had elapsed. The participants were 
required to judge the location of the dot as quickly and accurately 
as possible by pressing one of the two buttons specified in advance. 
The illustration of a trial is presented in Figure 1.

Each word was presented twice (once in each place), and 
there were four blocks, including two positive blocks and two 
negative ones. The blocks were presented in the order of either 
negative–positive–negative–positive or positive–negative–
positive–negative. The positive blocks included three filler trials, 
34 positive emotion-label and neutral word pairs, 34 positive 
emotion-laden and neutral word pairs, and 34 neutral-neutral 
word pairs. The negative blocks consisted of three filler trials, 34 
negative emotion-label and neutral word pairs, 34 negative 
emotion-laden and neutral word pairs, and 34 neutral-neutral 
word pairs. The first three trials of each block were fillers and the 
order of the remaining trials was randomized. There were 
customized rests between blocks.

EEG recording and analysis

Electrophysiological data were collected by 64-channel Curry 
8.0 software (Neuroscan, Inc.). The Ag/AgCl electrodes were 
arranged based on a 10–20 system. The electrooculogram was 
recorded with active electrodes placed above and below the right 
eye as well as at the outer canthi of each eye. The online reference 
was the tip of the nose. The impedance was beneath 5 kΩ. The 
continuing electrophysiological data were recorded and the 
sample rate was 1,000 Hz.

The electrophysiological data were analyzed by Curry 8.0 
software and re-referenced to an average reference (FP1, FP2, FPz, 
AF3, AF4, F1, F2, F3, F4, F5, F6, F7, F8, Fz, FC1, FC2, FC3, FC4, 
FC5, FC6, FCz, FT7, FT8, C1, C2, C3, C4, C5, C6, Cz, T7, T8, CP1, 
CP2, CP3, CP4, CP5, CP6, CPz, TP7, TP8, P1, P2, P3, P4, P5, P6, 
P7, P8, Pz, PO3, PO4, PO5, PO6, PO7, PO8, POz, O1, O2, Oz). 
Notably, prior studies examining the processing of emotion-label 
and emotion-laden words used an average reference (Wang et al., 
2019; Wu and Zhang, 2019; Zhang et al., 2019a, 2020). To ensure 
the comparability of the results between our findings and previous 
studies, an average reference was adopted, and the bad channels 
were interpolated. The baseline correction was defined as −200 to 
0 ms before the cue. The data were filtered between 0.1 and 30 Hz. 
Artifacts produced by eye blinks and movements were corrected 
or rejected. Brain waves smaller than −100 μV or larger than 
100 μV were cast out. There were two events (i.e., the cue and the 
dot) in this experiment and their epochs were as follows. For the 
cue, −200 to 500 ms upon the appearance of the cue and −200 to 
0 ms was the baseline. For the dot, 0 to 500 ms upon the appearance 

FIGURE 1

An overview of a trial in the dot-probe task.
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of the target and the baseline was −200 to 0 ms before the cue in 
accordance with preceding studies (e.g., Poulsen et  al., 2005; 
Zhong et al., 2011; Pintzinger et al., 2017; Crago et al., 2019).

Based on prior studies (e.g., van Heck et al., 2017; Shushakova 
et al., 2018) and visual inspection of the grand averages, the extracted 
ERP data of the cues were analyzed for the following three time 
windows: 120–150 ms (P1), 185–240 ms (N2) in the temporoparieto-
occipital region and 190–220 ms (P2) in the fronto-central region. 
The extracted ERP data for the target was analyzed for the following 
three time windows: 620–660 ms (i.e., 120–160 ms, P1), 700–760 ms 
(i.e., 200–260 ms, N2), and 860–930 ms (i.e., 360–430 ms, P300). The 
time windows and selected electrodes are presented in Table 2.

Results

The data of 6 participants were excluded from further analysis 
due to artifacts (more than 20% of the trials), leaving 30 
participants (13 males) aged 18–26 years (M = 19.73, SD = 2.12). 
Trials with wrong responses and RTs more than 3 SD were 
eliminated (2.15%). The accuracy of the participants ranged from 
97.47 to 100% (M = 99.34, SD = 0.57). For behavioral data, RTs to 
the dots were analyzed to investigate the attentional bias toward 
emotion-label and emotion-laden words. For electrophysiological 
data, only the targets with correct responses (94.52%) and cues 
(95.85%) were analyzed.

