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Introduction: Selective attention is a crucial mechanism that enables humans to navigate complex environments and accomplish targeted tasks, garnering significant interest from researchers. Numerous studies have found that selective attention can be influenced by emotions; however, previous research has primarily focused on the effects of valence and arousal, neglecting the role of motivation, another dimension of emotion. Additionally, it remains unclear whether emotional motivation’s influence on selective attention differs across various levels of perceptual load.

Methods: This study employed a modified perceptual load Flanker task, using behavioral measures and event-related potentials (ERPs) technique to investigate how the intensity of approach-motivated positive affect influences selective attention under different levels of perceptual load. In each trial, participants were first shown pictures of food or scenes to induce high or low approach-motivated positive affect, followed by a modified perceptual load Flanker task where a searchable array of letters was arranged in a virtual circle around a central fixation point, with an interference letter presented on either the left or right periphery. The searchable array included one target letter and either five identical (low perceptual load) or different irrelevant letters (high perceptual load). Participants were required to identify the target letter and respond with a button press.

Results: The findings revealed that under conditions of high perceptual load, participants with low approach-motivated positive affect exhibited slower reaction times than those with high approach-motivated positive affect. Meanwhile, the ERP results indicated that under high perceptual load, low approach-motivated positive affect induced a greater N1 in the parieto-occipital region compared to high approach-motivated positive affect. Additionally, high approach-motivated positive affect evoked a greater N2 in the frontal region and a smaller P3 in the parietal region compared to low approach-motivated positive affect and neutral affect.

Discussion: These results demonstrate the inhibitory effect of low approach-motivated positive affect and the enhancing effect of high approach-motivated positive affect on performance in the high perceptual load Flanker task.
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1 Introduction

Selective attention is the process by which individuals concentrate on specific stimuli within their environment. Given the limited capacity for information processing, people prioritize certain information based on their immediate needs or objectives, while other details are often overlooked. Selective attention comprises two mechanisms: an early sensory input selection mechanism that inhibits the perception of task-irrelevant distractors, and a late response selection mechanism that mitigates the distractions caused by interfering stimuli, particularly when these distractors have been perceived (Lavie et al., 2004). Selective attention could be influenced by many factors. In the first place, the perceptual load theory of selective attention (Lavie, 1995; Lavie et al., 2004; Lavie, 2010) posits that the perceptual load of a task can influence selective attention. Perceptual load refers to the total amount of content that working memory must process, which equates to the cognitive resources consumed to process the current task. If the current perceptual load is high (for example, detecting a target among multiple irrelevant stimuli), and resources are exhausted, attention can only select objects or information related to the current task. There are no extra resources available to process information unrelated to the task, resulting in an early sensory input selection by attention. Conversely, if the current perceptual load is low (for example, detecting a target among identical irrelevant stimuli), excess resources will automatically spread to other irrelevant objects or information. Processing this irrelevant information will interfere with the execution of the current task, resulting in a late attention selection (Lavie and De Fockert, 2003; Lavie et al., 2014). Under high perceptual load, due to insufficient cognitive resources, interference stimuli are not processed, and attention selection reflects the perceptual selection mechanism. However, under low perceptual load, with sufficient cognitive resources to process interference stimuli, cognitive control is required to enhance the response to the target stimulus, and attention selection involves an active process. That is, the interference item is activated during the early stages of attention by the remaining attentional resources, and then it is suppressed during the later stages by other residual attentional resources (Lavie, 2005; Lavie and Cox, 1997; Cartwright-Finch and Lavie, 2007; Forster and Lavie, 2008a,b; Tan et al., 2015).

Moreover, selective attention can also be influenced by an individual’s emotions and motivation. In this context, most previous studies on emotions have primarily focused on valence. Positive emotions tend to enhance attention span and cognitive flexibility, while negative emotions often have an inhibitory effect (Fredrickson, 2001; Hu et al., 2012). However, Gable and Harmon-Jones (2008, 2010a,2010b) proposed the motivation model of emotion, which incorporates motivation as a key dimension of emotion, further dividing it into two aspects: intensity and direction. Intensity can be characterized as either high or low, while direction can be categorized as either approach or avoidance. Approach motivation refers to the drive or behavioral inclination to move toward certain things or situations, whereas avoidance motivation refers to the tendency to move away from specific things or situations. Researchers have investigated the influence of positive affect on attention by manipulating the motivational dimension of emotion. An event-related potential (ERP) study (Liu et al., 2016) examined the influence of high and low approach-motivated positive affect on selective attention using a Flanker task with added detection stimuli. This study found that the intensity of emotional motivation influences both the early and late stage of attention processing. High approach-motivated positive affect narrows the scope of attention during the visual input stage and enhances interference suppression compared to low approach-motivated positive affect.

Prior research has established that selective attention involves both top-down and bottom-up processes (Jefferies et al., 2019). It is influenced by emotional background in a top-down manner and by cognitive load in a bottom-up manner, respectively. However, an intriguing but unresolved question is how selective attention would be affected when perceptual load and emotional background are simultaneously manipulated? What would occur when the influence of top-down emotional background is consistent or inconsistent with the influence of bottom-up task demands? At which stage of attention processing does the combined effect of perceptual load and emotional motivation emerge? These questions highlight important gaps in our understanding and warrant further investigation.

