

[image: image1]
Visual dominance of the congruency sequence effect in a cross-modal context









 


	
	
ORIGINAL RESEARCH
published: 18 December 2024
doi: 10.3389/fpsyg.2024.1504068








[image: image2]

Visual dominance of the congruency sequence effect in a cross-modal context

Xiaoyu Tang1†, Xi Zhang1†, Tingting Wang2, Hongtao Yu1*, Aijun Wang2* and Ming Zhang2,3,4*


1School of Psychology, Liaoning Collaborative Innovation Center of Children and Adolescents Healthy Personality Assessment and Cultivation, Liaoning Normal University, Dalian, China

2Department of Psychology, Soochow University, Suzhou, China

3Department of Psychology, Suzhou University of Science and Technology, Suzhou, China

4Faculty of Interdisciplinary Science and Engineering in Health Systems, Okayama University, Okayama, Japan

Edited by
 Jian Zhang, Beijing Institute of Technology, China

Reviewed by
 Qilin Zhou, Capital Medical University, China
 Lizhi Cao, Beijing Institute of Technology, China

*Correspondence
 Hongtao Yu, yht@lnnu.edu.cn 
 Aijun Wang, ajwang@suda.edu.cn
 Ming Zhang, psychzm@mail.usts.edu.cn

†These authors have contributed equally to this work and share first authorship

Received 30 September 2024
 Accepted 04 December 2024
 Published 18 December 2024

Citation
 Tang X, Zhang X, Wang T, Yu H, Wang A and Zhang M (2024) Visual dominance of the congruency sequence effect in a cross-modal context. Front. Psychol. 15:1504068. doi: 10.3389/fpsyg.2024.1504068
 

The congruency sequence effect (CSE) refers to the reduction in the congruency effect in the current trial after an incongruent trial compared with a congruent trial. Although previous studies widely suggested that CSE was observed only in the modality repeat condition, few studies have reported that CSE could also appear in the modality switch condition. However, it remains unclear whether these conflicting findings were caused by partial repetition effects under modality transition conditions. To address this issue, Experiment 1 controlled for partial repetition effects by ensuring that the modality relationships in both the repetition and switch conditions were either fully congruent or incongruent. The results revealed significant CSE only under the modality repetition condition. In particular, a larger CSE was observed in visual–auditory (VA) repetition than in auditory–visual (AV) repetition, indicating that modality asymmetry might affect the CSE by inducing the priming effect. Thus, Experiment 2 concurrently presented visual and auditory stimuli to eliminate priming effects and further validated CSE differences between auditory and visual modalities. The results revealed that the CSE was significantly greater under the VA condition than under the AV condition and confirmed that the visual modality played a dominant role in the CSE, as visual information is prioritized in processing and ultimately reduces the congruency effect in the next trial. Overall, the present study provides evidence for the specificity of CSE under modality repetition conditions by excluding partial repetition effects and further underscores the critical role of visual dominance in cross-modal CSE.
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1 Introduction

Human performance on a current task is often influenced by prior experience. In prime-probe tasks, for example, participants are asked to identify the probe color while ignoring the prime color (Weissman et al., 2016; Kelber et al., 2023). When the prime and probe colors conflict, responses are typically slower and less accurate than when they match (Botvinick, 2007; Braem et al., 2014; Atalay and Inan, 2017). In particular, such a congruency effect is smaller when the previous trial was consecutively incongruent than when it was congruent (Congruency Sequence Effect, termed CSE; see Grant and Weissman, 2019; Schlaghecken and Maylor, 2020). The CSE has been widely suggested to reflect the control adjustments that modulate response activation after the prime appears but before the probe is presented (Spapé and Hommel, 2008; Kelber et al., 2024). Importantly, evidence has shown that CSE can be modulated by transitions in context features (e.g., modality relationships) between two consecutive trials in prime-probe task (Bräutigam, 2024; Gratton et al., 1992; Kelber et al., 2023).

Evidence widely suggests that CSE is domain specific, occurring when two consecutive trials have repetition features but disappearing in trials with different features (Frings and Spence, 2010; Grant et al., 2020; Yang et al., 2021). For example, by using the prime-probe task, Kelber et al. (2023) investigated the effect of context repetition on CSE by manipulating the stimulus modality, such as spoken color words or color patches. The study revealed significant CSE only when the modality relationship of the prime and probe was congruent in two consecutive trials, supporting the previous domain-specific view that adjustments in the strength of cognitive control depend on the modality relationship (Yang et al., 2017; Dignath et al., 2019; Nolden and Koch, 2023). Similar findings were also reported by Hazeltine et al. (2011) and Yang et al. (2017) who suggested that the control process is specific to the task set (i.e., the set of rules that define stimulus–response associations) but not to a single stimulus. The control process separately forms visual or auditory task sets on the basis of visual and auditory features and stores these task sets in working memory (Rogers and Monsell, 1995). When these auditory (spoken color words) or visual (characters and letters) stimuli were repeated in the experiment, the participants responded quickly on the basis of the previously stored task sets. These findings highlight the role of congruent contextual features in conflict adaptation.

Notably, few studies have reported significant CSE when two consecutive trials involve the modality switch condition (Hazeltine et al., 2011; Forster and Cho, 2014; Kelber et al., 2024). For example, Grant et al. (2020) investigated the effect of task sets on CSE boundaries and reported that CSE not only appeared in the modality repeat condition but also appeared in the modality switch condition. Additionally, Lee and Cho (2023) used cross-modal Simon tasks to investigate the congruency sequence effects under task switch conditions. The results revealed that a significant CSE was still obtained between the two tasks. As Lim and Cho (2021) indicated, the CSE is transferred across different sensory modalities or tasks because they share the same task-irrelevant stimulus dimension. Furthermore, this modality or task switch evidence might indicate that partial modality repetition across trials might play a general role in CSE (Braem et al., 2014; Grant et al., 2020; Lee and Cho, 2024). For example, in the modality switch condition, a visual–visual trial is followed by a visual–auditory trial, whereas the prime modality feature is the first visual stimulus that represents partial repetition. This partial repetition may enhance the participant’s predictability of the next trial by facilitating modality-specific task set formation (Kreutzfeldt et al., 2016; Lim and Cho, 2018; Grant and Weissman, 2023).

Table 1 shows conflicting results regarding the occurrence of CSE in repeat and switch modalities. For example, Kelber et al. (2023) reported that the CSE occurred only in the repeat modality condition, whereas Grant and Weissman (2023), Exp. 1 reported that the CSE occurred in both the repeat and switch two conditions. Notably, both studies defined repeat modality conditions similarly, but they differed in their definitions of switch conditions. Specifically, the former study defined modality switching as within-trial transitions from visual to auditory (VA), whereas the latter study defined modality switching as between-trial transitions from visual to visual (VV) or auditory to auditory (AA). Thus, such incongruent definitions of modality switch conditions might lead to the formation of distinct task sets (Huber-Huber and Ansorge, 2017; Koob et al., 2023; Siqi-Liu and Egner, 2023). Compared with within-trial transitions, participants are more likely to form task sets during between-trial transitions, which can influence task performance efficiency and accuracy (Schlaghecken and Maylor, 2020; Mackenzie et al., 2022; Brosowsky, 2024). Similarly, for Experiment 1 of Grant et al. (2020), significant CSE was observed only under the repeat condition, whereas significant CSE was observed under both the repeat and switch conditions in Experiment 2, which included two mixed modality transition types: VA-AV and VV-AA conditions. Importantly, such incongruent definitions for the modality switch condition led to these studies not fully excluding partial repetition because response times are faster for full repetitions than for partial repetitions; this feature integration confirms a CSE (Kreutzfeldt et al., 2016; Grant et al., 2022; Bräutigam, 2024). Thus, maintaining the modality relationship under the modality switch condition could avoid the impact of partial repetition to explore whether CSE is specific to the repetition of modalities between trials. However, it remains unclear whether these conflicting findings of modality switching were caused by partial repetition effects under modality transition conditions.



TABLE 1 Definitions of modality transition in cross-modal CSE studies.
[image: Table1]

The purpose of this study was to investigate whether the CSE is still specific to the modality repeat condition while maintaining the modality relationship of the prime-probe across two consecutive trials, such as VA-VA or AV-AV. Participants are unlikely to group visual and auditory trials into one task set (Lim and Cho, 2018; Grant et al., 2022). Using a cross-modal prime–probe paradigm (Braem et al., 2014; Hazeltine et al., 2011; Kelber et al., 2023), Experiment 1 investigated whether the CSE is domain-specific by maintaining modality relationships and excluding partial repetition. Experiment 1 hypothesizes that CSE might show greater specificity in modality repetition conditions, considering that the evidence suggests enhanced conflict adaptation when contextual features remain constant (Grant and Weissman, 2017; Cracco et al., 2022; Mackenzie et al., 2022). Moreover, in Experiment 1, the repeat condition involved both visual and auditory probe repetitions, which might have introduced modality asymmetry (Bausenhart et al., 2021; Shichel and Goldfarb, 2022; Wang et al., 2012). In prime-probe tasks, the priming stimulus occurring before the probe stimulus may lead to a priming effect. Thus, Experiment 2 aimed to exclude the priming effect to investigate the influence of modality asymmetry on CSE by presenting the prime stimulus and the probe stimulus simultaneously. Experiment 2 tentatively hypothesized that visual priming would trigger a larger cross-modal CSE than would auditory priming, considering visual dominance (Mayer et al., 2016; Spagna et al., 2020; Yu et al., 2022).



2 Experiment 1

Experiment 1 aimed to investigate whether the CSE is still specific to the modality repeat condition while maintaining the modality relationship in two consecutive trials. In each trial, the participants had to identify the probe color and ignore the color of the prime. Primes and probes are presented as visual color characters or auditory spoken color words, and the modalities of the prime and the probe are always different. We expected to find a larger CSE when the prime and probe modality repeats (vs. switches) between consecutive trials.