Behavioral results

The indices of attentional bias, orientation, and disengagement 
were calculated. These indices were tested against 0 via one-sample 
t tests and mean RTs were analyzed using analyses of variance 
(ANOVAs) with the within-subject factors valence (positive, 
negative) and emotional word type (emotion-label, emotion-
laden). The means of the indices of attentional bias, orientation, 
and disengagement as well as their standard deviations are shown 
in Table 3.

Attentional bias
One-sample t tests of the attentional bias indices toward 

positive emotion-label, positive emotion-laden, negative 

emotion-label, and negative emotion-laden words showed that 
there was no significant difference between the attentional bias 
indices of the four types of emotional words and 0 (ps ≥ 0.113). 
The repeated measures ANOVA of attentional bias scores revealed 
that the main effects of valence and emotional word type were not 
significant, F(1, 29) = 0.077, p = 0.784, F(1, 29) = 0.495, p = 0.487. 
The interaction effect between emotional word type and valence 
was significant, F(1, 29) = 10.714, p = 0.003, ηp

2 = 0.270. Simple 
effect analysis found an attentional bias away from positive 
emotion-label words (−4.23 ms) and toward positive emotion-
laden words (3.55 ms), F(1, 29) = 7.493, p = 0.010. In addition, an 
attentional bias toward negative emotion-label words (2.70 ms) 
and away from positive emotion-label words (−4.23 ms) was 
observed, F(1, 29) = 6.119, p = 0.019.

Attentional orientation
One-sample t tests of the attentional orientation indices 

toward positive emotion-label, positive emotion-laden, negative 
emotion-label, and negative emotion-laden words showed that 
there was no significant difference between the attentional 
orientation indices of the four types of emotional words and 0 
(ps ≥ 0.179). The repeated measures ANOVA of attentional 
orientation indices revealed no significant main effects or 
interaction effects (Fs ≤ 1.240, ps ≥ 0.275).

Attentional disengagement
One-sample t tests of the attentional disengagement indices 

revealed a significant difference between the attentional 
disengagement index of positive emotion-laden words (4.81 ms) 
and 0, t(29) = 2.170, p = 0.038, indicating that individuals had 
difficulty shifting attention away from positive emotion-laden 
words. There was no significant difference between the attentional 
disengagement indices of positive emotion-label, negative 
emotion-label, and negative emotion-laden words and 0 
(ps ≥ 0.120). The results of the repeated measures ANOVA of the 
attentional disengagement indices revealed that the main effects 
of valence and emotional word type were not significant,  
F(1, 29) = 0.076, p = 0.785, F(1, 29) = 0.149, p = 0.702. The 
interaction effect between emotional word type and valence was 
significant, F(1, 29) = 9.465, p = 0.005, ηp

2 = 0.246. The simple effect 
analysis showed that it was more difficult for individuals to 
disengage their attention from positive emotion-laden words 

TABLE 2 The time windows and selected electrodes for ERP 
components of the cue and the target.

Component Time window 
(ms)

Electrodes

Cue P1 120–150 PO5, PO7; PO6, PO8

N2 185–240 P7, PO7; P8, PO8

P2 190–220 C1, C2, Cz, FC1, FC2, FCz

Target P1 620–660 (120–160) PO5, PO7; PO6, PO8

N2 700–760 (200–260) PO5, PO7; PO6, PO8

P300 860–930 (360–430) CP1, CP2, CPz, P1, P2, Pz

TABLE 3 The descriptive data of attentional bias, orientation, and 
disengagement (ms).