To address these questions, the current study employed a modified perceptual load Flanker task. This approach aimed to explore how emotional background and perceptual load interact in influencing attention processing. Participants were required to search for a target letter (H or S) and make discriminative responses among homogeneously (low load condition) or heterogeneously (high load condition) irrelevant letters in the central display, flanked by a congruent or incongruent interference letter presented at the left or right edges. Meanwhile, we used food and scene pictures to evoke high and low approach-motivated positive affect, and simple graphics and basic necessities pictures to induce neutral affect. With this manipulation, it was hypothesized that increasing approach motivation would facilitate target letter selection and reduce distractor letter interference, as seen in reaction times (RTs) and accuracy.

To further explore these interactions, the current study employed ERP technology, which offers high temporal resolution to precisely map the time course of attention processing. This approach allowed us to analyze whether perceptual load and emotional motivational intensity jointly influence relatively early or late attentional selection. According to literatures, early selective attention is primarily manifested in two ERP components in the parietal and occipital regions within 200 ms of stimulation. The P1 component, a positive wave occurring 80–120 ms post-stimulation, is recognized as the earliest attention-modulated sensory processing component. The N1 component, a negative wave emerging around 140–200 ms post-stimulation, is identified as an attention-regulated component involved in early visual discrimination (Mangun and Hillyard, 1990; Luck and Kappenman, 2012; Allon and Luria, 2019). The amplitudes of P1 and N1 increase when stimuli are attended to or receive greater attentional resources (Luck and Kappenman, 2012; Tunnermann et al., 2015). Additionally, the frontal and central N2 component, with a latency between 200 and 400 ms, reflects conflict monitoring or suppression of irrelevant stimuli. It is typically larger under incompatible conditions than compatible conditions (Heil et al., 2000; Veen and Carter, 2002a; Kanske and Kotz, 2010). Following the N2 component is the parietal P3 component, which occurs 300–600 ms after the stimulus and reflects the allocation of attentional resources. Difficult tasks or incongruent trials, which demand more attentional resources, typically elicit a smaller P3 amplitude (Kok, 2001; Wei and Zhou, 2020). ERP technology can determine whether the combined effect of perceptual load and emotional motivation occurs during the early or late stages of attention processing. If the motivational dimension of emotion or perceptual load influences the early stage of attention processing, the P1 and N1 amplitudes will be larger when stimuli are noticed or allocated more attentional resources. Based on previous studies, Flanker tasks under low approach-motivated positive affect or low perceptual load conditions are likely to evoke greater P1 or N1 amplitudes. However, if the interaction between emotional motivation and perceptual load affects later stages of attention processing, it is possible that high approach-motivated positive affect, high perceptual load conditions, and incongruent trials of the Flanker task may evoke a greater N2 amplitude and a smaller P3 amplitude compared to other conditions. Thus, the N2 and P3 components, which relate to the late selection of attention, will be selected for analysis.



2 Materials and methods


2.1 Participants

G* Power 3.1 (Faul et al., 2007) was used to calculate the required sample size, with an alpha level of 0.05, a power of 0.95, and a large effect size (f = 0.40). As the minimum number of participants required for the repeated-measures ANOVA was 15. Additionally, according to similar previous studies (e.g., Liu et al., 2016; Pandey and Gupta, 2022; Huang et al., 2023), a total of 26 university students (17 females and nine males; Mean age = 23, SD = 2.15) recruited from China participated in this study. All participants were right-handed and have normal or corrected-to-normal vision. All signed informed consent and were paid after the experiment. This study was approved by the Psychological Ethics Committee of the authors’ University.



2.2 Materials and experimental design


2.2.1 Picture materials

A total of 30 pictures of neutral objects were selected from the International Affective Picture System (IAPS) (Lang et al., 1999), while 30 pictures of food and 30 pictures of scenery (natural landscapes, including mountains, grasslands, lakes, and so on) were selected from the Internet. Each image had a pixel dimension of 1,024 × 768. Three pictures of each type were used in the practice task, and 27 pictures were used in the formal experiment. After completing each block of the experiment, participants assessed their emotional responses to the pictures. The emotional self-assessment consisted of two parts: the first part consisted of 12 emotional adjectives (amusement, anger, anxiety, contentment, desire, disgust, engagement, fear, happiness, interest, sadness, and serenity) (Gable and Harmon-Jones, 2008). Among the 12 emotional adjectives, the adjective “Desire” was specifically related to approach motivation. The participants were not hungry when they were shown pictures of food. “Desire” indicates that participants were drawn to the images and had a stronger inclination to approach, get closer to, or acquire the content depicted in them. Participants assessed how they felt, using a scale ranging from 0 (no emotion) to 8 (strongest emotion). The second part was the Self-Assessment Manikin (SAM) (Bradley and Lang, 1994) to rate the valence of each picture (1 = very unpleasant, 9 = very pleasant) and its level of arousal (1 = calm, 9 = exciting).