2.1 Method


2.1.1 Participants

The sample size for Experiment 1 was determined via G*Power 3.1.9.2 software, indicating that 30 participants were required to detect a medium effect size of η2 = 0.25 (α = 0.05; 1-β = 0.90) via a 2 × 2 repeated-measures analysis of variance (ANOVA). Based on an a priori power analysis, this is the smallest effect size of the CSE across previous trial congruency (congruent, incongruent) and current trial congruency (congruent, incongruent). It represents the smallest effect size detected in studies examining CSE modulations under various context transitions in prime-probe tasks, as reported in previous research (Hazeltine et al., 2011; Dignath et al., 2019; Grant et al., 2020; Grant and Weissman, 2023).

A group of 39 undergraduate students at Soochow University were enrolled through an experimental recruitment advertisement. Six participants were excluded from the analysis because the data rejection rate exceeded 30%. The final sample consisted of 33 undergraduate students (25 females; M = 20.9 years; range = 18–24 years old; SD = 18; 32 right-handed). All participants reported normal or corrected-to-normal vision with no history of neuropsychiatric illness, seizures, or head trauma. All participants provided written informed consent before participating. After the experiment, the participants were paid 20 RMB for their participation. All participants provided their informed consent by completing a consent form that was approved by the Ethics Committee of Soochow University. The study procedures were conducted in accordance with the principles expressed in the Declaration of Helsinki.



2.1.2 Stimuli, tasks and responses

Experiment 1 contained two stimulus types: visual and auditory. The visual stimuli are four Chinese color characters [红, 蓝, 黄, 绿, corresponding to red, blue, yellow, and green in English]. These Chinese color characters are displayed in Microsoft Arial, with a font size of 5 points, presented in the center of the screen, with a visual angle of 2.5°. All visual stimuli are presented on a 23-inch Dell-3020MT display with a resolution of 1920 × 1,080 and a refresh rate of 60 Hz. To create the auditory stimuli, we used Adobe AU software, which converts written text to speech [红(/hong/), 蓝(/lan/), 黄(/huang/), 绿(/lv/)]. The auditory stimuli were presented through a headset earphone (ATH-WS99) at 70 dB.



2.1.3 Design

Experiment 1 consisted of a 2 (modality transition: repeat, switch) × 2 (previous trial congruency: congruent, incongruent) × 2 (current probe modality: visual, auditory) × 2 (current trial congruency: congruent, incongruent) within-subject design. The prime and probe appeared in different sensory modalities, and the prime and probe were presented either auditorily spoken color words or both visually Chinese color characters. There were two consecutive prime–probe pairs, categorized as either modality repeats (e.g., AV–AV or VA–VA) or modality switches (e.g., AV–VA or VA–AV). There are four types of trials (Forster and Cho, 2014; Grant and Weissman, 2017; Kelber et al., 2023): congruent trials following a congruent trial (termed cC), incongruent trials following a congruent trial (termed cI), congruent trials following an incongruent trial (termed iC), and incongruent trials following an incongruent trial (termed iI). In particular, the congruent condition involves a Chinese color character (e.g., 蓝) presented in the prime trial, followed by a semantically congruent probe Chinese speech sound in the probe trial (e.g., /lan/). The incongruent condition refers to a Chinese color character (e.g., 红) presented in the prime trial, followed by a semantically incongruent probe Chinese speech sound in the probe trial (e.g., /lv/).

Figure 1 separately describes two processes of Experiment 1, including modality repeat and modality switch conditions. At the beginning of each trial, a fixation point was displayed in the screen center for a duration of 500 ms, followed by the prime for a 300 ms duration, after a central fixation point for a duration of 50 ms, and finally, a probe appeared for a duration of 300 ms. After the probe offset, the screen remained blank until the participant responded or the time since the probe onset exceeded 1,500 ms. The participants were asked to ignore the initial prime and respond only to the subsequent probe. Specifically, the displayed color words are reacted to by pressing the corresponding number key on their keyboard (the visual stimuli “红, 绿, 黄, 蓝” and the auditory stimuli “/hong/,/lv/,/huang/,/lan/” correspond to the keys “1, 2, 9, 0, respectively”). Following the participant’s response, a blank screen is presented for a duration ranging from 1,600–1,700 ms to minimize the impact of feature integration confounding factors on cognitive control (Polk et al., 2008; Rey-Mermet et al., 2019; Cracco et al., 2022). The experiment presents the stimulus “红/hong/− 绿/lv/” on odd trials and the stimulus “黄/huang/− 蓝/lan/” on even trials (Li et al., 2019; Chen and Zhou, 2013; He et al., 2023); such an approach avoids the repetition of the stimulus–response association in the first and second trials (Gratton et al., 1992; Atalay and Inan, 2017; Kim and Cho, 2014). All visual stimuli were presented on a black background at a viewing distance of approximately 70 cm. The experimental procedure and data recording were controlled by the Psychophysics Toolbox (Brainard and Vision, 1997).

[image: Figure 1]

FIGURE 1
 The modality repeat and modality procedures in Experiment 1. Modality repeat: previous probe and current probe are both visual or auditory; Modality switch: previous probe and current probe are different modalities; ITI was randomized from 1,600 ms to 1,700 ms. cC = previous trial congruent, current trial congruent; cI = previous trial congruent, current trial incongruent; iC = previous trial incongruent, current trial congruent; iI = previous trial incongruent, current trial incongruent; Participants had to react to the displayed color words by pressing the corresponding number key on their keyboard.


The formal experiment involved 10 blocks presented in a random sequence, and each block included 64 trials lasting 5 min, for a total of 640 trials. The participants could rest for 30 s in each block, and the entire experiment took approximately 50 min to complete. Before the formal experiment began, all the participants were asked to conduct a practice experiment. The practice included 32 trials lasting 2 min; if the participant responded incorrectly or if their reaction time exceeded 1,500 ms, they received feedback on the feedback screen, indicating “Incorrect Response” or “Response Timeout”. The rest of the procedure remains the same as in the formal experiment. The participants were required to achieve an accuracy rate of 80% or higher in the practice sessions to qualify for the formal experiment. Otherwise, additional practice was necessary.



2.1.4 Data analysis

These analyses excluded (1) practice trials, (2) the first trial of each block, (3) error and error posterror attempts in each block, and (4) attempts beyond plus or minus 3 standard deviations at the reaction time from the mean response time (RT) and error rate (ER) data (Grant and Weissman, 2023; Kelber et al., 2023; Moretti et al., 2023). The data from Experiment 1 were organized and subjected to further statistical analysis via MATLAB 2018b and JASP 0.17.1 (Love et al., 2019). The CSE is usually calculated via the following formula (Nieuwenhuis et al., 2006; Atalay and Inan, 2017). CSE = (RT (cI) − RT(cC)) − (RT(iI) − RT(iC)). In this formula, cC, cI, iI, and iC represent four types of conflicts: previous trial congruent and current trial congruent (cC), previous trial congruent and current trial incongruent (cI), previous trial incongruent and current trial congruent (iC), and previous trial incongruent and current trial incongruent (iI).

Four repeated-measures ANOVAs were conducted. First, four-way ANOVAs were separately conducted with modality transition (repeat, switch), previous trial congruency (congruent, incongruent), current probe modality (visual, auditory), and current trial congruency (congruent, incongruent) for RT and ER data. Second, studies have reported that CSE could be modulated by the modality transition between previous and current trials (Hazeltine et al., 2011). Thus, to maintain the consistency of the modality relationship between the prime and probe, the experiment classifies two modality conditions: the current probe repeat condition (VA-VA/AV-AV) and the current probe switch condition (AV-VA/VA-AV), with the aim of identifying differences between the repeat and switch conditions. We conducted a repeated measures analysis of variance (ANOVA) with 2 (modality transition: repeat, switch) × 2 (previous trial congruency: congruent, incongruent) × 2 (current trial congruency: congruent, incongruent) variables.

To further explore modality-specific, two repeated measures analyses of variance (ANOVAs) were performed, 2 (previous trial congruency: congruent, incongruent) × 2 (current trial congruency: congruent, incongruent) factors under trial repetition and switching. Third, the modality repeats are divided into visual probe repetitions and auditory probe repetitions, and two conditions are compared to examine whether the CSE exhibits asymmetry between visual and auditory modalities (Yuval-Greenberg and Deouell, 2009; Donohue et al., 2013; Shaw et al., 2020). Repeated-measures ANOVA was conducted with the current probe modality (visual, auditory), previous trial congruency (congruent, incongruent), and current trial congruency (congruent, incongruent) to investigate the presence of a significant CSE in each specific condition. Specifically, two 2 × 2 repeated measures ANOVAs with previous trial congruency (congruent, incongruent) and current trial congruency (congruent, incongruent) were conducted to identify differences between visual and auditory probes in the CSE. Finally, paired-sample t tests were used to compare the magnitude of CSE (e.g., RT (cI-cC) - RT (iI-iC), Atalay and Inan, 2017; Botvinick, 2007; Gratton et al., 1992) between the visual probe and auditory probe types. Bonferroni correction was performed for the p values of the postmultiple comparisons.




2.2 Results

The mean response times and error rates are shown in Table 2.