Negative 
emotion-

label 
words

Negative 
emotion-

laden 
words

Positive 
emotion-

label 
words

Positive 
emotion-

laden 
words

Bias 2.70 (14.17) −2.03 (11.15) −4.23 (14.17) 3.55 (12.67)

Orientation −0.86 (11.02) −1.91 (9.56) −4.05 (16.08) −1.26 (11.46)

Disengagement 3.56 (12.17) −0.12 (9.69) −0.19 (10.80) 4.81 (12.14)

Standard deviations are presented in parentheses.
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(4.81 ms) as compared to positive emotion-label ones (−0.19 ms), 
F(1, 29) = 4.580, p = 0.041. This emotional word type effect was 
marginally significant during negative word processing,  
F(1, 29) = 3.109, p = 0.088. It was more difficult for individuals to 
disengage attention from emotion-label words (3.56 ms) relative 
to emotion-laden ones (−0.12 ms). Additionally, the valence effect 
was marginally significant during emotion-laden word processing, 
F(1, 29) = 3.365, p = 0.077. Specifically, it was more difficult for 
individuals to disengage attention from positive emotion-laden 
words (4.81 ms) relative to negative ones (−0.12 ms).

To summarize the behavioral results, an attentional bias toward 
positive emotion-laden words rather than positive emotion-label 
ones was observed, and this bias arose from the difficulty in 
disengaging attention from positive emotion-laden words. 
Furthermore, an attentional bias toward negative emotion-label 
words as compared with positive emotion-label words was found.

ERP results

The hemisphere effect could affect the amplitudes of P1 (e.g., 
Herbert et al., 2008; Kissler et al., 2009; Frühholz et al., 2011; 
Zhang et  al., 2017) and N2 (e.g., Zhang et  al., 2018; Wu and 
Zhang, 2019) elicited by emotional words. Hence, for the analysis 
of the mean amplitudes of P1 and N2 elicited by the cues, 
repeated measures ANOVAs were conducted separately with 
hemisphere (left and right), valence (positive and negative), and 
emotional word type (emotion-label words and emotion-laden 
words) as within-subject factors. P2 was examined in a sole 
channel group.

For the analysis of the mean amplitudes of P1 and N2 
produced by the target, repeated measures ANOVAs were 
conducted separately with hemisphere (left and right), congruency 
(congruent and incongruent), valence (positive and negative), and 
emotional word type (emotion-label words and emotion-laden 
words) as within-subject factors. For the analysis of the mean 
amplitudes of P300 elicited by the target, a repeated measures 
ANOVA was conducted with congruency (congruent, 
incongruent), valence (positive and negative), and emotional 
word type (emotion-label words and emotion-laden words) as 
within-subject factors.

A p < 0.05 was considered significant and was corrected 
through the Greenhouse–Geisser epsilon when needed. For 
pairwise comparisons, alpha levels were Bonferroni adjusted. 
Only significant effects were provided with figures of brain wave 
and topography.

The cue

P1

The main effect of hemisphere was significant,  
F(1, 29) = 5.251, p = 0.029, ηp

2 = 0.153. The word pairs elicited a 
larger P1  in the right hemisphere (2.72 μV) than in the left 
hemisphere (1.54 μV).

The interaction effect between valence and hemisphere was 
significant, F(1, 29) = 5.551, p = 0.025, ηp

2 = 0.161. Simple effect 
analysis showed that both positive and negative word pairs elicited 
larger P1  in the right hemisphere than in the left hemisphere,  
F(1, 29) = 7.269, p = 0.012, F(1, 29) = 3.566, p = 0.069. The valence 
effect was not significant in either the left or the right hemispheres 
(Fs ≤ 2.434, ps ≥ 0.130).

The interaction effect between emotional word type, valence, 
and hemisphere was significant, F(1, 29) = 4.311, p = 0.047, 
ηp

2 = 0.129. To further investigate the neurocognitive mechanisms 
of emotion-label and emotion-laden words, two repeated 
measures ANOVA with valence and hemisphere as within-
subject factors were conducted on the amplitudes elicited by 
emotion-label and emotion-laden word pairs.

The analysis of the amplitudes elicited by emotion-label 
word pairs showed that only hemisphere effect was significant,  
F(1, 29) = 5.000, p = 0.033, ηp

2 = 0.147, emotion-label word pairs 
elicited larger P1 in the right hemisphere (2.70 μV) than in the 
left hemisphere (1.51 μV). The main effect of valence and the 
interaction effect between valence and hemisphere were not 
significant, F(1, 29) = 1.242, p = 0.274, F(1, 29) = 0.087, 
p = 0.770.

