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A B S T R A C T   

To explore the mechanism of emotional words semantic satiation effect on facial expression 
processing, participants were asked to judge the facial expression (happiness or sadness) after an 
emotional word (哭(cry) or 笑(smile)) or a neutral word (阿(Ah), baseline condition) was pre-
sented for 20 s. The results revealed that participants were slower in judging valence-congruent 
facial expressions and reported a more enlarged (Experiment 1) and prolonged (Experiment 2) 
N170 component than the baseline condition. No significant difference in behavior and N170 
appeared between the valence-incongruent and the baseline condition. However, the amplitude 
of LPC (Late Positive Complex) under both valence-congruent/incongruent conditions was 
smaller than the baseline condition. It indicates that, in the early stage, the impeding effect of 
satiated emotional words is specifically constrained to facial expressions with the same emotional 
valence; in the late stage, such an impeding effect might spread to facial expressions with the 
opposite valence of the satiated emotional word.   

1. Introduction 

Language, from a functional standpoint, can refine and facilitate face processing in at least two ways. Firstly, it can serve as a prime 
to pre-activate the related facial information [1]. Secondly, it may function as a context to reduce the uncertainty of incoming in-
formation [2–6]. 

However, the facilitation effect of language on facial information processing would change into an inhibition effect if the acces-
sibility of its semantic meaning was temporarily reduced. Through continuous repetition [7] or prolonged visual inspection [8], a 
stimulus word will temporarily lose its meaning, which is known as semantic satiation. A satiated word would then hinder the pro-
cessing of subsequent relevant stimuli. For instance, when an emotional word was temporarily satiated, it was more difficult for 
participants to categorize the subsequent facial behaviors depicting emotion. Such impedance occurred not only to the faces sharing 
the same basic emotion category with the satiated word, but also to the faces belonging to the different emotion categories [9]. 
Furthermore, a satiated emotional word would interfere with the following face processing, even if the experimental task was not to 
judge the emotion of the face but to recognize whether the face had been presented before [10]. In summary, the effect of a satiated 
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emotional word could spread to the various related item processing. However, it is reasonable to speculate that the category-based 
effect would decrease as the distance of the semantic relationship increased between the satiated word and the target face. 

Although the effect of the satiated emotional words has been confirmed repeatedly on decreasing the accuracy and/or the speed of 
subsequent face processing, its neuro-cognitive mechanism has not been disclosed. To explore this issue, the present study integrated 
the modified semantic satiation paradigm with the millisecond resolution ERP technique. Several ERP components could index the 
time course of the semantic satiation effect on face processing [11]. For example, N170 is a face-specific component relating to facial 
structure encoding [12,13], its latency and amplitude are proportional to the difficulty of face processing [14–16]. The valence effect 
of emotional faces was also revealed as early as the N170 component [17,18]. Some researchers have pointed out that the emotional 
valence effect of N170 results from the overlap of face-specific N170 [12] and the emotion-sensitive early posterior negativity (EPN), 
which is considered to reflect enhanced sensory processing of emotional stimuli due to reflexive attention [19,20]. Consistent evidence 
revealed that the EPN amplitude induced by emotional stimulus was larger than that of neutral stimulus, but there was no consensus on 
whether EPN could differentiate the various emotional categories [20,21]. Even though it has been suggested that the EPN could 
reflect the automatic grabbing attention by emotional stimuli, this interpretation should be taken cautiously as recent evidence showed 
that attention processing of emotional stimuli occurs just when they are relevant to the participants’ goals [22–26]. Since the present 
study will analyze the event-related potentials (ERP) locked to the happy and sad face photos without the neutral face, we focus on 
component N170 instead of EPN. 

The emotional effect also appears in the late stage of face processing, indexed by a stable larger LPC (Late Positive Complex that 
appears 300 ms after stimulus onset) for emotional faces than for neutral ones [20,27,28]. The amplitude of LPC is regarded as 
reflecting an increased motivational significance and arousal value of emotional stimuli [19,29] and a continuous perceptual analysis 
due to the high intrinsic relevance of emotional stimuli [30]. In addition, different emotional facial expressions can be better 
discriminated in LPC than in earlier ERP components [18,31]. 