TABLE 2 Average RTs (ms) and ER (%) in Experiment 1 (M ± SD).
[image: Table2]


2.2.1 Reaction times

The RT and ER results are shown in Table 2. The results revealed significant main effects for the current probe modality, F (1, 32) = 12.81, p = 0.001, [image: image]= 0.29; current trial congruency, F (1, 32) = 93.30, p < 0.001, [image: image]= 0.75. Additionally, the results revealed a significant interaction effect between previous trial congruency and current trial congruency, F (1, 32) = 34.54, p < 0.001, [image: image]= 0.52, and the congruency effect under the previous congruent condition (115 ms) was significantly greater than that under the incongruent condition (86 ms). Significant three-way interactions were also observed. Modality transition, previous trial congruency, and current probe modality had significant interactions, F (1, 32) = 8.47, p = 0.007, [image: image]= 0.21; the interactions among modality transition, previous trial congruency, and current trial congruency were significant, F (1, 32) = 11.78, p = 0.002, [image: image]= 0.27. A four-way interaction between modality transition, previous trial congruency, current probe modality, and current trial congruency was significant, F (1, 32) = 22.42, p < 0.001, [image: image] = 0.41. Importantly, a four-way interaction was found between modality transition, previous trial congruency, current probe modality, and current trial congruency, F (1, 32) = 22.42, p < 0.001, [image: image] = 0.41.

To further explore the significant three-way interaction, we examined whether maintaining consistency in the modality relationship between the prime and probe affects whether the CSE is specific to trial repetition. We conducted two-way ANOVAs with previous trial congruency (congruent, incongruent) and current trial congruency (congruent, incongruent) separately for modality repetitions and switches to investigate whether the CSE was modulated by modality transition. As shown in Figure 2A, for the trial repetition condition, the interaction effect between previous trial congruency and current trial congruency was significant, F (1, 32) = 51.63, p < 0.001, [image: image]= 0.62, and the congruency effect under the previous congruent condition (119 ms) was significantly greater than that under the incongruent condition (63 ms). Simple effect analysis indicated that, compared with the previous congruent trials, the reaction time after the previous incongruent trials significantly decreased, t (32) = 5.71, p < 0.001, Cohen’s d = 0.33, 95% CI = [18.19, 51.43]. The reaction time in the current congruent trials significantly increased, t (32) = 3.39, p = 0.007, Cohen’s d = 0.197, 95% CI = [4.07, 37.31]. For the trail switch condition (Figure 2B), there was no significant main effect or interaction effect. In the visual probe switch condition, there was no significant interaction between previous trial congruency and current trial congruency, F (1, 32) = 0.16, p = 0.69, [image: image]= 0. In the auditory probe switch condition, there was no significant interaction between previous trial congruency and current trial congruency, F (1, 32) = 0.83, p = 0.37, [image: image]=0.002.

[image: Figure 2]

FIGURE 2
 Congruency effects on response time (A) and the error rate (B) in Experiment 1; congruency effect = RT (incongruent) – RT (congruent); (A) congruency effect on response time in Experiment 1; (B) congruency effect on the error rate in Experiment 1; Prev cong: previous congruent trial; Prev incong: previous incongruent trial; ***p < 0.001; **p < 0.01; *p < 0.05.


The asymmetry of cross-modal congruency effects was investigated, the differences between visual probe and auditory probe types were compared, and whether the cross-modal congruency sequence effect exhibited asymmetry was explored. Three-way ANOVAs were conducted with the current trial modality (visual, auditory), previous trial congruency (congruent, incongruent), and current trial congruency (congruent, incongruent). There were significant main effects of current trial modality, F (1, 32) = 7.55, p = 0.01, [image: image]= 0.19; current trial congruency, F (1, 32) = 71.24, p < 0.001, [image: image]= 0.69. The interaction effect between previous trial congruency and current trial congruency was significant, F (1, 32) = 51.63, p < 0.001, [image: image]= 0.62, and the congruency effect in the previous congruent condition (119 ms) was significantly greater than that in the incongruent condition (63 ms). The three-way interaction among modality type, previous trial congruency, and current trial congruency was significant, F (1, 32) = 22.57, p < 0.001, [image: image]= 0.41.

To investigate whether there is a difference in the impact of visual probe and auditory probe modalities on CSE, we conducted two-way ANOVAs with previous trial congruency (congruent, incongruent) and current trial congruency (congruent, incongruent) for the visual probe and auditory probe modalities. For the auditory probe modality, the main effect of current trial congruency was significant, F (1, 32) = 73.84, p < 0.001, [image: image]= 0.70. The interaction effect between previous trial congruency and current trial congruency was significant, F (1, 32) = 73.84, p < 0.001, [image: image]= 0.70, and the congruency effect in the previous trial congruent condition (156 ms) was significantly greater than that in the incongruent condition (74 ms). Simple effect analysis indicated that, compared with previous congruent trials, reaction times significantly decreased in the incongruent trials, t (32) = 4.92, p < 0.001, Cohen’s d = 0.37, 95% CI = [19.21, 67.49], and increased in the current congruent trials, t (32) = 4.37, p < 0.001, Cohen’s d = 0.33, 95% CI = [14.43, 62.72]. For the visual probe modality, the main effect of current trial congruency was significant, F (1, 32) = 39.41, p < 0.001, [image: image]= 0.55. The interaction effect between previous trial congruency and current trial congruency was significant, F (1, 32) = 9.37, p = 0.004, [image: image]= 0.23, and the congruency effect in the previous trial congruent condition (81 ms) was significantly greater than that in the incongruent condition (52 ms). Simple effect analysis revealed that reaction times were significantly lower in the current incongruent trials than in the congruent trials, t (32) = 3.84, p = 0.002, Cohen’s d = 0.25, 95% CI = [7.64, 44.91]. However, there was no significant change in reaction times for the current congruent trials (t < 1). A paired sample t test was conducted for the CSE of different modalities, and the results revealed that the CSE for the auditory probe type (82 ms) was significantly greater than that for the visual probe type (30 ms), t (32) = 3.32, p = 0.002, Cohen’s d = 0.58, 95% CI = [17.26,71.89].



2.2.2 Error rates

The results of the four-way repeated measures ANOVAs revealed a significant main effect of the current probe modality, F (1, 32) = 11.17, p = 0.002, [image: image]= 0.26; current trail congruency, F (1, 32) = 35.57, p < 0.001, [image: image]= 0.526. The interaction effect between modality transition and current modality type was significant, F (1, 32) = 4.28, p = 0.047, [image: image]= 0.118, and the interaction effect between previous trail congruency and current trail congruency was significant, F (1, 32) = 5.88, p = 0.021, [image: image]= 0.155. The congruence effect in the previous congruent condition (6.3%) was significantly greater than that in the incongruent condition (4.5%). The three-way interaction between trail congruency, current probe modality, and current trail congruency was significant, F (1, 32) = 4.24, p = 0.048, [image: image]= 0.117. The four-way interaction between modality transition, previous trial congruency, current probe modality, and current trail congruency was significant, F (1, 32) = 7.54, p = 0.01, [image: image]= 0.191.

To further explain the three-way interaction, two-way ANOVAs were conducted with previous trial congruency (congruent, incongruent) and current trial congruency (congruent, incongruent) for the trail repeat and switch. For the trial repetition condition, the interaction effect between previous trial congruency and current trial congruency was significant, F (1, 32) = 12.14, p = 0.001, [image: image]= 0.28, and the congruency effect in the previous trial congruent condition (6.6%) was significantly greater than that in the incongruent condition (2.4%). Simple effect analysis revealed that, compared with the previous congruent conditions, the error rate significantly decreased after the incongruent conditions, t (32) = 4.13, p < 0.001, Cohen’s d = 0.68, 95% CI = [0.011, 0.056]; the error rate for the current congruent trials showed no significant change. For the trail switch condition, there was no significant main effect or interaction effect. In the visual probe switch condition, there was no significant interaction between previous trial congruency and current trial congruency, F (1, 32) = 0.37, p = 0.55, [image: image]= 0.002; in the auditory probe switch condition, there was no significant interaction between previous trial congruency and current trial congruency, F (1, 32) = 0.002, p = 0.97, [image: image]= 0.

To investigate the asymmetry of cross-modal CSE, three-way ANOVAs with current probe modality (visual, auditory), previous trial congruency (congruent, incongruent), and current trial congruency (congruent, incongruent) were conducted. There was a significant main effect of current probe modality, F (1, 32) = 9.10, p = 0.005, [image: image] = 0.22; current trial congruency, F (1, 32) = 35.20, p < 0.001, [image: image]= 0.52. The interaction effect between previous trial congruency and current trial congruency was significant, F (1, 32) = 11.77, p = 0.002, [image: image]= 0.27. The three-way interaction among current probe modality, previous trial congruency, and current trial congruency was significant, F (1, 32) = 7.44, p = 0.01, [image: image]= 0.19.

To investigate whether there is a difference in the impact of visual and auditory types on CSE, two-way ANOVAs were conducted with previous trial congruency (congruent, incongruent) and current trial congruency (congruent, incongruent). For the auditory probe modality, the interaction effect between previous trial congruency and current trial congruency was significant, F (1, 32) = 16.93, p < 0.001, [image: image]= 0.35, and the congruency effect was significantly greater in the previous congruent condition (9.1%) than in the incongruent condition (2.3%). Simple effect analysis revealed that, compared with previous congruent trials, the error rate significantly decreased for current incongruent trials following previous incongruent trials, t (32) = 4.13, p < 0.001, Cohen’s d = 0.69, 95% CI = [0.02, 0.08], whereas the error rate for current congruent trials remained nonsignificant, t (32) = 1.73, p = 0.535. For visual probe modality, there was no significant main effect or interaction effect.




2.3 Discussion

The purpose of Experiment 1 was to investigate the specificity of CSE by manipulating the congruency of the modality relationship between the prime and probe. The results revealed that the CSE was observed only in the modality repeat condition (Figure 2A) but did not appear in the modality switch condition even when the modality relationship was controlled. These results partially support and extend those of prior related studies, which indicated that CSE was specifically associated with modality repetition when the modality relationship between two trials was congruent (Kreutzfeldt et al., 2016; Lee and Cho, 2024). In this study, the modality repeat was divided into VA and AV repetitions. When comparing the visual and auditory probe conditions, the CSE showed asymmetry between the two modalities (Donohue et al., 2013; Huang et al., 2015; Ulrich et al., 2021; Yu et al., 2022). When the auditory and visual modality types were compared, the CSE of the auditory type was significantly greater than that of the visual type (Figure 2A). This finding provides further support for the existence of a visual advantage in CSE (Bauer et al., 2020; Tomat et al., 2020; Chang et al., 2022).