2.2.2 Flanker task stimulus

The Flanker task stimulus consisted of a centrally presented searchable collection of letters and an interference letter presented at the left or the right periphery (Figure 1). All letters were presented on a gray background. The viewing distance was 80 cm. Each letter was black and subtended 0.7° × 1° of the visual angles. The searchable collection included a target letter (H or S) and five irrelevant letters (selected from the following 12 letters: Q, W, Z, G, T, A, R, B, F, X, L, and K). The five irrelevant letters were the same in the low perceptual load condition, whereas different in the high perceptual load condition. The six letters were arranged in a virtual circle around the central fixation point. The interference letter was H or S, and the distance between interference letter and central fixation point of screen was 6.4°. The target letter and the interference letter were the same in the congruent condition, whereas different in the incongruent condition. This resulted in a 3 (Affect: neutral, high approach-motivated positive affect or low approach-motivated positive affect) × 2 (Perceptual load: high or low) × 2 (Congruency: congruent or incongruent) repeated measures design.


[image: Low and high perceptual load diagrams show different letter arrangements. The low load diagram has a target letter “S” surrounded by irrelevant “Q” letters, labeled as congruent and interference conditions. The high load diagram has a target letter “H,” with surrounding letters “F,” “R,” “W,” “B,” “S,” and “Q,” labeled as incongruent, interference, and irrelevant conditions, forming a searchable collection.]
FIGURE 1
Sample stimuli of the Flanker task.





2.3 Procedure

The participants were asked to sit on the chair in an electromagnetically shielded and soundproofed room with soft light. All stimuli were presented on a 17-inch CRT display (refresh rate: 100 Hz). The present study adopted a block design with each participant completing three blocks: food, scene, and neutral object. The order of the blocks was counterbalanced using a Latin square design. Each block consisted of 216 trials. The ratio of high perceptual load and low perceptual load was each 50%, and the ratio of congruent and incongruent conditions was also each 50%. When combined in pairs, each of the four conditions accounted for one quarter. At the beginning of each trial, a central fixation cross “+” was presented for 300–500 ms, followed by a randomly selected affective or neutral picture for 2,000 ms. After that, a blank screen was present for 800–1,000 ms. Then a central fixation cross “+” was presented for 300–500 ms, and a randomly selected high or low perceptual load Flanker task was then displayed for 500 ms. At last, a blank screen was present for 1,000–1,200 ms (Figure 2). Participants were instructed to discriminate the target letter (H or S) by pressing numeric keypad with their index fingers. For half of the participants, the letter “H” was assigned to key 4 and “S” to key 6, operated by the left and right index fingers respectively. For the other half, “H” was assigned to key 6 and “S” to key 4, with the same finger-key mapping. Participants were only required to determine whether the target letter was H or S, without judging its position. In the experiment, the target letter had an equal probability of appearing to the left, right, top, or bottom of the central fixation point. The assignment of key to response hand was counterbalanced across participants. During the experiment, there were short breaks.


[image: Diagram showing two sequences labeled (a) and (b). Sequence (a) displays a fixation cross, an image of food (a bowl of soup), another fixation cross, an array of letters, and a blank screen. Sequence (b) follows the same order but replaces the food image with a scene image (a lake and mountains). Each stage is labeled with its time interval in milliseconds.]
FIGURE 2
Procedure of the Flanker task [(a) shows an example of a incongruent trial in low perceptual load trials, and (b) shows an example of a congruent trial in high perceptual load trials].




2.4 ERP recording and statistical analysis

Electroencephalograms (EEG) were recorded with 64 Ag/AgCl electrodes positioned in an elastic electrode cap at locations of the extended International 10–20 system by the Neuroscan system. The vertical electrooculograms (VEOGs) were recorded from electrodes placed above and below the left eye, and the horizontal electrooculograms (HEOGs) were monitored with electrodes at the outer canthi of both eyes, separately. The ground electrode is placed in the connection midpoint between the FPz electrode and the Fz electrode. A reference electrode was placed at the left ear mastoid and the reference voltage was changed offline to the average of left and right mastoid recordings. EEG signals were filtered with a bandpass of 0.05–40 Hz and sampled at a frequency of 500 Hz. The contact resistance between electrodes and scalp was kept below 5 kΩ. Scan 4.5 was used for ERP analysis. EOG blink artifacts were corrected using a linear regression estimate. False responses and the data with voltage exceeding ± 75 μV were excluded from analysis. Each averaging epoch lasted 900 ms from the flanker stimulus onset, including 100 ms prior to the flanker stimulus onset served as a baseline. The mean amplitudes of all correct response trials were overlapped and averaged separately. The mean numbers of epochs retained for each condition [12 conditions: Affect (3) × Perceptual load (2) × Congruency (2)] was 45 (rang: 37–54). The selection of electrode sites for the P1, N1, N2, and P3 components was based on prior studies with similar designs to the present study (Liu et al., 2016; Vogel and Luck, 2000; Luo et al., 2021; Huang et al., 2023). The waveforms of 88–108 ms at PO7 and PO8 electrodes was identified as P1, and the waveforms of 146–174 ms at PO7 and PO8 electrodes was identified as N1. The N2 component was identified as the average waveforms from 240 to 370 ms at the Fz, FCz, and Cz electrodes, and the P3 component was identified as the average waveforms from 400 to 600 ms at the Cz, CPz, and Pz electrodes. Repeated measures analyses of variance (ANOVAs) were performed on the behavior and EEG data. The Greenhouse-Geisser correction method was used. The degrees of freedom were uncorrected.