Besides the ERP technique, the present study has introduced another two innovative modifications to the semantic satiation 
paradigm based on previous studies [9,10,32]. Firstly, in case of overestimating the semantic satiation effect, this study did not 
compare the satiated condition (e.g., repeated a word 30 times or long presentations) with the primed condition (e.g., repeated a word 
3 times or short presentations) as before. Because the short-time presentation or a few times repetition could induce a priming effect 
and facilitate the subsequent related information processing [33]. Although the semantic satiation effect can be induced by both 
repetition and prolonged viewing [8], frequent flickering of word stimuli would increase artifacts either directly or by eliciting eye 
blinking or eye movements. The present study obtained semantic satiation through prolonged viewing [11] rather than repetition. In 
addition, Lindquist et al. suggested that control trials of satiated irrelevant category words (e.g., “car”) before emotion perception 
should be studied a bit further [9], so we satiated the neutral function and closed-word “阿” (Ah) to work as the control trial. The word 
“Ah” does not have any emotional semantic connection with the target faces. 

Secondly, considering that the positive and the negative emotion processing have different manifestations and mechanisms 
[34–36], we investigated the semantic satiation effects of the positive and the negative emotional words separately in two experiments. 
These two experiments could help to clearly observe the positive semantic satiation effect and the negative semantic satiation effect 
respectively, by preventing unnecessary interactions of too many factors; on the other hand, they could also work as a nearly repeated 
experiment to examine the reliability of the semantic satiation effect. Specifically, we selected two groups of face photos depicting 
happy or sad emotion as the target stimuli, using “笑(smile)” and “哭(cry)” as the satiated emotional words. “笑(smile)” and “哭(cry)” 
are the most typical facial expressions of the happy and the sad emotion respectively. In addition, “笑(smile)” and “哭(cry)” are very 
similar in the morphological structure, which increases their comparability in the present study, because the physical character of 
stimuli could affect the EEG-ERP results. 

We hypothesized that, compared with the satiated neutral word, the satiated emotional words, both the negative and the positive 
ones, would impair the processing of subsequent valence-congruent faces. Such an effect, in behavior data, would show as the 
decreased accuracy and/or delayed categorization. Consistently, the impaired processing would make the facial structure encoding 
more difficult and require more attentional resources, indexed by increased N170 amplitude and/or longer N170 latency. In the late 
stage, the inhibition effect may manifest as decreased LPC. This study might help to clarify the connections between language and 
facial expression processing, especially to reveal the time course of the semantic satiation effect on face processing. 

2. Methods 

2.1. Experiment 1 

2.1.1. Participants 
Twenty-six students (13 males, 13 females, aged 18–28 years, M = 22.69, SD = 2.13) were recruited to rate the coincidence degree 

of emotional characters of face images and words (“哭” (cry), “阿” (Ah), “笑” (smile)) stimuli (from 1 = completely accorded with 
sadness, 4 = neutral, to 7 = completely accorded with happiness), and the arousal of face images on a 7-point scale (from 1 = calming 
to 7 = exciting). 

Twenty-seven students were recruited for the formal experiment. Three of them were excluded due to excessive signal artifacts 
(with less than 75% clean segments of ERP per condition), resulting in 24 participants (14 females, 10 males, aged 20–26 years, M =
23, SD = 2.12) remaining in data analysis. A power analysis with G*Power3.1 revealed that this sample size with an estimated 
moderate to large effect size (0.5 < d < 0.8) would result in a power above .80 [37]. All participants, self-reported right-handed with 
normal or corrected-to-normal vision, were provided informed consent before participating in the studies. They were reimbursed with 
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course credits or a moderate amount of money after completing the experiment. The protocol (No. LL2023019) was approved by the 
ethical review committee of the University. 

2.1.2. Materials 
Picture stimuli. Forty black-and-white photographs of different faces (20 happy (高兴) and 20 sad (悲伤)) were selected from the 

Chinese Facial Affective Picture System (CFAPS) [38]. There was no significant difference in emotional intensity (9-level ratings, from 
1 = weakest to 9 = strongest) between the happy and the sad faces (Msad = 5.64, SD = 0.38, Mhappy = 5.66, SD = 0.32; t (19) = − 0.20, p 
> .05). The number of male and female face images were balanced in each emotion category. 