In Experiment 1, we explicitly controlled the modality relationship between the primes and probes to ensure that, in the switch condition, the relationship was entirely congruent or incongruent. This approach avoids feature integration confounds (Hommel et al., 2001; Huffman et al., 2020; Schiltenwolf et al., 2023) and eliminates partial repetition, which is known to influence cognitive control processes (Bräutigam, 2024). The findings confirmed that CSE is modality-specific and cannot be simply attributed to the repetition of the modality relationship or the formation of visual or auditory task sets. These results align with the theory that task sets, which are defined by context-related features such as sensory modalities, serve as boundaries that guide cognitive control (Grant and Weissman, 2023). The inability of the participants to form a general task set in both the VA and AV switch conditions suggests that modality-specific cognitive control mechanisms are essential for managing cross-modal tasks. Additionally, the results revealed that the CSE was significantly greater under auditory modality conditions than under visual modality conditions (Figure 2A).

The present study extends previous findings of congruent effects on interference within the visual modality (Braem et al., 2019; Jost et al., 2022; Shichel and Goldfarb, 2022) to interference across the visual and auditory modalities. Thus, the recently observed cross-modal flanker effect by Ulrich et al. (2021) can be qualitatively modulated by manipulations similar to visual flanker effects. Not surprisingly, the congruency effects were generally greater with visual distractors than with auditory distractors. Thus, similar to other methods (Frings and Spence, 2010), this finding indicates that visual target processing is more prone to interference within the visual modality than is cross-modal processing (Colavita, 1974; Allenmark et al., 2024). This finding suggests that the visual modality often exerts a stronger influence on cognitive processing than the auditory modality (Ulrich et al., 2021; Li et al., 2023). Moreover, it has been accordingly suggested that vision dominates over audition via enhanced functional connectivity between the dorsal visual stream and the sensorimotor system (Huang et al., 2015; Shaw et al., 2020). This asymmetry may indicate that vision might generally dominate audition, which would lead to greater interference from visual distractors than from auditory distractors. Additionally, the influence of the priming effect also plays a role, as presenting a visual stimulus before an auditory stimulus causes a greater congruency effect than does presenting an auditory stimulus before a visual stimulus (Grant and Weissman, 2017). In Experiment 2, the prime and probe were presented simultaneously to eliminate these priming effects, allowing for a clearer observation of whether modality asymmetry in the CSE still occurs when both modalities are processed concurrently.




3 Experiment 2

The purpose of Experiment 2 was to eliminate priming effects to validate CSE differences between visual and auditory probes. In Experiment 2, the prime stimuli were temporally synchronous with the probe stimuli. Before the experiment, the participants were asked to respond selectively to auditory or visual stimuli according to experimental instructions while ignoring another task-irrelevant visual or auditory stimulus. Additionally, the presence of modality asymmetry confirms visual dominance in the VA and AV conditions.


3.1 Method


3.1.1 Participants

The sample size for Experiment 2 was determined via G*Power 3.1.9.2 software, indicating that 24 participants were required to detect a medium effect size (η2 = 0.25) via a 2 × 2 repeated-measures analysis of variance (ANOVA) with a significance level of α = 0.05 and a power of 1-β = 0.80. A group of 26 undergraduate students from Soochow University were enrolled in an experimental recruitment advertisement. Two participants were excluded from the analysis because the data rejection rate exceeded 30%. The final sample consisted of 24 undergraduate students (21 females; M = 21.3 years; range = 18–26 years old; SD = 2.2; 24 right- handed). The participants reported normal or corrected-to-normal vision and had no history of neuropsychiatric illness, seizures, or head trauma. All participants also had normal or corrected-to-normal vision and no hearing problems. After the experiment, the participants were paid 20 RMB for their participation. All participants provided their informed consent by completing a consent form that was approved by the Ethics Committee of Soochow University. The study procedures were conducted in accordance with the principles expressed in the Declaration of Helsinki.



3.1.2 Stimuli, tasks and responses

The experimental materials and instruments used are the same as those used in Experiment 1. In particular, the prime stimulus was presented in synchrony with the probe stimuli (Kelber et al., 2023).



3.1.3 Design

The experiment employed a cross-modal congruency paradigm in which visual and auditory stimuli were simultaneously presented. The within-subject design with a three-factor structure included the current probe modality (visual, auditory), previous trial congruency (congruent, incongruent), and current trial congruency (congruent, incongruent). The process described above represents the experimental procedure for a single trial of Experiment 2 (Figure 3). Each trial began with a central fixation point displayed (500 ms), followed by a cross-modal stimulus (300 ms), the prime and probe presented at the same time, and then a black screen presented for 1,500 ms until the participants responded. Before each block, the participants were told whether to respond to an auditory probe or a visual probe. The probe modality types alternated between blocks in the ABBA sequence, effectively balancing time order errors into linear system changes (Schneider and Logan, 2006). The keypress requirements matched those of Experiment 1.

[image: Figure 3]

FIGURE 3
 The visual and auditory probe types in Experiment 2; probe modality switches in blocks; cC = previous congruent trial, current congruent trial; cI = previous congruent trial, current incongruent trial; iC = previous incongruent trial, current congruent trial; iI = previous incongruent trial, current incongruent trial; participants had to react to the displayed color words by pressing the corresponding number key on their keyboard.


The formal experiment consisted of 10 blocks, and one block included 64 trials, for a total of 640 trials. The subjects could rest for 30 s in each block, and the whole task took approximately 40 min to complete. Before the formal experiment began, all the subjects were given a practice experiment. The practice sessions included 32 trials lasting 2 min. The participants received feedback on the feedback screen, labeled “Incorrect Response” or “Response Timeout” in case of errors or response times exceeding 1,500 ms. The participants were required to achieve an accuracy rate of 80% or higher in the practice sessions to qualify for the formal experiment. Otherwise, additional practice was necessary.



3.1.4 Data analysis

In Experiment 2, the data analysis method was the same as that in Experiment 1. To investigate potential differences in CSE between visual probe and auditory probe modality types, a 2 (current probe modality: visual, auditory) × 2 (previous trial congruency: congruent, incongruent) × 2 (current trial congruency: congruent, incongruent) repeated-measures ANOVA was conducted to explore the asymmetry of CSE. Bonferroni correction was performed for the p values of the postmultiple comparisons.




3.2 Results

The mean reaction time and error rate are shown in Table 3.



TABLE 3 Average RTs (ms) and ER (%) in experiment 1 (M ± SD).
[image: Table3]


3.2.1 Reaction time

The RTs and error rates in each condition are shown in Table 3. Three-way ANOVAs with current probe modality (visual, auditory), previous trial congruency (congruent, incongruent), and current trial congruency (congruent, incongruent) were conducted. There were significant main effects of the current probe modality, F (1, 23) = 56.58, p < 0.001, [image: image]= 0.71; current trial congruency, F (1, 23) = 48.71, p < 0.001, [image: image]= 0.68. Additionally, the interaction effect between previous trial congruency and current trial congruency was significant, F (1, 23) = 11.12, p = 0.003, [image: image]= 0.33. The three-way interaction among current probe modality, previous trial congruency, and current trial congruency was significant, F (1, 23) = 7.41, p = 0.012, [image: image]= 0.24.

As shown in Figure 4A, two-way ANOVAs were conducted with previous trial congruency (congruent, incongruent) and current trial congruency (congruent, incongruent) among the visual and probe modality types. The auditory probe type had a significant interaction effect between previous trial congruency and current trial congruency, F (1, 23) = 31.72, p < 0.001, [image: image]= 0.58, and the congruency effect was significantly greater in the previous congruent condition (99 ms) than in the incongruent condition (57 ms). Simple effect analysis revealed that reaction times did not significantly change for current incongruent trials following previous incongruent trials (t < 1), whereas reaction times for current congruent trials significantly increased, t (23) = 5.36, p < 0.001, Cohen’s d = 0.36, 95% CI = [19.90, 63.16]. For the visual probe type, there was no significant interaction between previous trial congruency and current trial congruency, F (1, 23) = 0.19, p = 0.67, [image: image]= 0.008.

[image: Figure 4]

FIGURE 4
 Congruency effects on RT and the error rate in Experiment 2; Congruency effect = RT (incongruent) – RT (congruent); (A) congruency effect on RT in Experiment 2; (B) congruency effect on the error rate in Experiment 2; Prev cong: previous congruent trial; Prev incong: previous incongruent trial; **p < 0.01; *p < 0.05.




3.2.2 Error rates

Three-way ANOVAs with current probe modality (visual, auditory), previous trial congruency (congruent, incongruent), and current trial congruency (congruent, incongruent) were conducted on error rates. The three-way interaction among modality type, previous trial congruency, and current trial congruency was significant, F (1, 23) = 9.50, p = 0.005, [image: image]= 0.29.

As shown in Figure 4B, two-way ANOVAs were conducted with previous trial congruency (congruent, incongruent) and current trial congruency (congruent, incongruent) among the visual and auditory probe modalities. For the auditory probe, the interaction effect between previous trial congruency and current trial congruency was significant, F (1, 23) = 5.06, p = 0.034, [image: image]= 0.18, and the congruency effect was significantly greater in the previous congruent condition (3.5%) than in the incongruent condition (−0.04%). Simple effect analysis revealed that error rates did not significantly change for current incongruent trials following previous incongruent trials, t (23) = 2.04, p = 0.316, and error rates for current congruent trials remained nonsignificant (t < 1). For the visual probe, the interaction effect between previous trial congruency and current trial congruency was significant, F (1, 23) = 4.43, p = 0.046, [image: image]= 0.16, and the congruency effect was significantly smaller in the previous incongruent condition (−0.5%) than in the congruent condition (2.3%). Simple effect analysis indicated that error rates did not significantly change for current incongruent trials following previous incongruent trials, t (23) = 1.69, p = 0.632. The error rates for the current congruent trials remained nonsignificant (t < 1).