3 Results


3.1 Results on the effectiveness of high and low approach-motivated positive affect induction

At the end of each block, participants were asked to evaluate their emotion evoked by the pictures (Table 1). ANOVAs at three levels with Bonferroni correction were carried out for each self-assessment item. The results showed that the average scores of “anger,” “anxiety,” “disgust,” “fear,” and “sadness” were lower than 0.15. There was no significant main effect of picture type on these emotional adjectives (p = 0.773; p = 0.314; p = 0.522; p = 0.316; p = 0.419), indicating that these three types of pictures did not induce negative emotions. There were significant main effects of picture type on “amusement,” “contentment,” “desire,” “happiness,” “interest,” and “serenity” evaluation (ps < 0.001). Paired comparison results showed that the food pictures and scene pictures evoked more amusement, contentment, happiness, interest and serenity than neutral pictures (ps < 0.001), and there were no significant differences between food and scene pictures (p = 0.552; p = 0.799; p = 0.649; p = 0.518; p = 0.673). For the “desire” evaluation, there was a significant main effect [F(2, 50) = 222.88, p < 0.001, ηp2 = 0.90]. Neutral pictures evoked significantly less desire than both food pictures and scene pictures (ps < 0.001). Moreover, food pictures evoked more desire than scene pictures (p = 0.008). This indicates that the approach-motivational intensity induced by food pictures was significantly higher than that induced by scene pictures. On the other hand, the evaluation results of valence and arousal showed significant main effects (ps < 0.001). The paired comparison results indicated that neutral pictures received significantly lower valence and arousal ratings compared to both food pictures and scenery pictures (ps < 0.001). However, no significant differences were observed between food pictures and scenery pictures in terms of valence (p = 1.00) and arousal (p = 1.00).


TABLE 1 Subjective affect self-assessment scores.


	Self-assessment
	Amusement
	Anger
	Anxiety
	Contentment
	Desire
	Disgust
	Serenity





	Food pictures
	4.19 (0.28)
	0.04 (0.04)
	0.19 (0.10)
	5.92 (0.29)
	7.08 (0.16)
	0.08 (0.05)
	4.89 (0.30)



	Neutral pictures
	1.81 (0.36)
	0.08 (0.05)
	0.15 (0.07)
	1.77 (0.35)
	1.46 (0.31)
	0.15 (0.07)
	4.12 (0.49)



	Scene pictures
	4.39 (0.39)
	0.04 (0.04)
	0.08 (0.05)
	5.85 (0.22)
	6.42 (0.21)
	0.15 (0.07)
	5.15 (0.25)



	Self-assessment
	Fear
	Happiness
	Interest
	Sadness
	Engagement
	Valence
	Arousal



	Food pictures
	0.04 (0.04)
	6.27 (0.21)
	6.77 (0.20)
	0.08 (0.05)
	6.12 (0.31)
	6.92 (0.28)
	5.54 (0.25)



	Neutral pictures
	0.15 (0.07)
	2.50 (0.35)
	2.15 (0.35)
	0.15 (0.07)
	2.81 (0.31)
	4.62 (0.11)
	3.46 (0.31)



	Scene pictures
	0.08 (0.05)
	6.39 (0.24)
	6.58 (0.24)
	0.12 (0.06)
	5.92 (0.24)
	7.00 (0.25)
	5.39 (0.22)






*Standard error in brackets.




The assessment results revealed that, compared to neutral object pictures, both food and scene pictures effectively induced positive affect. Additionally, the positive affect evoked by these two types of pictures only significantly differed in the dimension of “desire.” Specifically, food pictures effectively induced high approach-motivated positive affect, while scene pictures elicited low approach-motivated positive affect. This suggests that the key difference between the two types of positive affect only existed in the dimension of motivation.



3.2 Flanker task performance

The RTs and accuracies of Flanker tasks are shown in Tables 2, 3. First of all, an Affect (3) × Perceptual load (2) × Congruency (2) repeated measures ANOVA with Bonferroni correction for RTs data was performed. The results showed that the main effect of perceptual load was significant [F(1, 25) = 117.3, p < 0.001, ηp2 = 0.82], which indicated that the RTs of high perceptual load trials (796.56 ± 107.55 ms) were significantly longer than those of low perceptual load trials (713.29 ± 81.85 ms). The main effect of congruency was significant, F(1, 25) = 24.61, p < 0.001, ηp2 = 0.50, and this showed that the RTs of congruent trials (748.02 ± 94.20 ms) were significantly shorter than those of incongruent trials (761.83 ± 93.41 ms). No significant main effect of affect was found, F(2, 50) = 0.86, p = 0.43, ηp2 = 0.03. However, the interaction of Affect × Perceptual load was significant, F(2, 50) = 15.36, p < 0.001, ηp2 = 0.38, and the simple effect analysis showed that, only under the high perceptual load condition, the RTs of high approach-motivated positive affect trials (781.64 ± 101.66 ms) were significantly shorter than those of low approach-motivated positive affect trials (810.48 ± 121.28 ms) (p < 0.01). There were no significant interaction effect between congruency and affect F(2, 50) = 0.06, p = 0.94, ηp2 = 0.38, no significant interaction effect between congruency and perceptual load F(1, 25) = 0.45, p = 0.51, ηp2 = 0.02, and no significant three-factor interaction effect F(2, 50) = 2.53, p = 0.10, ηp2 = 0.09.