Results of coincidence ratings revealed that the sad faces (Msad = 1.94, SD = 0.46; t (25) = 20.60, p = .001) and the happy faces 
(Mhappy = 5.83, SD = 0.69; t (25) = 41.68, p = .001) were different from the neutral score 4 of 1–7 scale; the sad vs. the happy, t (25) =
18.74, p = .001. No significant difference in arousal between the happy and the sad faces (Msad = 4.88, SD = 1.15; Mhappy = 4.63, SD =
1.27; t (25) = 0.97, p > .05). All images were adjusted to 115 (W) × 100 (H) pixels using Photoshop software, with a resolution of 96 
pixels. All of the above ensured that the sad and happy faces had contrary emotion but the emotional intensity and arousal were at the 
same degree. 

Word stimuli. The Chinese characters “哭(cry)” and “阿(Ah)”1 were selected to represent the emotional negative and neutral word 
respectively. Results for coincidence degree of emotional characters (from 1 = completely accorded with sadness, 4 = neutral, to 7 =
completely accorded with happiness) revealed that the coincidence ratings of 哭(cry) (M哭 (cry) = 1.86, SD = 1.25) were significantly 
different from that of “阿(Ah)” (M阿 (Ah) = 3.95, SD = 0.58) (t (25) = 7.31, p = .001); while the 阿 (Ah) was not significantly different 
from the neutral score 4 of 1–7 scale, t (25) = − 0.37, p = .71. It ensured that “阿(Ah)” could represent the neutral word, “哭(cry)” could 
represent the sad word. 

2.1.3. Procedures 
Each participant was seated in a dimmed room approximately 100 cm from a 17-inch monitor. The refresh rate of the monitor was 

75 Hz, and the resolution was 1280 × 1024 pixels. The visual angle was 4.5◦ (H) × 4.9◦ (V) for the facial images and 5.2◦ (H) × 4◦ (V) 
for the words. Participants were instructed to minimize blinking or eye movements and keep their eyes fixating at the center of the 
screen. 

The experimental procedure was programmed with E-Prime 1.2 (Psychology Software Tools Inc., Pittsburgh, Pennsylvania, USA). 
Procedures in practice and formal experiments were identical. The formal experiment consisted of four blocks separated by a short 
break. Each block included 40 trials. Each trial was initiated either by the word “哭(cry)” or by the word “阿(Ah)”, and presented at the 
center of the screen for 20 s [39]. The word flickered randomly once to three times during its presentation to ensure that participants 
were paying attention to it, and participants were required to press the space key as soon as it flickered. After the word, a blank screen 
displayed for 200 ms, followed immediately by a 500 ms fixation cross. Next, a face image depicting either happy or sad emotion was 
displayed on the screen until participants judged its expression by pressing a corresponding key as accurately and quickly as possible, 
or disappeared after 3000 ms. After a blank screen presented for 500 ms, the next trial began. Fig. 1 illustrates the sequence of events in 
a trial. 

2.1.4. Data acquisition and pre-analysis of the ERPs 
EEG signals were recorded using an elastic cap with 64 electrode sites placed according to the 10/20 system (Brain Products, 

Germany). All electrodes were sintered Ag/AgCl electrodes. The EEG was digitized with a sampling rate of 500 Hz and filtered online 
using 0.05–100 Hz band-pass filter. Electrode impedance was kept below 10 kΩ. All channels were referenced to the Cz electrode 
during acquisition. 

EEG data were analyzed offline using the Brain Vision Analyzer (Brain Products, Germany). The continuous EEG data were filtered 
with a 30 Hz low-pass and 0.5 Hz high-pass, then re-calculated to average reference. Ocular artifacts were processed using ocular 
correction with independent component analysis (ICA). The data were then segmented relative to the onset of the face image (200 ms 
before and 1000 ms after) according to the experimental conditions. After being averaged, the segments were baseline-corrected 
relative to the mean amplitude of the 200 ms before stimulus onset. 