The analysis of the amplitudes produced by emotion-laden 
word pairs manifested that the main effect of hemisphere was 
significant, F(1, 29) = 5.101, p = 0.032, ηp

2 = 0.150, emotion-
laden word pairs elicited amplified P1 in the right hemisphere 
(2.73 μV) than in the left hemisphere (1.57 μV). The interaction 
effect between valence and hemisphere was significant, F(1, 
29) = 7.955, p = 0.009, ηp

2 = 0.215. The simple effect analysis 
showed that positive emotion-laden word pairs produced 
enhanced P1 in the right hemisphere (2.95 μV) than in the left 
hemisphere (1.44 μV), F(1, 29) = 8.922, p = 0.006. The 
hemisphere effect was not significant during negative word 
processing, F(1, 29) = 2.193, p = 0.149.

No other significant main effects or interaction effects were 
observed (Fs ≤ 1.172, ps ≥ 0.288). Mean grand-average brain 
waves and topography of P1 are displayed in Figure 2.

N2

No significant main effects or interaction effects were found 
(Fs ≤ 2.836, ps ≥ 0.103).

P2

No significant main effects or interaction effects were found 
(Fs ≤ 0.498, ps ≥ 0.486).

The ERP results of the cue in the experiment are shown in 
Table 4.

The target

P1

The congruency effect was marginally significant, F(1, 
29) = 2.914, p = 0.098, ηp

2 = 0.091. The dots under congruent 
conditions (1.31 μV) elicited an enhanced P1 than those under 
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incongruent conditions (1.02 μV). The main effect of 
hemisphere was marginally significant, F(1, 29) = 3.429, 
p = 0.074, ηp

2 = 0.106, and the dots produced larger P1 in the 
right hemisphere (1.47 μV) than in the left hemisphere 
(0.85 μV).

The interaction effect between valence and congruency was 
marginally significant, F(1, 29) = 3.350, p = 0.078, ηp

2 = 0.104. The 
simple effect analysis revealed that the dots following negative 
words under congruent conditions (1.39 μV) elicited enhanced 
P1 than those under incongruent conditions (0.82 μV), F(1, 
29) = 7.792, p = 0.009.

No other significant main effects or interaction effects were 
found (Fs ≤ 2.829, ps ≥ 0.103).

N2

The interaction effect between congruency and hemisphere 
was significant, F(1, 29) = 4.757, p = 0.037, ηp

2 = 0.141. The 
simple effect analysis showed that the dots under incongruent 
conditions (−0.94 μV) elicited larger N2 than those under 
congruent conditions (−0.57 μV), F(1, 29) = 6.457, p = 0.017.

No other significant main effects or interaction effects were 
observed (Fs ≤ 2.526, ps ≥ 0.123). Mean grand-average brain waves 
and topography of N2 are displayed in Figure 3.

P300

The main effect of emotional word type was marginally 
significant, F(1, 29) = 3.406, p = 0.075, ηp

2 = 0.105, the dots following 

A

B

FIGURE 2

Mean grand-average ERPs (A) and the topography of cortical responses (B) to the four types of emotional word pairs over parieto-occipital sites 
for P1. E-label, emotion-label; E-laden, emotion-laden.
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emotion-laden words (3.07 μV) eliciting larger P300 than those 
following emotion-label words (2.89 μV). Other main effects or 
interaction effects were not significant (Fs ≤ 1.904, ps ≥ 0.178).

The ERP results of the target in the experiment are shown in 
Table 5.

In summary, the ERP results revealed an early attentional bias 
toward positive emotion-laden words (P1 of the cue) and an 
attentional bias toward emotional words instead of neutral ones 
(N2 of the target).

Discussion

The current study investigated the valence effect on the 
attentional bias toward emotion-label and emotion-laden words, 
yielding three main findings. Firstly, an attentional bias toward 
positive emotion-laden words was found and the behavioral result 
was evidenced by the electrophysiological finding that positive 
emotion-laden words elicited an enhanced P1  in the right 
hemisphere than in the left hemisphere. Secondly, an attentional 
bias toward negative emotion-label words rather than positive 
emotion-label words was observed. Thirdly, the dots eliciting an 
enhanced N2 under incongruent conditions than the congruent 
conditions reflected that emotional words automatically captured 
more attentional resources than neutral ones.