TABLE 2 Mean (SE) reaction times (RTs) (ms) in response to Flanker task.


	Conditions
	Low perceptual load
	High perceptual load



	
	Congruent
	Incongruent
	Congruent
	Incongruent





	(Food pictures) high approach-motivated positive affect
	710 (15.9)
	717 (14.9)
	773 (20.5)
	790 (20.2)



	(Scene pictures) low approach-motivated positive affect
	700 (18.3)
	716 (16.7)
	804 (24.9)
	816 (23.3)



	(Neutral pictures) neutral affect
	706 (19.1)
	730 (19.9)
	795 (21.1)
	801 (22.7)








TABLE 3 Mean (SE) accuracies (%) in response to Flanker task.


	Conditions
	Low perceptual load
	High perceptual load





	
	Congruent
	Incongruent
	Congruent
	Incongruent



	(Food pictures) high approach-motivated positive affect
	81.4 (3.9)
	81.9 (3.8)
	84.4 (3.2)
	83.0 (3.3)



	(Scene pictures) low approach-motivated positive affect
	81.1 (4.5)
	80.7 (4.4)
	83.5 (2.7)
	82.2 (2.8)



	(Neutral pictures) neutral affect
	83.8 (3.6)
	81.4 (3.7)
	84.2 (2.9)
	82.5 (3.2)







Then, the results of Affect (3) × Perceptual load (2) × Congruency (2) repeated measures ANOVA with Bonferroni correction for accuracies data indicated that the main effect of congruency was significant, F(1, 25) = 10.77, p = 0.003, ηp2 = 0.30, and this showed that the accuracies of congruent trials (0.83 ± 0.16) were significantly higher than those of incongruent trials (0.82 ± 0.16). No significant main effect of affect was found, F(2, 50) = 0.22, p = 0.74, ηp2 = 0.01, and no significant main effect of perceptual load was found, F(1, 25) = 1.31, p = 0.26, ηp2 = 0.05. There were no significant interaction effect between congruency and affect, F(2, 50) = 0.90, p = 0.40, ηp2 = 0.04, no significant interaction effect between congruency and perceptual load, F(1, 25) = 0.58, p = 0.45, ηp2 = 0.02, no significant interaction effect between affect and perceptual load, F(2, 50) = 0.36, p = 0.67, ηp2 = 0.01, and no significant three-factor interaction effect, F(2, 50) = 0.53, p = 0.55, ηp2 = 0.02.



3.3 ERPs results

Mean amplitudes of all correct response trials were computed at four latency intervals (N1: 88–108 ms, P1: 146–174 ms, N2: 240–370 ms, and P3: 400–600 ms) for each participant and condition type. The results are shown in Figures 3–5. Affect × Perceptual load × Congruency repeated-measures ANOVAs with Bonferroni correction were conducted on these intervals.


[image: Graphs display ERP waveforms at electrodes PO7 and PO8 under three conditions: high and low approach-motivated positive affect, and neutral affect. Waveforms show variations in perceptual load, indicated by solid and dashed lines. Notable peaks are labeled N1 and P1. Time is on the x-axis (−100 to 800 ms) and amplitude on the y-axis (−5 µV baseline).]
FIGURE 3
The grand mean event-related potentials (ERPs) at occipital-parietal electrodes PO7 and PO8 of the P1 and N1 induced by Flanker task under three emotional states.



[image: Line graphs displaying brain wave activity under different affect conditions and perceptual loads at Fz and FCz electrode sites. Each condition is represented by different colors and line styles, showing variations in amplitude over an 800ms period. N2 peaks are marked.]
FIGURE 4
The grand mean event-related potentials (ERPs) at frontal electrodes Fz and FCz of the N2 induced by Flanker task under three emotional states.



[image: Three line graphs compare brain wave patterns under different affective states and perceptual loads. Each graph represents low and high perceptual load conditions, both congruent and incongruent. The left graph (red lines) illustrates high approach-motivated positive affect, the middle graph (blue lines) shows low approach-motivated positive affect, and the right graph (green lines) depicts neutral affect. The x-axis represents time in milliseconds, while the y-axis shows microvolt levels. Lines indicate variations in brain activity across the conditions.]
FIGURE 5
The grand mean event-related potentials (ERPs) at parietal electrode Pz of P3 induced by Flanker task under three emotional states.