Segments with artifacts (criteria: differences between the maximal and minimal voltage superior to 200 μV, voltage steps superior 
to 50 μV/ms, and low electrical activity inferior to 0.5 μV in a 200-ms interval) were excluded from analyses. The number of valid trials 
was not significantly different between conditions2 (F (1, 23) = 1.63, p > .05) (M (哭 (cry)- sad) = 38.04, SE = 0.44; M (哭 (cry)-happy) =

37.67, SE = 0.68; M (阿 (Ah)-sad) = 35.50, SE = 0.75; M (阿 (Ah)-happy) = 36.08, SE = 0.50). 

3. Results 

Repeated measures ANOVAs with Satiated Word (“哭(cry)” vs. “阿(Ah)”) and Facial Expression (happy vs. sad) as within factors 
were conducted on Reaction time (RT) and Accuracy (ACC), as well as the amplitude and latency of N170 and LPC components. For 

1 In Chinese, 阿 is a function word, pronounced Ah. It is usually used as a prefix for individuals’ names.  
2 M (哭 (cry)-sad) means the satiated emotional word 哭 (cry) followed by a target sad expression. M (哭 (cry)-happy) means the satiated emotional word 

哭 (cry) followed by a target happy expression. M (阿 (Ah)-sad) means the satiated neutral word 阿 (Ah) followed by a target sad expression. M (阿 (Ah)- 

happy) means the satiated neutral word 阿 (Ah) followed by a target happy expression. 
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significant main effects and interactions, post-hoc tests were performed using Bonferroni correction. The p-values were adjusted by the 
Greenhouse-Geisser correction when the assumption of sphericity was violated. 

3.1. Behavioral results 

RT (Reaction time). The interaction between Satiated Word and Facial Expression reached statistical significance (F (1, 23) = 5.196, 
p = .032, ŋp

2 = 0.18, 1-β = 0.59). Post-hoc analyses indicated that participants were slower in judging the sad face image after the 
satiated word “哭(cry)” (satiation-congruent condition) (M = 801.32 ms, SE = 32.46) than after the satiated word “阿(Ah)” (baseline 
condition) (M = 764.45 ms, SE = 26.31) (F (1, 23) = 7.80, p = .01, ŋp

2 = 0.25, 1-β = 0.76). No significant difference was found between 
judging the happy face image after the satiated word “哭(cry)” (satiation-incongruent condition) (M = 699.33 ms, SE = 26.54) and “阿 
(Ah)” (baseline condition) (M = 700.24 ms, SE = 27.97) (F (1, 23) = 0.01, p > .05). The results were illustrated in Fig. 2. 

ACC (Accuracy). Neither the main effect of Satiated Word (F (1, 23) = 1.49, p > .05), Facial Expression (F (1, 23) = 2.31, p > .05), 
nor the two-way interaction (F (1, 23) = 0.89, p > .05) were significant. 

3.2. ERP results 

The time windows and the electrode clusters of N170 and LPC were chosen, respectively, based on visual inspection of the ERPs and 
previous studies [40–43]. For the N170, peak amplitude and latency were calculated during 150~230 ms over the electrode cluster of 
P7, P8, PO7, PO8 (see Fig. 3 (a, b)). For the LPC, the averaged amplitude was calculated from the time window of 450~750 ms over the 
electrode cluster of CP1, CPz, CP2, P1, Pz, P2 (see Fig. 4 (a, b)). 