Notably, individuals had difficulty disengaging attention from 
positive emotion-laden words rather than positive emotion-label ones 
resulting in an attentional bias toward positive emotion-laden words. 
Consistent with the behavioral data, the ERP data also evidenced an 
early attentional bias toward positive emotion-laden words. There 
have thus far been few studies investigating the valence effect on the 

attentional bias toward different types of emotional words. The 
finding that emotion-laden words attracting more attentional 
resources than emotion-label ones was consistent with preceding 
studies (Altarriba and Basnight-Brown, 2010; Kazanas and Altarriba, 
2015, 2016a,b; El-Dakhs and Altarriba, 2019; Bromberek-Dyzman 
et al., 2021), which demonstrated that longer RTs were associated with 
emotion-laden words. There were two reasons for this phenomenon. 
For one thing, the conceptual meanings of emotion-label words were 
the same as their affective meanings, which could be accessed directly, 
whereas the affective meanings of emotion-laden words were 
different from their conceptual ones. The conceptual meanings of 
emotion-laden words have to be accessed first and then the affective 
meanings can become accessible. This “mediated” process (Altarriba 
and Basnight-Brown, 2010) would cost more attentional resources. 
For another, emotion-label words refer to emotions directly, and 
people experienced emotions almost every day. That is to say, 
compared to emotion-laden words, emotion-label ones were 
associated with stronger embodiment and their processing could 
directly access the sensorimotor and neural mechanisms related to 
emotions (Niedenthal, 2007; Barsalou, 2008; Horchak et al., 2014). 
Therefore, an attentional bias toward emotion-laden words was 
observed during positive word processing.

The electrophysiological data of the cues showed that emotional 
word type, valence, and hemisphere interactively affect the P1 
amplitudes elicited by emotional word pairs. When participants 
processed emotion-label word pairs, there was no significant 
difference between the mean amplitudes of negative and positive word 
pairs in either the right or the left hemispheres. When the participants 
processed positive emotion-laden word pairs, the word pairs elicited 
larger P1 in the right hemisphere than in the left hemisphere. In 
emotion perception, the right hemisphere had an advantage over the 

TABLE 4 The ERP results of the cue in the experiment.

ERPs Effects F(1, 29) p ηp
2

P1 Emotional word type 0.071 0.792 0.002

Valence 0.416 0.524 0.014

Hemisphere 5.251 0.029* 0.153

Emotional word type × Valence 1.172 0.288 0.039

Emotional word type × Hemisphere 0.020 0.888 0.001

Valence × Hemisphere 5.551 0.025* 0.161

Emotional word type × Valence × Hemisphere 4.311 0.047* 0.129

N2 Emotional word type 0.760 0.390 0.026

Valence 0.346 0.561 0.012

Hemisphere 0.086 0.771 0.003

Emotional word type × Valence 2.836 0.103 0.089

Emotional word type × Hemisphere 1.269 0.269 0.042

Valence × Hemisphere 0.458 0.504 0.016

Emotional word type × Valence × Hemisphere 0.051 0.823 0.002

P2 Emotional word type 0.498 0.486 0.017

Valence 0.077 0.783 0.003

Emotional word type × Valence 0.389 0.538 0.013

*p < 0.05.
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left hemisphere (Borod et al., 1998; Smith and Bulman-Fleming, 2005; 
Zhang et al., 2017). Emotion-laden words corresponded to at least one 
kind of emotion, while emotion-label words only referred to a specific 
kind of emotion. Hence, a significant hemisphere effect was found 
during emotion-laden word processing. These findings indicated that 
in the early perceptual processing stage, individuals paid more 
attention to positive emotion-laden words and showed an attentional 
bias toward positive emotion-laden words. This finding is similar to 
previous studies demonstrating an early attentional orientation 
toward positive stimuli (Carretié et  al., 2004; Zhong et  al., 2011; 
Shushakova et al., 2018), indicating the automatic evaluation of the 
emotional contents of stimuli (Hermans et al., 2001; Pessoa et al., 
2002; Vuilleumier, 2005; Kissler et al., 2009; Schindler and Kissler, 
2016). For instance, Shushakova et al. (2018) found in a dot-probe task 
that positive-neutral word pairs other than negative-neutral word 
pairs elicited larger N2pc. Some other studies reported that positive 
and neutral pictures could produce enhanced N2 than negative ones 