P1: The Affect (3) × Perceptual load (2) × Congruency (2) repeated measures ANOVA with Bonferroni correction for the average amplitude of PO7 electrode was performed. The results showed the main effects of perceptual load [F(1, 25) = 0.10, p = 0.76, ηp2 = 0.004], affect [F(2, 50) = 1.54, p = 0.23, ηp2 = 0.06], and congruency [F(1, 25) = 0.45, p = 0.51, ηp2 = 0.02] were not significant. There were no significant interaction effect between affect and perceptual load [F(2, 50) = 0.01, p = 0.98, ηp2 = 0], no significant interaction effect between affect and congruency [F(2, 50) = 0.52, p = 0.58, ηp2 = 0.02], no significant interaction effect between perceptual load and congruency [F(1, 25) = 0.26, p = 0.61, ηp2 = 0.01], and no significant three-factor interaction effect of affect, perceptual load, and congruency [F(2, 50) = 0.79, p = 0.43, ηp2 = 0.03].

The Affect (3) × Perceptual load (2) × Congruency (2) repeated measures ANOVA with Bonferroni correction for the average amplitude of PO8 electrode was performed. The results showed the main effect of perceptual load [F(1, 25) = 0.004, p = 0.95, ηp2 = 0], affect [F(1, 25) = 0.96, p = 0.39, ηp2 = 0.04], and congruency [F(1, 25) = 0.93, p = 0.35, ηp2 = 0.04] were not significant. There were no significant interaction effect between affect and perceptual load [F(2, 50) = 0.49, p = 0.60, ηp2 = 0.02], no significant interaction effect between affect and congruency [F(2, 50) = 0.83, p = 0.44, ηp2 = 0.03], no significant interaction effect between perceptual load and congruency [F(1, 25) = 0.45, p = 0.51, ηp2 = 0.02], and no significant three-factor interaction effect of affect, perceptual load, and congruency [F(2, 50) = 0.24, p = 0.78, ηp2 = 0.01].

N1: The Affect (3) × Perceptual load (2) × Congruency (2) repeated measures ANOVA with Bonferroni correction for the average amplitude of PO7 electrode was performed. The results showed the main effect of perceptual load was significant [F(1, 25) = 11.49, p = 0.002, ηp2 = 0.32], the low perceptual load trials (−8.18 ± 5.09 μV) evoked a greater ERP than those of high perceptual load trials (−7.76 ± 5.16 μV). The main effect of affect [F(2, 50) = 1.61, p = 0.21, ηp2 = 0.06] and congruency [F(1, 25) = 0.27, p = 0.61, ηp2 = 0.01] were not significant. There were no significant interaction effect between affect and perceptual load [F(2, 50) = 0.74, p = 0.45, ηp2 = 0.03], no significant interaction effect between affect and congruency [F(2, 50) = 2.40, p = 0.11, ηp2 = 0.09], no significant interaction effect between perceptual load and congruency [F(1, 25) = 0.25, p = 0.62, ηp2 = 0.01], and no significant three-factor interaction effect of affect, perceptual load, and congruency [F(2, 50) = 0.33, p = 0.70, ηp2 = 0.01].

The Affect (3) × Perceptual load (2) × Congruency (2) repeated measures ANOVA with Bonferroni correction for the average amplitude of PO8 electrode was performed. The results showed the main effects of affect [F(2, 50) = 2.24, p = 0.13, ηp2 = 0.08], perceptual load [F(2, 50) = 0.28, p = 0.60, ηp2 = 0.01], and congruency [F(1, 25) = 0.66, p = 0.43, ηp2 = 0.03] were not significant. The interaction effect between Affect and Perceptual load was significant, F(2, 50) = 3.36, p = 0.04, ηp2 = 0.12, the simple effect analysis showed that, under the high perceptual load condition, the low approach-motivated positive affect (−9.22 ± 5.47 μV) evoked a greater ERP than high approach-motivated positive affect (−8.42 ± 5.06 μV; p = 0.039). There were no significant interaction effect between affect and congruency [F(2, 50) = 0.67, p = 0.50, ηp2 = 0.03], no significant interaction effect between perceptual load and congruency [F(1, 25) = 0.01, p = 0.91, ηp2 = 0.001], and no significant three-factor interaction effect of affect, perceptual load, and congruency [F(2, 50) = 0.76, p = 0.48, ηp2 = 0.03].

N2: The Affect (3) × Perceptual load (2) × Congruency (2) repeated measures ANOVA with Bonferroni correction for the average amplitude of Fz, FCz, and Cz electrodes was performed. The results showed a significant main effect of affect, F(2, 50) = 5.62, p = 0.006, ηp2 = 0.18, and the multiple comparison results showed that the high approach-motivated positive affect (−2.72 ± 2.88 μV) evoked a greater ERP than low approach-motivated positive affect (−1.72 ± 2.51 μV; p = 0.011), and the high approach-motivated positive affect tended to evoke a greater ERP than neutral affect (−2.02 ± 2.72 μV; p = 0.075). The ANOVA results also showed a significant main effect of perceptual load [F(1, 25) = 9.16, p = 0.006, ηp2 = 0.27], and the high perceptual load trials (−2.48 ± 2.54 μV) evoked a greater ERP than the low perceptual load trials (−1.82 ± 2.68 μV). No significant main effect of congruency was found, F(1, 25) = 1.18, p = 0.29, ηp2 = 0.05. There were no significant interaction effect between affect and perceptual load [F(2, 50) = 0.30, p = 0.73, ηp2 = 0.01], no significant interaction effect between affect and congruency [F(2, 50) = 0.85, p = 0.42, ηp2 = 0.03], no significant interaction effect between perceptual load and congruency [F(1, 25) = 0.73, p = 0.40, ηp2 = 0.03], and no significant three-factor interaction effect of affect, perceptual load, and congruency [F(2, 50) = 1.21, p = 0.31, ηp2 = 0.05].