N170 (150–230 ms). A three-way repeated measure ANOVA of peak amplitude with the factors of Satiated Word (“哭(cry)”, “阿 
(Ah)”), Facial Expression (happy, sad), Electrode Location (left side, right side) revealed that the interaction between Satiated Word 
and Facial Expression reached statistical significance (F (1, 23) = 6.74, p = .016, ŋp

2 = 0.23, 1-β = 0.70). Post-hoc analyses indicated a 
larger N170 under the satiation-congruent condition (M = − 4.74 μV, SE = 0.62) than the baseline condition (M = − 3.67 μV, SE = 0.65) 
(F (1, 23) = 9.89, p = .005, ŋp

2 = 0.30, 1-β = 0.85), while there was no significant difference in N170 peak value between the satiation- 
incongruent condition (M = − 4.49 μV, SE = 0.62) and the baseline condition (M = − 4.53 μV, SE = 0.67) (F (1, 23) = 0.04, p > .05). The 
significant main effect of Satiated Word revealed larger N170 of “哭(cry)” (M = − 4.62 μV, SE = 0.60) than “阿(Ah)” (M = − 4.10 μV, SE 
= 0.65) (F (1, 23) = 7.01, p = .014, ŋp

2 = 0.23, 1-β = 0.72). The significant main effect of Facial Expression revealed larger N170 of 
happy face (M = − 4.51 μV, SE = 0.64) than sad face (M = − 4.21 μV, SE = 0.61) (F (1, 23) = 5.14, p = .033, ŋp

2 = 0.18, 1-β = 0.58), see 
Fig. 3 (a, b). 

The repeated measure ANOVA of latency yielded no significant main effects, the two-way interactions or the three-way interaction, 
all ps > .05. 

LPC (450–750 ms). A two-way repeated measure ANOVA with the factors Satiated Word (“哭(cry)”, “阿(Ah)”), Facial Expression 
(happy, sad) was performed, which revealed a statistically significant main effect of Satiated Word in mean amplitude of LPC (F (1, 23) 
= 6.84, p = .015, ŋp

2 = 0.23, 1-β = 0.71), with LPC being larger for “阿(Ah)” (M = 3.71 μV, SE = 0.45) than “哭(cry)” (M = 2.88 μV, SE 
= 0.56) (see Fig. 4 (a, b)). There was no significant main effect of Facial Expression and of the two-way interaction. 

3.3. Experiment 2 

3.3.1. Participants 
Twenty-six participants different from that of Experiment 1 were recruited. Two of them were excluded due to excessive signal 

artifacts (with less than 75% clean segments of ERP per condition), resulting in 24 participants (14 females, 10 males, M = 22.88, SD =
1.84, aged 20–26 years) remaining in data analysis. The power analysis with G*Power3.1 ensured the effect size as 0.5 < d < 0.8 and 
power above .80. 

Fig. 1. Example of a trial in Experiment 1.  
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3.3.2. Materials 
Picture stimuli. Same as Experiment 1. 
Word stimuli. Chinese characters “笑(smile)” and “阿(Ah)” were selected to represent the happy and the neutral words respectively. 

“笑(smile)” is more often used to describe positive face in Chinese than “高兴(happy)”, and its font structure is similar to the character 
“哭(cry)” used in experiment 1. Results for coincidence degree of emotional characters revealed that the coincidence ratings of “笑 

Fig. 2. Mean RT of judging facial expression after different words (“哭(cry)” vs. “阿(Ah)”) satiated.  

Fig. 3. (a) ERPs of the selected electrodes group (averaged across the electrodes of P7, P8, PO7, PO8) in each condition, the time window of N170 
was marked with a dashed rectangular box. (b) Grand-average topographic maps during the time window (150–230 ms), the selected electrodes for 
calculating N170 were marked with a circle. 

Fig. 4. (a) Mean amplitude of the LPC component (averaged across the electrodes of P1, P2, Pz, CP1, CP2, CPz) in each condition, the time window 
of the LPC was marked with a dashed rectangular box. (b) Grand-average topographic maps during the time window (450–750 ms), the selected 
electrodes for calculating LPC were marked with a circle. 
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(smile)” (M笑 (smile) = 6.23, SD = 1.11) were significantly different from “阿(Ah)” (M阿 (Ah) = 3.95, SD = 0.58) (t (25) = − 8.587, p =
.001), while the “阿(Ah)” was not significantly different from neutral score 4 of 1–7 scale, t (25) = − 0.37, p = .71. 

3.3.3. Procedure 
The experimental procedure was the same as that of Experiment 1 except that the satiated words were “笑(smile)” and “阿(Ah)”. 

See Fig. 5. 