3.3 Discussion

The purpose of Experiment 2 was to validate the differences in the CSE between visual and auditory types by eliminating the priming effects caused by modality asymmetry. The results revealed that modality asymmetry was still observed even after eliminating the priming effect. Specifically, a significant CSE was observed in both the faster reaction time and the lower error rate in the VA condition and not vice versa. The modality asymmetry remained even after presenting the prime and probe stimuli simultaneously to control for priming effects. This finding further indicates that the modality asymmetry in the CSE observed between the VA and AV conditions in Experiment 1 was not entirely caused by the priming effect (Yu et al., 2022; Siqi-Liu and Egner, 2023; Bräutigam, 2024).

The modality asymmetry in the CSE was still obtained even if the priming effect was removed. Experiment 2 suggested that this asymmetry was due mainly to the visual dominance effect in cognitive control processes. The CSE between the previous congruent and incongruent trials in the AV condition was not significant. This suggests that the influence of the previous incongruent trial on the current trial was reduced and may be due to the visual dominance effect (Bauer et al., 2020; Chang et al., 2022; Li et al., 2023). Yu et al. (2022) investigated how the neural encoding of basic auditory and visual features is modulated by cross-modal information when participants watch movie clips that are primarily composed of nonrhythmic events. The results revealed asymmetrical cross-modal interactions in the neural encoding of sensory features. The auditory feature was enhanced by congruent visual information, whereas the neural encoding of visual features was not significantly influenced by auditory input. Thus, in our study, the reduced congruency effect in the AV condition shows that auditory information does not significantly modulate visual processing. This highlights the role of visual dominance in cognitive control processes (Xia et al., 2018; Tomat et al., 2020; Wu et al., 2023). As a result, the cognitive control adjustments triggered by VAs were greater than those triggered by AVs and demonstrated the impact of visual dominance in cross-modal CSE.




4 General discussion

After maintaining a consistent modality relationship between the prime and probe across two consecutive trials and excluding the effect of partial repetition, the results of Experiment 1 confirmed that the CSE is indeed specific to cross-trial modality congruency (Kreutzfeldt et al., 2016; Li et al., 2021; Cracco et al., 2022). The findings from Experiment 2 revealed that the CSE was significantly greater under the VA condition than under the AV condition, highlighting the modality-specific effects on cognitive control in cross-modal contexts. The study tentatively suggested that two critical mechanisms might contribute to these results. First, the episodic retrieval view of the CSE might partially explain how memory from previous trials influences cognitive control through the task set. Second, the asymmetry of cognitive control could clarify the visual dominance observed, particularly in the VA and AV conditions.


4.1 Episodic retrieval view of the CSE

In Experiment 1, the results revealed significant CSE in the modality repeat condition, which might have led to the formation of modality-specific task sets. This result might be partially supported by the episodic retrieval account provided by Spapé and Hommel (2008), which suggested that participants could create an episodic memory of the previous trial (e.g., the stimuli that appeared) as well as abstract features (e.g., the task, the S–R mapping, trial congruency, Weissman, 2020; Grant et al., 2022). It posits that the CSE is greatest when participants employ the same task set both within each trial and across consecutive trials (Forster and Cho, 2014; Weissman et al., 2016; Dunaway and Weissman, 2024). When the task and/or stimulus modality repeats, the previously formed episodic binding can be reapplied to enhance performance. In the case of a switch of either the task or the stimulus modality, the previous episodic binding must be overcome (Kandalowski et al., 2020).

The current findings suggest that the formation of modality-specific task sets is associated with the orientation of attention toward the relationship between the prime and probe modalities. In our study, we ensured that the modality relationship was fully congruent in the repeat condition and entirely incongruent in the switch condition, preventing participants from predicting the upcoming single-modality task set. Specifically, in the repeat condition, participants categorized each trial on the basis of the probe modality as either “VA” or “AV.” This categorization allows control mechanisms to assign visual and auditory stimuli to distinct tasks, thereby facilitating the formation of modality-specific task sets (Verbruggen et al., 2006; Hazeltine et al., 2011; Koob et al., 2023). Conversely, in the switch condition, the modalities of the previous and current trials were completely incongruent, such as “VA-AV or AV-VA,” making it impossible to establish task sets on the basis of the target modality. Consequently, altering the presentation of task stimuli disrupts the retrieval of episodic memories from prior trials, thereby diminishing or eliminating the CSE. Notably, Grant et al. (2020) employed word stimuli as both prime and probe stimuli in Experiment 2, reporting a significant cross-modal CSE in both repeat and switch modality conditions. Their study included “mixed modality” trials alongside “all visual” and “all auditory” trials, highlighting the critical role of task sets in cognitive control related to the CSE. Importantly, they failed to observe modality-specific CSE, whereas a significant CSE was evident in both the repeat and switch conditions. In contrast, in our study, we observed a significant CSE in the VA and AV repetition conditions. This is in contrast to Grant et al.’s (2020) switch condition, where the VA-AV and VA-VA conditions were treated as switch, without considering that VA-VA is actually a form of VA repetition. We suggest that the modality relationship between prime and probe stimuli may influence the ability of participants to form a task set, leading to a modality-specific CSE.

Additionally, the effects of partial repetition or repetition costs on CSE could also be accounted for by conflict monitoring and cognitive control theories, which posit that the stimuli and their associated responses that occur together are integrated into a single event file. When this pairing is repeated across trials, the episodic memory representation can be readily retrieved, resulting in faster response times (Huffman et al., 2020; Kandalowski et al., 2020). Conversely, when only part of the event file is repeated—such as in instances of partial switching or partial repetition—the nonrepeated portion is automatically activated. This activation must be overridden during the current trial, leading to slower responses. In cases of complete switches, the lack of preactivated representations enables faster responses(Li et al., 2019; Nolden and Koch, 2023). Therefore, in our study, we used four pairs of stimuli with trials consisting of either complete repetitions or complete alternations. For example, the stimuli in trial n-1 could be VA/AV, and in trial n, they could also be VA/AV, representing a complete repetition; alternatively, the stimuli in trial n-1 could be VA/AV, and in trial n, they could be AV/VA, representing a complete alternation. In this way, partial repetition or repetition costs can be completely ruled out as an explanation for the sequential modulation of congruency effects in modality switch trials.



4.2 The asymmetry of cognitive control

The results from Experiments 1 and 2 indicated that the CSE was more pronounced in VA conditions than in AV conditions, which suggests a visual dominance effect in cognitive control (Chang et al., 2022; Yu et al., 2022). This can be explained by the fact that visual stimuli tend to dominate cognitive processing across various stages, from early perceptual stages to later stages such as semantic representation and response selection (Thorne et al., 2011; Spence and Ho, 2015). Although the human brain continuously processes inputs from various sensory modalities, it does not assign them equal importance. According to the modality appropriateness hypothesis (Mercier et al., 2015; Wesslein et al., 2019), sensory modalities vary in their suitability for perceiving different types of stimuli. Each modality excels in a specific function, outperforming the others in that area. For example, the visual modality is better suited for detecting object features such as changes in luminance, color, and shape, whereas the auditory modality is more effective in perceiving temporal and frequency aspects of stimuli (Colavita, 1974; Xia et al., 2018). Accordingly, it has been suggested that vision dominates over audition via enhanced functional connectivity between the dorsal visual stream and the sensorimotor system (Huang et al., 2015).

Our findings are partially in line with this evidence, which consistently reported asymmetry between visual and auditory cognitive control processing. Chen and Zhou (2013) reported that visual distractors caused more interference with auditory processing (i.e., typical visual dominance) at the preresponse level, whereas auditory distractors caused more interference with visual processing at the response level. Moreover, Allenmark et al. (2024) demonstrated a reduced priming effect when sensory modalities switch from auditory to visual, where priming was less effective across different modalities than within the same modality. This evidence indicates that modality asymmetry might play an important role in CSE (Botvinick, 2007; Carter et al., 2000; Klatt et al., 2023). Botvinick et al. (2004) offer a framework for understanding visual dominance through the conflict monitoring model; visual information may elicit stronger conflict signals from the dorsolateral prefrontal cortex (DLPFC), which is responsible for conflict resolution by adjusting the weights according to current task demands (Kim and Cho, 2014; Lim and Cho, 2018; Li et al., 2021). Using electrocorticography (ECoG) measurements, Mercier et al. (2015) investigated the role of local and interregional phase alignment in driving a well-established behavioral correlate of multisensory integration. In a speeded detection task, participants responded to auditory or visual and multisensory (audiovisual) stimuli with a button press while electrocorticography was recorded from the auditory cortex. The results showed that visual stimuli reset oscillatory activity in the auditory cortex in the delta (1–4 Hz) and theta bands. This finding supports the idea that a lag between visual and auditory stimuli can influence and reset auditory processing, leading to enhanced visual-to-auditory control mechanisms (Spence and Ho, 2015; Spagna et al., 2020; Sicard et al., 2021). This converging evidence underscores the preferential processing of visual stimuli and explains why the CSE was stronger in VA conditions in our study, highlighting the critical role of visual dominance in cross-modal cognitive control. Furthermore, Xia et al. (2018) investigated the effects of practice on cross-modal selective attention. They focused on whether practice influences different sensory modalities in the same way as the visual dominance observed in multisensory environments. The results demonstrate that practice enhances visual performance, whereas auditory performance remains unchanged, suggesting greater flexibility in adapting visual attention with practice. These findings collectively highlight that the visual modality tends to maintain control across different levels of cognitive processing, as evidenced by the stronger CSE in VA conditions observed in this study.