P3: The Affect (3) × Perceptual load (2) × Congruency (2) repeated measures ANOVA with Bonferroni correction for the average amplitude of Cz, CPz, and Pz electrodes was performed. The results showed that the main effect of affect was significant [F(2, 50) = 4.49, p = 0.017, ηp2 = 0.15]. The multiple comparison results showed that the neutral affect (6.02 ± 3.85 μV) evoked a greater ERP than high approach-motivated positive affect (4.99 ± 3.83 μV; p = 0.033), and the low approach-motivated positive affect (5.99 ± 4.05 μV) tended to evoke a greater ERP than high approach-motivated positive affect (4.99 ± 3.83 μV; p = 0.066). The main effect of perceptual load was significant [F(1, 25) = 69.63, p < 0.001, ηp2 = 0.74], the low perceptual load trials (6.83 ± 4.07 μV) evoked a greater ERP than those of high perceptual load trials (4.50 ± 3.52 μV). The ANOVA results also showed a significant main effect of congruency [F(1, 25) = 4.81, p = 0.038, ηp2 = 0.16], the flanker congruent trials (5.87 ± 3.81 μV) evoked a greater ERP than flanker incongruent trials (5.46 ± 3.73 μV). There were no significant interaction effect between affect and perceptual load [F(2, 50) = 0.19, p = 0.82, ηp2 = 0.01], no significant interaction effect between affect and congruency [F(2, 50) = 0.67, p = 0.51, ηp2 = 0.03], no significant interaction effect between perceptual load and congruency [F(1, 25) = 2.62, p = 0.12, ηp2 = 0.10], and no significant three-factor interaction effect of affect, perceptual load, and congruency [F(2, 50) = 0.75, p = 0.46, ηp2 = 0.03].




4 Discussion

The present study employed ERP technology and a modified perceptual load Flanker task to investigate how high and low approach-motivated positive affect interact with perceptual load to influence selective attention. Behavioral results indicated that congruent trials yielded higher accuracy than incongruent trials, and both congruency and perceptual load significantly affected reaction times (RTs). In incongruent trials, interference letters played a disruptive role, so that congruent trials resulted in shorter RTs than incongruent trials. As the perceptual load increased, task difficulty also rose, requiring more attentional resources for target letter identification. Consequently, high perceptual load tasks led to slower RTs than low load tasks (Lavie, 2010; Liu and Wang, 2014; Lü et al., 2007). Furthermore, a significant interaction between affect and perceptual load was observed. Under high perceptual load, individuals with high approach-motivated positive affect had shorter RTs than those with low approach-motivated positive affect. A plausible explanation is that individuals in high motivational emotional states may possess greater attentional resources or stronger cognitive control, enabling them to perform more efficiently in demanding tasks.

Event-related potential technology, which precisely reflects processing time, provided evidence of brain electrical activity to explain behavioral results. In studies of selective attention, a typical P1 component is elicited approximately 100 ms after stimulus onset (Luck and Kappenman, 2012), followed by an N1 component. Both components are distributed in the parietal-occipital lobes of the left and right cerebral hemispheres, such as the positions of the PO7 and PO8 electrodes (Marco-Pallarés et al., 2005; Seeck et al., 2017; Luo et al., 2021; Huang et al., 2023), and reflect the perception and classification of visual information (VanRullen and Thorpe, 2001; Vogel and Luck, 2000). The ERP results of this study showed no significant effect on P1, but revealed a significant main effect of perceptual load on N1 at the PO7 electrode. Specifically, low perceptual load trials elicited a greater N1 compared to high perceptual load trials. The N1 component is associated with the discriminative process applied to a restricted visual space (Vogel and Luck, 2000). Under low perceptual load conditions, individuals are able to perceive and discriminate all stimuli more rapidly, especially interference letters. Since low perceptual load trials are generally easier than high perceptual load trials, this condition may result in a greater N1 amplitude, indicative of more efficient discriminative processing. Additionally, a significant interaction effect between affect and perceptual load was observed at the PO8 electrode. Under the high perceptual load condition, individuals with low approach-motivated positive affect showed a greater N1 than individuals with high approach-motivated positive affect. The N1 component is known to reflect attentional allocation to stimuli (Mangun and Hillyard, 1990), with a greater N1 indicating a “gain control” mechanism of visual attention (Hillyard and Anllo-Vento, 1998; Hillyard et al., 1998). These electrophysiological results suggest that stimuli under low approach-motivated positive affect received more attentional resources or were discriminated more carefully. Analysis of the early Flanker task stages concluded that high and low approach-motivated positive affects impacted selective attention in a top-down manner under high perceptual load condition.