3.3.4. Data acquisition and pre-analysis of the ERPs 
The methods of acquiring and analyzing behavioral and EEG data were identical to those of Experiment 1. The number of valid 

trials was not significantly different between conditions3 (F (1, 23) = 3.42, p > .05, ŋp
2 = 0.15) (M (笑 (smile)-sad) = 38.38, SE = 0.42; M (笑 

(smile)-happy) = 37.81, SE = 0.71; M (阿 (Ah)-sad) = 36.00, SE = 0.41; M (阿 (Ah)-happy) = 36.48, SE = 0.43). 

4. Results 

Repeated measures ANOVAs with Satiated Word (“笑(smile)” vs. “阿(Ah)”) and Facial Expression (happy vs. sad) as within factors 
were conducted on Reaction time (RT) and Accuracy (ACC), as well as the amplitude and latency of N170 and LPC components. Post- 
hoc testing with Bonferroni correction were used for significant main effects and interactions. The p-values were adjusted by the 
Greenhouse-Geisser correction when the assumption of sphericity was violated. 

4.1. Behavioral results 

RT (Reaction time). The interaction between Satiated Word and Facial Expression reached statistical significance, F (1, 23) = 4.37, p 
= .048, ŋp

2 = 0.16, 1-β = 0.52. Post-hoc analyses indicated that participants responded slower under the satiation-congruent condition 
(“笑(smile)”-happy face) (M = 660.96 ms, SE = 26.13) than the baseline condition (“阿 (Ah)”-happy face) (M = 640.56 ms, SE = 26.06) 
(F (1, 23) = 6.05, p = .022, ŋp

2 = 0.21, 1-β = 0.65), while no significant difference was found between the satiation-incongruent (“笑 
(smile)”-sad face) condition (M = 690.37 ms, SE = 32.47) and the baseline (“阿(Ah)”-sad face) condition (M = 701.52 ms, SE = 33.56) 
(F (1, 23) = 1.30, p > .05). See Fig. 6. 

ACC (Accuracy). Neither the main effects of Facial Expression and Satiated Word nor the two-way interaction was significant, all ps 
> .05. 

4.2. ERP results 

N170 (150–230 ms). A three-way repeated measure ANOVA with the factors of Satiated Word (“笑(smile)”, “阿(Ah)”), Facial 
Expression (happy, sad), Electrode Location (left side, right side) was performed on the peak amplitude of N170. Neither the main 
effects of Satiated Word nor that of Facial Expression were significant, all ps > .05. The main effect of Electrode Location was sig-
nificant (F (1, 23) = 6.13, p = .021, ŋp

2 = 0.21). There were no significant interaction effects, all ps > .05. 
Analysis on the N170 latency yielded a significant interaction of Satiated Word by Facial Expression (F (1, 23) = 5.32, p = .03, ŋp

2 =

0.19, 1-β = 0.60). Post-hoc analyses revealed that the satiation-congruent condition had a delayed N170 (M = 179.77 ms, SE = 2.99) 
compared to the baseline condition (M = 174.02 ms, SE = 2.09) (F (1, 23) = 11.41, p = .003, ŋp

2 = 0.34, 1-β = 0.89), whereas there was 

Fig. 5. Example of a trial in Experiment 2.  

3 M (笑 (smile)-sad) means the satiated emotional word 笑 (smile) followed by a target sad expression. M (笑 (smile)-happy) means the satiated emotional 
word 笑 (smile) followed by a target happy expression. M (阿 (Ah)-sad) means the satiated neutral word 阿 (Ah) followed by a target sad expression. M 
(阿 (Ah)-happy) means the satiated neutral word 阿 (Ah) followed by a target happy expression. 
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no significant difference in N170 latency between the satiation-incongruent condition (M = 174.79 ms, SE = 3.07) and the baseline 
condition (M = 175.00 ms, SE = 2.30) (F (1, 23) = 0.01, p > .05). Results are illustrated in Fig. 7 (a, b). 