5 Conclusion

The purpose of this study was to explore whether the CSE remains specific to modality repetition. Experiment 1 aimed to maintain consistent modality relationships between trials to eliminate partial repetition effects. The results demonstrated that CSE was significant under repeated conditions, with a stronger effect under VA conditions than under AV conditions. This finding partially supported and extended previous research and suggested an asymmetry in cognitive control between visual and auditory modalities driven by visual dominance. However, Experiment 1 did not address the potential impact of priming effects on cognitive control. Experiment 2 was designed to control for prime effects and further explore the role of modality in the CSE. The results demonstrated that CSE occurred only in the VA condition, which suggested that visual dominance plays a critical role in cross-modal interactions. Overall, the study indicated that the CSE is modality specific, with visual stimuli having a stronger influence on cognitive control than auditory stimuli do. Additionally, the study indicated that the CSE is modality specific, with visual stimuli having a stronger influence on cognitive control than auditory stimuli do. This research contributes to a deeper understanding of cognitive control mechanisms in cross-modal interactions, particularly highlighting the role of visual dominance in shaping modality-specific effects on CSE. In future research, we plan to employ EEG or fMRI techniques to further investigate the neurophysiological mechanisms underlying the CSE. However, as a first step, we aim to thoroughly understand the behavioral mechanisms of the CSE, as this will provide valuable insights for the design of future EEG or fMRI experiments.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by the Ethics Committee of Soochow University. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

XT: Project administration, Writing – review & editing. XZ: Writing – review & editing. TW: Methodology, Writing – review & editing. HY: Visualization, Writing – review & editing. AW: Funding acquisition, Writing – review & editing. MZ: Supervision, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This work was supported by the Youth Project of Humanities and Social Sciences financed by the Ministry of Education (Grant no. 22YJC190020, XT), the Natural Science Foundation of Liaoning Province (Grant no. 2022-MS-312, XT), the Major Program of Philosophy and Social Sciences in Jiangsu Province (2024SJZD137), the SuzhoScience and Technology Development Plan (People’s Livelihood Science and Technology:SKY2022113), and the Natural Science Basic Scientific Research Project of the Educational Department of Liaoning Province (JYTQN2023270, HY).



Acknowledgments

The authors would like to thank all individuals who participated in the initial experiments from which the raw data were collected.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as potential conflicts of interest.



Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 Allenmark, F., Yu, H., Müller, H. J., Shi, Z., and Frings, C. (2024). Distractor-response binding influences visual search.

 Atalay, N. B., and Inan, A. B. (2017). Repetition or alternation of context influences sequential congruency effect depending on the presence of contingency. Psychol. Res. 81, 490–507. doi: 10.1007/s00426-016-0751-8

 Bauer, A.-K. R., Debener, S., and Nobre, A. C. (2020). Synchronisation of neural oscillations and cross-modal influences. Trends Cogn. Sci. 24, 481–495. doi: 10.1016/j.tics.2020.03.003 

 Bausenhart, K. M., Ulrich, R., and Miller, J. (2021). Effects of conflict trial proportion: a comparison of the Eriksen and Simon tasks. Atten. Percept. Psychophys. 83, 810–836. doi: 10.3758/s13414-020-02164-2 

 Botvinick, M. M. (2007). Conflict monitoring and decision making: reconciling two perspectives on anterior cingulate function. Cogn. Affect. Behav. Neurosci. 7, 356–366. doi: 10.3758/CABN.7.4.356 

 Botvinick, M. M., Cohen, J. D., and Carter, C. S. (2004). Conflict monitoring and anterior cingulate cortex: an update. Trends Cogn. Sci. 8, 539–546. doi: 10.1016/j.tics.2004.10.003 

 Braem, S., Abrahamse, E. L., Duthoo, W., and Notebaert, W. (2014). What determines the specificity of conflict adaptation? A review, critical analysis, and proposed synthesis. Front. Psychol. 5:1134. doi: 10.3389/fpsyg.2014.01134 

 Braem, S., Bugg, J. M., Schmidt, J. R., Crump, M. J. C., Weissman, D. H., Notebaert, W., et al. (2019). Measuring adaptive control in conflict tasks. Trends Cogn. Sci. 23, 769–783. doi: 10.1016/j.tics.2019.07.002

 Brainard, D. H., and Vision, S. (1997). The psychophysics toolbox. Spat. Vis. 10, 433–436. doi: 10.1163/156856897X00357

 Bräutigam, L. C. (2024). Exploring behavioral adjustments of proportion congruency manipulations in an Eriksen flanker task with visual and auditory distractor modalities. Mem Cognit 52, 91–114. doi: 10.3758/s13421-023-01447-x 

 Brosowsky, N. P. (2024). Proactive and reactive cognitive control in the absence of learning and memory confounds: evidence from a cross-modal trial-unique Stroop task. Can. J. Exp. Psychol. 78, 245–255. doi: 10.1037/cep0000325 

 Carter, C. S., Macdonald, A. M., Botvinick, M., Ross, L. L., Stenger, V. A., Noll, D., et al. (2000). Parsing executive processes: strategic vs. evaluative functions of the anterior cingulate cortex. Proc. Natl. Acad. Sci. 97, 1944–1948. doi: 10.1073/pnas.97.4.1944 

 Chang, S., Xu, J., Zheng, M., Keniston, L., Zhou, X., Zhang, J., et al. (2022). Integrating visual information into the auditory cortex promotes sound discrimination through choice-related multisensory integration. J. Neurosci. 42, 8556–8568. doi: 10.1523/JNEUROSCI.0793-22.2022 

 Chen, Q., and Zhou, X. (2013). Vision dominates at the preresponse level and audition dominates at the response level in cross-modal interaction: behavioral and neural evidence. J. Neurosci. 33, 7109–7121. doi: 10.1523/JNEUROSCI.1985-12.2013 

 Colavita, F. B. (1974). Human sensory dominance. Percept. Psychophys. 16, 409–412. doi: 10.3758/BF03203962

 Cracco, E., Braem, S., and Brass, M. (2022). Observing conflicting actions elicits conflict adaptation. J. Exp. Psychol. Gen. 151, 493–505. doi: 10.1037/xge0001089 

 Dignath, D., Johannsen, L., Hommel, B., and Kiesel, A. (2019). Reconciling cognitive-control and episodic-retrieval accounts of sequential conflict modulation: binding of control-states into event-files. J. Exp. Psychol. Hum. Percept. Perform. 45, 1265–1270. doi: 10.1037/xhp0000673 

 Donohue, S. E., Appelbaum, L. G., Park, C. J., Roberts, K. C., and Woldorff, M. G. (2013). Cross-modal stimulus conflict: the behavioral effects of stimulus input timing in a visual-auditory Stroop task. PLoS One 8:e62802. doi: 10.1371/journal.pone.0062802 

 Dunaway, M. G., and Weissman, D. H. (2024). Both congruent and incongruent trials drive the congruency sequence effect: novel support for an episodic retrieval view of adaptive control in the prime–probe task. J. Exp. Psychol. Learn. Mem. Cogn. 22:1349. doi: 10.1037/xlm0001349 

 Forster, S. E., and Cho, R. Y. (2014). Context specificity of post-error and post-conflict cognitive control adjustments. PLoS One 9:e90281. doi: 10.1371/journal.pone.0090281 

 Frings, C., and Spence, C. (2010). Crossmodal congruency effects based on stimulus identity. Brain Res. 1354, 113–122. doi: 10.1016/j.brainres.2010.07.058

 Grant, L. D., Cerpa, S. R., and Weissman, D. H. (2022). Rethinking attentional reset: task sets determine the boundaries of adaptive control. Q. J. Exp. Psychol. 75, 1171–1185. doi: 10.1177/17470218211047424 

 Grant, L. D., Cookson, S. L., and Weissman, D. H. (2020). Task sets serve as boundaries for the congruency sequence effect. J. Exp. Psychol. Hum. Percept. Perform. 46, 798–812. doi: 10.1037/xhp0000750 

 Grant, L. D., and Weissman, D. H. (2017). An attentional mechanism for minimizing cross-modal distraction. Acta Psychol. 174, 9–16. doi: 10.1016/j.actpsy.2017.01.003 

 Grant, L. D., and Weissman, D. H. (2019). Turning distractors into targets increases the congruency sequence effect. Acta Psychol. 192, 31–41. doi: 10.1016/j.actpsy.2018.10.010 

 Grant, L. D., and Weissman, D. H. (2023). The binary structure of event files generalizes to abstract features: a nonhierarchical explanation of task set boundaries for the congruency sequence effect. J. Exp. Psychol. Learn. Mem. Cogn. 49, 1033–1050. doi: 10.1037/xlm0001148 

 Gratton, G., Coles, M. G., and Donchin, E. (1992). Optimizing the use of information: strategic control of activation of responses. J. Exp. Psychol. Gen. 121, 480–506. doi: 10.1037/0096-3445.121.4.480

 Hazeltine, E., Lightman, E., Schwarb, H., and Schumacher, E. H. (2011). The boundaries of sequential modulations: evidence for set-level control. J. Exp. Psychol. Hum. Percept. Perform. 37, 1898–1914. doi: 10.1037/a0024662 

 He, Y., Peng, X., Sun, J., Tang, X., Wang, A., and Zhang, M. (2023). The auditory stimulus reduced the visual inhibition of return: Evidence from psychophysiological interaction analysis. Hum. Brain Mapp. 44, 4152–4164. doi: 10.1002/hbm.26336

 Hommel, B., Müsseler, J., Aschersleben, G., and Prinz, W. (2001). The theory of event coding (TEC): a framework for perception and action planning. Behav. Brain Sci. 24, 849–878. doi: 10.1017/S0140525X01000103 