(Carretié et al., 2004), suggesting that healthy individuals showed an 
attentional bias toward positive stimuli. Zhong et  al. (2011) also 
reported that healthy individuals showed an attentional bias toward 
positive pictures, and positive pictures in congruent conditions 
elicited enhanced P1 than those in incongruent conditions. Pool et al. 
(2016) pointed out that P1 and N2pc evoked by cues indicated an 
early attentional orientation. Thus, in our study, positive emotion-
laden word pairs elicited significantly larger P1 indicating an early 
attentional orientation toward positive emotion-laden words.

The finding that individuals showed an attentional bias 
toward negative emotion-label words relative to positive 
emotion-label words was consistent with that of a preceding 
study (Sutton and Altarriba, 2011), which was the only existing 
study examining the attentional bias toward positive emotion-
label and negative emotion-label words. The results of the 
dot-probe task in Sutton and Altarriba (2011) showed that the 
RTs to the dots following negative emotion-label words were 

A

B

FIGURE 3

Mean grand-average ERPs (A) and the topography of cortical responses (B) to the dots under congruent and incongruent conditions over fronto-
central and central sites for N2.
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much shorter than those following neutral words; in comparison, 
such an effect was not found during positive emotion-label word 
processing. The results indicated that negative emotion-label 
words could automatically capture individuals’ attention. 
Experiment 1 in Knickerbocker and Altarriba (2013) used RSVP 
tasks to explore the processing of negative emotion-label and 
negative emotion-laden words. They found that in the early 
processing stage of words, individuals showed attentional bias 
toward negative emotion-label words. These findings were 
supportive of the argument of Ho et al. (2016) that when there 
was a competition between two stimuli, negative stimuli would 
capture attention earlier than positive or neutral ones and attract 

enhanced perception. An attentional bias toward negative 
emotion-label words instead of positive emotion-label ones was 
not observed in the ERP results, which was consistent with the 
findings of Zhang et al. (2018). In their study, individuals with 
high test anxiety showed attentional vigilance to threatening 
words related to tests, and individuals with low test anxiety 
showed attentional avoidance of threatening words related to 
tests. However, individuals showed no attentional bias toward 
threatening words that were unrelated to tests. In our study, the 
materials were general negative words that had little correlation 
with the states of the participants. Therefore, our findings were 
similar to the results of Zhang et al. (2018). Some other studies, 

TABLE 5 The ERP results of the target in the experiment.