LPC (450–750 ms). A two-way repeated measure ANOVA with the factors of Satiated Word (“笑(smile)”, “阿(Ah)”) and Facial 
Expression (happy, sad) was performed on the mean amplitude of LPC, which revealed a significant main effect of Satiated Word (F (1, 
23) = 13.95, p = .001, ŋp

2 = 0.38, 1-β = 0.95), with larger LPC for “阿(Ah)” (M = 1.81 μV, SE = 0.39) than “笑(smile)” (M = 1.23 μV, SE 
= 0.40). Neither the main effect of Facial Expression nor the two-way interaction between them was significant. Results are illustrated 
in Fig. 8 (a, b). 

5. Discussion 

In both experiments, participants were required to judge the facial expression (happiness or sadness) following an emotional or a 
neutral word that was presented for 20 s. The behavioral evidence revealed that participants were slower in judging the expression 
when the face image shared the same emotional valence with the emotional word than when the word was neutral (i.e., baseline 
condition). When the emotional word and the face image had incongruent valences, participants’ RT was not significantly different 
from the baseline condition. 

ERP results showed that the satiated emotional word only increased the amplitude or the latency of N170, for the face matched the 
emotional valence of the previous satiated word, as well as decreased the amplitude of LPC of all following faces. 

5.1. Consistency and conflict between the behavior and the ERP results 

Firstly, the present study confirmed that, after a long presentation of an emotional word, the participants would be interfered in 
processing the related emotional information of a face. To ensure that participants were paying attention during the emotional word 
presentation, we asked them to press the space key as soon as the word flickered. In addition, in this context of judging facial 
expression, participants would automatically process the emotional word meaning [44,45] and become satiated after the prolonged 
presentation. That is, participants were temporarily blocked in the emotional information processing, so as to be hindered in the 
similar emotional information processing in the subsequent face. 

As for to what extent the satiated emotional word can affect, Lindquist et al. proposed two hypotheses: category-based hypothesis 

Fig. 6. Mean RT of judging facial expression after different words (笑 (smile) vs. 阿 (Ah)) satiated.  

Fig. 7. (a) ERPs of the selected electrodes group (averaged across the electrodes of P7, P8, PO7, PO8) in each condition, the time window of N170 
was marked with a dashed rectangular box. (b) Grand-average topographic maps during the time window (150–230 ms), the selected electrodes for 
calculating N170 were marked with a circle. 
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and spreading activation hypothesis [9]. According to the category-based hypothesis, the effect of the semantic satiation of an 
emotional word is constrained to a stimulus that matches the same emotion category (e.g., a specific emotion) with the word. However, 
the spreading activation hypothesis suggests that the effect of a satiated emotional word could expand to the processing of all 
semantically related emotional facial stimuli. Although these two hypotheses seem to be contrary, Lindquist et al. demonstrated ev-
idence for both hypotheses in one study [9]. 

The behavioral results of the present study confirmed that the effect of the satiated emotional word supported the category-based 
hypothesis. Because the satiated emotional word only prolonged the response time for judging the type of emotion appearing on the 
face belonging to the same emotion category. However, the ERP results could accommodate both the category-based hypothesis and 
the spreading activation hypothesis, respectively, in the early and late stages of face processing. The mechanism revealed by ERP 
results might explain the reasons for the possibility that both the category-based and the spreading activation hypotheses were sup-
ported in one of Lindquist et al.‘s studies [9]. 

5.2. Category-based effect of emotional word semantic satiation in the early stage of face processing 

The behavioral results of the present study obtained very consistent ERP evidence in the early stage of face processing, which 
together supported the category-based hypothesis. The satiated emotional word only modulated the N170 of the subsequent valence- 
congruent face image processing; it did not affect the N170 of the valence-incongruent face image. The amplitude of N170 in 
Experiment 1 and the latency of N170 in Experiment 2 increased when the emotional valence of the face was the same as a previously 
satiated emotional word compared with a satiated neutral one. The results of the N170 provided electrophysiological evidence of the 
increased difficulty in face processing after participants were satiated with a valence-congruent emotional word, for the latency and 
amplitude of the N170 proportionally reflect the difficulty of face processing [12–14]. Considering the “笑(smile)” and “哭(cry)” are 
the words describing the facial expressions of the happy and the sad emotion, respectively, they have both conceptual and emotional 
meanings. So it is an open question which of their meaning blocked was the direct cause of the N170 results in the present study. 