For the late stage of selective attention processing, the ERP analysis focused on how different levels of approach-motivated positive affect influenced response selection. Typically, the N2 component is generated in the cingulate gyrus and is distributed across the central frontal region (Veen and Carter, 2002a). Previous studies indicate that N2 reflects the resources required to detect and resolve conflicts, which is associated with the conflict monitoring function of the anterior cingulate cortex (ACC) (Heil et al., 2000; Kanske and Kotz, 2010; Veen and Carter, 2002b). The amplitude of the N2 component is also linked to the conscious recognition of target stimuli (Gehring and Knight, 2000). In this study, N2 analysis from 240 to 370 ms showed a significant main effect of perceptual load, with high perceptual load trials inducing a greater N2 compared to low perceptual load trials. This indicates that high perceptual load trials required more attentional monitoring and greater resources to identify and distinguish target letters within the centrally presented array. Additionally, a significant main effect of affect on N2 was found. Individuals with high approach-motivated positive affect showed a greater N2 than individuals with low approach-motivated positive affect. This implies that individuals under high approach-motivated positive affect exhibited stronger attention monitoring when searching for target letters. As a result, performance on the high perceptual load Flanker task was optimized under conditions of high approach-motivated positive affect.

Analysis of P3 from 400 to 600 ms showed that low perceptual load trials evoked a greater P3 than high perceptual load trials, and congruent trials evoked a greater P3 than incongruent trials. The P3 component, which is distributed in the central and parietal regions, serves as an effective indicator of inhibitory control (Yu et al., 2008; Yuan et al., 2008). Previous research has indicated that P3 amplitude is smaller in conditions requiring inhibition compared to those without inhibition (Markela-Lerenc et al., 2004; Qiu et al., 2006; Ramautar et al., 2006; Chen et al., 2008). Thus in incongruent trials, where target and interference letters conflict, the amplitude of P3 evoked by incongruent trials is smaller than in congruent trials due to the need to suppress interference letters. At the same time, the amplitude of P3 evoked by high perceptual load trials is smaller than in low perceptual load trials. Since P3 appears after the completion of stimulus evaluation (Kok, 2001; Polich, 2004; Wei and Zhou, 2020), differences in P3 also reflect higher-level information processing such as letter naming or identification. In high perceptual load trials, despite the presence of five different irrelevant letters in the searchable array not inducing incorrect responses to target letters, these irrelevant letters impair the recognition of target letters. The P3 analysis also revealed a significant main effect of affect. Specifically, the P3 amplitude under high approach-motivated positive affect was lower than that under low approach-motivated positive affect or neutral affect. Based on the above analysis, it could be inferred that individuals in high approach - motivated positive affect states exhibit stronger cognitive control against distractor letters or a higher - level ability in target letter identification.

In summary, this study aimed to investigate the effects of perceptual load and emotional motivation on attention selection. The behavioral results revealed a significant interaction between perceptual load and affect. Specifically, under high perceptual load conditions, reaction times (RTs) were significantly shorter for trials with high approach-motivated positive affect compared to those with low approach-motivated positive affect. ERP results suggest two possible reasons for this finding. First, the early ERP component N1 was influenced by the motivational dimension of positive affect. This indicates that the motivational dimension of emotion impacts selective attention in a top-down manner during the early stages of attention processing. Previous studies have found that low approach-motivated positive affect tends to broaden the scope of attention (Gable and Harmon-Jones, 2008, 2010a). This study demonstrated that low approach-motivated positive affect involves more extensive perception and discrimination processing of stimuli, which leads to slower reaction times in the late response stage. Therefore, under high perceptual load conditions, low approach-motivated positive affect prompts individuals to focus on a broader attentional range and discriminate interference letters, thereby prolonging reaction times compared to high approach-motivated positive affect. Moreover, the influence of the motivational dimension of positive affect on the late stage of selective attention has been confirmed. The analysis of the N2 and P3 components in the ERP results indicates that high approach-motivated positive affect enhances attention monitoring ability and allocates more attentional resources to inhibit interference compared to low approach-motivated positive affect. This heightened cognitive control facilitates the effective completion of the modified perceptual load Flanker task. Consequently, high approach-motivated positive affect promotes task completion, particularly for tasks with a certain level of difficulty. Under high perceptual load conditions, this effect is particularly pronounced, with RTs for high approach-motivated positive affect trials being significantly shorter than those for low approach-motivated positive affect trials.

In conclusion, this study highlights the facilitating role of high approach-motivated positive affect and the hindering effect of low approach-motivated positive affect on perceptual load Flanker tasks. Emotional context influences individual responses in a top-down manner, overshadowing the impact of perceptual load. These findings have significant theoretical implications for understanding how emotional information interacts with perceptual load in selective attention. Moreover, understanding the impact of high and low approach-motivated positive affect on cognitive tasks is crucial for optimizing performance in work and learning contexts.
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