ERPs Effects F(1, 29) p ηp
2

P1 Emotional word type 0.705 0.408 0.024

Valence 0.335 0.567 0.011

Congruency 2.914 0.098 0.091

Hemisphere 3.429 0.074 0.106

Emotional word type × Valence 2.829 0.103 0.089

Emotional word type × Congruency 0.025 0.876 0.001

Emotional word type × Hemisphere 0.077 0.784 0.003

Congruency × Valence 3.350 0.078 0.104

Congruency × Hemisphere 1.588 0.218 0.052

Valence × Hemisphere 0.276 0.603 0.009

Congruency × Valence × Hemisphere 0.303 0.586 0.010

Congruency × Valence × Emotional word type 0.003 0.956 0.000

Congruency × Emotional word type × Hemisphere 2.309 0.139 0.074

Emotional word type × Valence × Hemisphere 0.301 0.587 0.010

Emotional word type × Valence × Congruency × Hemisphere 0.010 0.921 0.000

N2 Emotional word type 1.425 0.242 0.047

Valence 0.070 0.793 0.002

Congruency 2.526 0.123 0.080

Hemisphere 0.171 0.683 0.006

Emotional word type × Valence 2.065 0.161 0.066

Congruency × Valence 3.552 0.070 0.109

Congruency × Emotional word type 0.537 0.469 0.018

Valence × Hemisphere 0.023 0.880 0.001

Emotional word type × Hemisphere 0.132 0.719 0.005

Congruency × Hemisphere 4.757 0.037* 0.141

Emotional word type × Valence × Congruency 1.134 0.296 0.038

Congruency× Valence × Hemisphere 1.500 0.231 0.049

Congruency × Emotional word type × Hemisphere 1.111 0.301 0.037

Emotional word type × Valence × Hemisphere 0.878 0.357 0.029

Emotional word type × Valence × Congruency × Hemisphere 2.232 0.146 0.071

P300 Emotional word type 3.406 0.075 0.105

Valence 1.071 0.309 0.036

Congruency 0.199 0.659 0.007

Emotional word type × Valence 0.115 0.737 0.004

Congruency × Valence 0.259 0.615 0.009

Congruency × Emotional word type 1.904 0.178 0.062

Emotional word type × Valence × Congruency 0.090 0.766 0.003

*p < 0.05.
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however, found an attentional bias toward negative pictures 
(Kappenman et al., 2015; Furtak et al., 2020). Generally speaking, 
individuals showed a negative bias toward the emotional 
contents of pictures or faces and a positive bias toward the 
emotional information of words (Bayer and Schacht, 2014; Yuan 
et al., 2019). This might be because pictures or faces had higher 
arousal than words (Keil, 2006; Carretié et al., 2008; Liu et al., 
2010). In particular, high arousal of stimuli could activate the 
defensive motivation system, leading to a negative bias; 
conversely, low arousal of stimuli could activate the appetitive 
motivation system, leading to a positive bias (Liu et al., 2010; 
Yuan et al., 2019). The above findings demonstrated that there 
was an interaction between emotional word type and valence on 
the attentional bias toward emotional words—a negative bias 
was found during the processing of emotion-label words, 
supporting the automatic vigilance hypothesis (Pratto and John, 
1991). The embodiment degree of emotion-laden words was 
weaker than that of emotion-label ones. Therefore, a bias toward 
emotional words was not observed during emotion-laden 
word processing.

The fact that dots following neutral words (incongruent 
conditions) producing an enhanced N2 than those following 
emotional words (congruent conditions) indicated that 
emotional words automatically captured more spatial attention 
than neutral ones. If emotional words could automatically 
capture more attention, then the attention would be allocated to 
the location following emotional words. When the participants 
had to respond to the dots following neutral words, there would 
be a shift of attention from the location following emotional 
words to the place following neutral ones. This process would 
require more attention. Therefore, the dots following neutral 
words produced a larger N2 than those following emotional 
ones. This finding was consistent with a number of prior studies 
demonstrating an attentional bias toward emotional stimuli 
rather than neutral ones (Vuilleumier, 2005; Yiend, 2010; 
Pourtois et al., 2013).

Conclusion

To our knowledge, this study is the first attempt to explore 
how valence interacted with emotional word type on the 
attentional bias toward emotional words with the ERP technique. 
The behavioral data showed that there was an interaction 
between emotional word type and valence. Compared to positive 
emotion-label words, individuals had difficulty disengaging their 
attention from positive emotion-laden words, thereby leading to 
an attentional bias toward them. Individuals showed an 
attentional bias toward negative emotion-label words relative to 
positive emotion-label words. Also, the electrophysiological data 
showed an early attentional bias toward positive emotion-laden 
words. An attention bias toward emotional words rather than 
neutral ones was also found. According to both behavioral and 
electrophysiological results, the attentional bias toward 

emotional words is a dynamic process. In the early stages, the 
participants showed an attentional bias toward positive emotion-
laden words. In the middle stages, the degree of attentional bias 
toward different types of emotional words was similar. In the 
final stage, individuals showed an attentional bias toward 
positive emotion-laden words again because of the difficulty in 
disengagement. Besides, an attentional bias toward negative 
emotion-label words was also observed in this final stage.

Although the findings of the present study reveal the 
cognitive mechanisms of valence and emotional word type effects 
on attentional bias toward emotional words, there remains a 
limitation to be considered in future research. The current study 
did not take the emotional states or trait anxiety of individuals 
into consideration, which might have an effect on the attentional 
bias toward emotional words. Future studies should recruit more 
participants with different levels of emotional states or different 
traits to further explore the effect of individual differences on 
attentional bias toward emotion-label and emotion-laden words.
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