The different manifestation of the N170 results between Experiments 1 and 2 provided evidence of the effects due to the emotional 
valence of “笑(smile)” and “哭(cry)” blocked. In Experiment 1, the satiated negative word increased the N170 for the sad face; in 
experiment 2, the satiated positive word delayed the N170 for the happy face. This difference could be explained by different un-
derlying mechanisms of the facilitation effect of positive and negative facial expression processing [17]. As reported in previous 
studies, the happy faces evoked significantly earlier N170 than the negative faces [46], while the negative faces evoked greater N170 
amplitude than the positive faces [47]. This difference might imply that the negative emotion facilitates facial configuration processing 
by attracting more attention, presenting as the enhancement of N170; the positive emotion facilitates it by starting early on facial 
configuration processing, reflecting as shorter latency of N170. However, in the present study, these specific facilitation effects of the 
emotional faces have been weakened or eliminated by the satiated emotional words. Therefore, compared with following the satiated 
neutral word, participants may require more attention (i.e., N170 increased) to process the sad face configuration after a satiated 
negative word, and more time (i.e., N170 delayed) to process the happy face configuration after a satiated positive word. 

5.3. Spreading activation effect of emotional word semantic satiation in the late stage of face processing 

Both experiments revealed the significant main effect of satiated word types (emotional word vs. neutral word) in the late stage of 
face processing, indexed by LPC. Specifically, the face image following an emotional word elicited a smaller LPC than that following a 
neutral word, no matter whether the emotional valence of the face image was congruent or incongruent with that of the emotional 
word. This result confirmed that the semantic satiation effect of the emotional word spread to the processing of the subsequent facial 
expression even when they were contrary in emotional valence, which properly supported the spreading activation hypothesis [9]. 

The amplitude of LPC reflects attention allocation to motivational relevant information [19,29]. In the present study, the LPC for an 

Fig. 8. (a) Mean amplitude of the LPC component (averaged across the electrodes of P1, P2, Pz, CP1, CP2, CPz) in each condition, the time window 
of the LPC was marked with a dashed rectangular box. (b) Grand-average topographic maps during the time window (450–750 ms), the selected 
electrodes for calculating LPC were marked with a circle. 
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emotional face image got attenuated after exposure to an emotional word for a long time. One possible reason for this was that 
participants became desensitized to the emotional information due to the satiated emotional word, and such a state spread and 
transferred to all the subsequent emotional stimuli processing. Specifically, the emotional information reduced in this stage might be 
the emotional arousal because the two groups of emotional words (negative vs. neutral & positive vs. neutral) were similar in the 
arousal but different in the emotional valence; however, their semantic satiation effect was similar in this stage. 

Alternatively, the LPC can also reflect context updating [48–51]. The LPC is small and flat when embedded in a relatively stable and 
consistent background, while it becomes larger and fluctuant (waved) if the background information is altered and/or replaced. 
Therefore, the attenuation of LPC for the emotional face image after a long-time presentation for the emotional word in the present 
study could also be due to the emotional word providing a stable and congruent context for the upcoming emotional face. 

6. Conclusion and limitation 

In summary, the present study confirmed that, after a long time presented emotional word, the subsequent face processing would be 
hindered if they shared a similar category of emotion; such an effect showed as two stages in the face processing: In the early stage, the 
impact of the satiated emotional word is restricted to valence-congruent faces, but it spreads to valence-incongruent faces in the late 
stage. It means that the effect of a satiated emotional word starts within one category (e.g., valence) and then generalizes to a wider 
category, even include the category with contrary emotional valence, but the effect would decrease along the distance of spread. These 
findings informed that language automatically plays a necessary role in classifying facial expressions. 

However, since only three words were used for satiation in the present study, and the two emotional words (cry and smile) have 
both conceptual and emotional meaning, as well as the emotional valence and specific emotional categories of the faces were not 
separated in this study, the mechanism of the semantic satiation effect needs to be verified by other categories of emotional words and 
facial expressions. 
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