 Huang, S., Li, Y., Zhang, W., Zhang, B., Liu, X., Mo, L., et al. (2015). Multisensory competition is modulated by sensory pathway interactions with Fronto-sensorimotor and default-mode network regions. J. Neurosci. 35, 9064–9077. doi: 10.1523/JNEUROSCI.3760-14.2015 

 Huber-Huber, C., and Ansorge, U. (2017). The role of RT carry-over for congruence sequence effects in masked priming. J. Exp. Psychol. Learn. Mem. Cogn. 43, 757–780. doi: 10.1037/xlm0000331 

 Huffman, G., Hilchey, M. D., Weidler, B. J., Mills, M., and Pratt, J. (2020). Does feature-based attention play a role in the episodic retrieval of event files? J. Exp. Psychol. Hum. Percept. Perform. 46, 241–251. doi: 10.1037/xhp0000709 

 Jost, K., Wendt, M., Luna-Rodriguez, A., and Jacobsen, T. (2022). Electrophysiological correlates of proportion congruency manipulation in a temporal flanker task. Psychophysiology 59:e14092. doi: 10.1111/psyp.14092 

 Kandalowski, S. R. M., Seibold, J. C., Schuch, S., and Koch, I. (2020). Examining binding effects on task switch costs and response-repetition effects: variations of the cue modality and stimulus modality in task switching. Atten. Percept. Psychophys. 82, 1632–1643. doi: 10.3758/s13414-019-01931-0 

 Kelber, P., Mackenzie, I. G., and Mittelstädt, V. (2023). Cognitive control in cross-modal contexts: abstract feature transitions of task-related but not task-unrelated stimuli modulate the congruency sequence effect. J. Exp. Psychol. Learn. Mem. Cogn. 50, 902–919. doi: 10.1037/xlm0001300 

 Kelber, P., Mackenzie, I. G., and Mittelstädt, V. (2024). Transfer of cognitive control adjustments within and between speakers. Q. J. Exp. Psychol. 1:471. doi: 10.1177/17470218241249471 

 Kim, S., and Cho, Y. S. (2014). Congruency sequence effect without feature integration and contingency learning. Acta Psychol. 149, 60–68. doi: 10.1016/j.actpsy.2014.03.004 

 Klatt, L.-I., Begau, A., Schneider, D., Wascher, E., and Getzmann, S. (2023). Cross-modal interactions at the audiovisual cocktail-party revealed by behavior, ERPs, and neural oscillations. NeuroImage 271:120022. doi: 10.1016/j.neuroimage.2023.120022 

 Koob, V., Mackenzie, I., Ulrich, R., Leuthold, H., and Janczyk, M. (2023). The role of task-relevant and task-irrelevant information in congruency sequence effects: applying the diffusion model for conflict tasks. Cognit. Psychol. 140:101528. doi: 10.1016/j.cogpsych.2022.101528 

 Kreutzfeldt, M., Stephan, D. N., Willmes, K., and Koch, I. (2016). Shifts in target modality cause attentional reset: evidence from sequential modulation of crossmodal congruency effects. Psychon. Bull. Rev. 23, 1466–1473. doi: 10.3758/s13423-016-1001-1 

 Lee, Y. S., and Cho, Y. S. (2023). The congruency sequence effect of the Simon task in a cross-modality context. J. Exp. Psychol. Hum. Percept. Perform. 49, 1221–1235. doi: 10.1037/xhp0001145

 Lee, N., and Cho, Y. S. (2024). Investigating the nature of spatial codes for different modes of Simon tasks: evidence from congruency sequence effects and delta functions. J. Exp. Psychol. Hum. Percept. Perform. 50, 819–841. doi: 10.1037/xhp0001220 

 Li, J., Hong, B., Nolte, G., Engel, A. K., and Zhang, D. (2023). EEG-based speaker–listener neural coupling reflects speech-selective attentional mechanisms beyond the speech stimulus. Cereb. Cortex 33, 11080–11091. doi: 10.1093/cercor/bhad347 

 Li, B., Li, X., Liu, X., Lages, M., and Stoet, G. (2019). Target-response associations can produce response-congruency effects without task-switching costs. Front. Psychol. 10:40. doi: 10.3389/fpsyg.2019.00040 

 Li, N., Wang, Y., Jing, F., Zha, R., Wei, Z., Yang, L., et al. (2021). A role of the lateral prefrontal cortex in the congruency sequence effect revealed by transcranial direct current stimulation. Psychophysiology 58:e13784. doi: 10.1111/psyp.13784 

 Lim, C. E., and Cho, Y. S. (2018). Determining the scope of control underlying the congruency sequence effect: roles of stimulus-response mapping and response mode. Acta Psychol. 190, 267–276. doi: 10.1016/j.actpsy.2018.08.012

 Lim, C. E., and Cho, Y. S. (2021). Response mode modulates the congruency sequence effect in spatial conflict tasks: evidence from aimed-movement responses. Psychol. Res. 85, 2047–2068. doi: 10.1007/s00426-020-01376-3 

 Love, J., Selker, R., Marsman, M., Jamil, T., Dropmann, D., Verhagen, J., et al. (2019). JASP: graphical statistical software for common statistical designs. J. Stat. Softw. 88, 1–17. doi: 10.18637/jss.v088.i02

 Mackenzie, I. G., Mittelstädt, V., Ulrich, R., and Leuthold, H. (2022). The role of temporal order of relevant and irrelevant dimensions within conflict tasks. J. Exp. Psychol. Hum. Percept. Perform. 48, 1099–1115. doi: 10.1037/xhp0001032 

 Mayer, A. R., Ryman, S. G., Hanlon, F. M., Dodd, A. B., and Ling, J. M. (2016). Look hear! The prefrontal cortex is stratified by modality of sensory input during multisensory cognitive control. Cereb. Cortex 27, bhw131–bh2840. doi: 10.1093/cercor/bhw131 

 Mercier, M. R., Molholm, S., Fiebelkorn, I. C., Butler, J. S., Schwartz, T. H., and Foxe, J. J. (2015). Neuro-oscillatory phase alignment drives speeded multisensory response times: an electro-corticographic investigation. J. Neurosci. 35, 8546–8557. doi: 10.1523/JNEUROSCI.4527-14.2015 

 Moretti, L., Koch, I., and Schuch, S. (2023). Local and global control adjustments to stimulus-based task conflict in task switching. Q. J. Exp. Psychol. 1:442. doi: 10.1177/17470218231200442 

 Nieuwenhuis, S., Stins, J. F., Posthuma, D., Polderman, T. J. C., Boomsma, D. I., and De Geus, E. J. (2006). Accounting for sequential trial effects in the flanker task: conflict adaptation or associative priming? Mem. Cogn. 34, 1260–1272. doi: 10.3758/BF03193270

 Nolden, S., and Koch, I. (2023). Preparing auditory task switching in a task with overlapping and non-overlapping response sets. Psychol. Res. 87, 2228–2237. doi: 10.1007/s00426-023-01796-x 

 Polk, T. A., Drake, R. M., Jonides, J. J., Smith, M. R., and Smith, E. E. (2008). Attention enhances the neural processing of relevant features and suppresses the processing of irrelevant features in humans: a functional magnetic resonance imaging study of the Stroop task. J. Neurosci. 28, 13786–13792. doi: 10.1523/JNEUROSCI.1026-08.2008 

 Rey-Mermet, A., Gade, M., and Steinhauser, M. (2019). Sequential conflict resolution under multiple concurrent conflicts: an ERP study. NeuroImage 188, 411–418. doi: 10.1016/j.neuroimage.2018.12.031 

 Rogers, R. D., and Monsell, S. (1995). Costs of a predictible switch between simple cognitive tasks. J. Exp. Psychol. Gen. 124, 207–231. doi: 10.1037/0096-3445.124.2.207

 Schiltenwolf, M., Kiesel, A., and Dignath, D. (2023). No temporal decay of cognitive control in the congruency sequence effect. J. Exp. Psychol. Learn. Mem. Cogn. 49, 1247–1263. doi: 10.1037/xlm0001159

 Schlaghecken, F., and Maylor, E. A. (2020). When awareness gets in the way: reactivation aversion effects resolve the generality/specificity paradox in sensorimotor interference tasks. J. Exp. Psychol. Gen. 149, 2020–2045. doi: 10.1037/xge0000755 

 Schneider, D. W., and Logan, G. D. (2006). Hierarchical control of cognitive processes: switching tasks in sequences. J. Exp. Psychol. Gen. 135, 623–640. doi: 10.1037/0096-3445.135.4.623 

 Shaw, L. H., Freedman, E. G., Crosse, M. J., Nicholas, E., Chen, A. M., Braiman, M. S., et al. (2020). Operating in a multisensory context: assessing the interplay between multisensory reaction time facilitation and inter-sensory task-switching effects. Neuroscience 436, 122–135. doi: 10.1016/j.neuroscience.2020.04.013

 Shichel, I., and Goldfarb, L. (2022). The effect of proportion manipulation on the size-congruency and distance effects in the numerical Stroop task. Mem. Cogn. 50, 1578–1589. doi: 10.3758/s13421-022-01292-4 

 Sicard, V., Stephenson, D. D., Dodd, A. B., Pabbathi Reddy, S., Robertson-Benta, C. R., Ryman, S. G., et al. (2021). Is the prefrontal cortex organized by supramodal or modality-specific sensory demands during adolescence? Dev. Cogn. Neurosci. 51:101006. doi: 10.1016/j.dcn.2021.101006 

 Siqi-Liu, A., and Egner, T. (2023). Task sets define boundaries of learned cognitive flexibility in list-wide proportion switch manipulations. J. Exp. Psychol. Hum. Percept. Perform. 49, 1111–1122. doi: 10.1037/xhp0001138 

 Spagna, A., Wu, T., Kim, K., and Fan, J. (2020). Supramodal executive control of attention: evidence from unimodal and crossmodal dual conflict effects. Cortex 133, 266–276. doi: 10.1016/j.cortex.2020.09.018 

 Spapé, M. M., and Hommel, B. (2008). He said, she said: episodic retrieval induces conflict adaptation in an auditory Stroop task. Psychon. Bull. Rev. 15, 1117–1121. doi: 10.3758/PBR.15.6.1117 

 Spence, C., and Ho, C. (2015). Multisensory information processing. In: D. A. Boehm-Davis and F. T. Durso, Lee, J. D. APA handbook of human systems integration. Washington DC: American Psychological Association, pp. 435–448.

 Thorne, J. D., De Vos, M., Viola, F. C., and Debener, S. (2011). Cross-modal phase reset predicts auditory task performance in humans. J. Neurosci. 31, 3853–3861. doi: 10.1523/JNEUROSCI.6176-10.2011 

 Tomat, M., Wendt, M., Luna-Rodriguez, A., Sprengel, M., and Jacobsen, T. (2020). Target–distractor congruency: sequential effects in a temporal flanker task. Psychol. Res. 84, 292–301. doi: 10.1007/s00426-018-1061-0 

 Ulrich, R., Prislan, L., and Miller, J. (2021). A bimodal extension of the Eriksen flanker task. Atten. Percept. Psychophys. 83, 790–799. doi: 10.3758/s13414-020-02150-8

 Verbruggen, F., Notebaert, W., Liefooghe, B., and Vandierendonck, A. (2006). Stimulus- and response-conflict-induced cognitive control in the flanker task. Psychon. Bull. Rev. 13, 328–333. doi: 10.3758/BF03193852 

 Wang, L., Yue, Z., and Chen, Q. (2012). Cross-modal nonspatial repetition inhibition. Atten. Percept. Psychophys. 74, 867–878. doi: 10.3758/s13414-012-0289-9 

 Weissman, D. H. (2020). Interacting congruency effects in the hybrid Stroop–Simon task prevent conclusions regarding the domain specificity or generality of the congruency sequence effect. J. Exp. Psychol. Learn. Mem. Cogn. 46, 945–967. doi: 10.1037/xlm0000769

 Weissman, D. H., Hawks, Z. W., and Egner, T. (2016). Different levels of learning interact to shape the congruency sequence effect. J. Exp. Psychol. Learn. Mem. Cogn. 42, 566–583. doi: 10.1037/xlm0000182 

 Wesslein, A.-K., Moeller, B., Frings, C., and Giesen, C. (2019). Separating after-effects of target and distractor processing in the tactile sensory modality. Atten. Percept. Psychophys. 81, 809–822. doi: 10.3758/s13414-018-01655-7

 Wu, T., Spagna, A., Mackie, M.-A., and Fan, J. (2023). Resource sharing in cognitive control: behavioral evidence and neural substrates. NeuroImage 273:120084. doi: 10.1016/j.neuroimage.2023.120084 

 Xia, J., Zhang, W., Jiang, Y., Li, Y., and Chen, Q. (2018). Neural practice effect during cross-modal selective attention: supra-modal and modality-specific effects. Cortex 106, 47–64. doi: 10.1016/j.cortex.2018.05.003 

 Yang, G., Nan, W., Zheng, Y., Wu, H., Li, Q., and Liu, X. (2017). Distinct cognitive control mechanisms as revealed by modality-specific conflict adaptation effects. J. Exp. Psychol. Hum. Percept. Perform. 43, 807–818. doi: 10.1037/xhp0000351 

 Yang, G., Xu, H., Li, Z., Nan, W., Wu, H., Li, Q., et al. (2021). The congruency sequence effect is modulated by the similarity of conflicts. J. Exp. Psychol. Learn. Mem. Cogn. 47, 1705–1719. doi: 10.1037/xlm0001054 

 Yu, W., Sun, W., and Ding, N. (2022). Asymmetrical cross-modal influence on neural encoding of auditory and visual features in natural scenes. NeuroImage 255:119182. doi: 10.1016/j.neuroimage.2022.119182 

 Yuval-Greenberg, S., and Deouell, L. Y. (2009). The dog’s meow: asymmetrical interaction in cross-modal object recognition. Exp. Brain Res. 193, 603–614. doi: 10.1007/s00221-008-1664-6


Copyright
 © 2024 Tang, Zhang, Wang, Yu, Wang and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpsyg-15-1504068-e035.jpg
"y





OPS/images/fpsyg-15-1504068-e034.jpg
"y





OPS/images/fpsyg-15-1504068-e037.jpg
"y





OPS/images/fpsyg-15-1504068-e036.jpg
"y





OPS/images/fpsyg-15-1504068-e031.jpg
"y





OPS/images/fpsyg-15-1504068-e030.jpg
"y





OPS/images/fpsyg-15-1504068-e033.jpg
"y





OPS/images/fpsyg-15-1504068-e032.jpg
"y





OPS/images/cover.jpg
, frontiers ‘ Frontiers in Psychology

Visual dominance of the
congruency sequence effectin a
cross-modal context








OPS/images/fpsyg-15-1504068-e028.jpg
"y






OPS/images/fpsyg-15-1504068-e027.jpg
"y







OPS/images/fpsyg-15-1504068-e029.jpg
"y







OPS/images/logo.jpg
, frontiers Frontiers in Psychology






OPS/images/fpsyg-15-1504068-e024.jpg
"y





OPS/images/fpsyg-15-1504068-e023.jpg
"y





OPS/images/fpsyg-15-1504068-e026.jpg
"y





OPS/images/fpsyg-15-1504068-e025.jpg
"y





OPS/images/fpsyg-15-1504068-e020.jpg
"y





OPS/images/fpsyg-15-1504068-e022.jpg
"y





OPS/images/fpsyg-15-1504068-e021.jpg
"y





OPS/images/fpsyg-15-1504068-e017.jpg
"y





OPS/images/fpsyg-15-1504068-e016.jpg
"y





OPS/images/fpsyg-15-1504068-e019.jpg
"y





OPS/images/fpsyg-15-1504068-e018.jpg
"y





OPS/images/fpsyg-15-1504068-e013.jpg
"y





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Visual dominance of the congruency sequence effect in a cross-modal context



		1 Introduction



		2 Experiment 1



		2.1 Method



		2.1.1 Participants



		2.1.2 Stimuli, tasks and responses



		2.1.3 Design



		2.1.4 Data analysis









		2.2 Results



		2.2.1 Reaction times



		2.2.2 Error rates









		2.3 Discussion









		3 Experiment 2



		3.1 Method



		3.1.1 Participants



		3.1.2 Stimuli, tasks and responses



		3.1.3 Design



		3.1.4 Data analysis









		3.2 Results



		3.2.1 Reaction time



		3.2.2 Error rates









		3.3 Discussion









		4 General discussion



		4.1 Episodic retrieval view of the CSE



		4.2 The asymmetry of cognitive control









		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		References



















OPS/images/fpsyg-15-1504068-e012.jpg
"y





OPS/images/fpsyg-15-1504068-e015.jpg
"y





OPS/images/fpsyg-15-1504068-e014.jpg
"y





OPS/images/fpsyg-15-1504068-e011.jpg
"y





OPS/images/fpsyg-15-1504068-e010.jpg
"y





OPS/images/crossmark.jpg
©

2

i

|





OPS/images/fpsyg-15-1504068-e005.jpg
"y





OPS/images/fpsyg-15-1504068-e006.jpg
"y





OPS/images/fpsyg-15-1504068-e003.jpg
"y





OPS/images/fpsyg-15-1504068-e040.jpg
"y





OPS/images/fpsyg-15-1504068-e004.jpg
"y





OPS/images/fpsyg-15-1504068-e009.jpg
"y





OPS/images/fpsyg-15-1504068-e007.jpg
"y





OPS/images/fpsyg-15-1504068-e008.jpg
"y





OPS/images/fpsyg-15-1504068-t001.jpg
Experiment(s) Transition type Modality transition (ESH

Within Between Repeat Switch Switch
Kelber etal. (2023), Exp. 1 Prime-probe task Yes Prime and Probe = AA-AA/VV-VV. Prime and Probe = AV-AV/AV-VA/VA-AV/VA-VA Yes No
Grant etal. (2020), Exp. 1 Prime-probe task. Yes Prime and Probe = AA-AA/VV-VV Prime and probe = VV-AA/AA-VV. Yes No
Stimulus response
Yang etal. (2017), Exp. 1A,1B Yes Location task = AA/VV Location task = AV/VA Yes No
compatibilty task
Location judgment Location task and
Kreutzfeldt et al. 2016) Yes Location task and Numerical task = AA/VV Yes No
and Numerical judgment Numerical task = AV/VA
Hazeltine etal. (2011), Exp. 1 Temporal flanker task Yes Flanker and Target = VV/AA Flanker and Target = VV-AA/AA-VV. Yes No
Stroop task and
Lee and Cho (2023) Stroop-Simon Yes Stroop task and Simon task = AA/VV; Yes Yes

Simon task = VA/AV
Grant and Weissman (2019), Exp. 1 | Prime-probe task Yes Prime and Probe = AA-AA/VV-VV. Prime and probe = VV-AA/AA-VV. Yes Yes

Prime and Probe = AV-AV/AV-VA/VA-AV/VA-VA;
e-probe task Yes Yes Prime and Probe = AA-AA/VV-VV. Yes Yes

Grant etal. (2020), Exp. 2
Prime and probe = VV-AA/AA-VV.

A, auditory; V, visual.





OPS/images/fpsyg-15-1504068-g004.jpg
2

200 = Prev cong
= Prev incong
i ax
—
E 200 ) :
= .
[:4
c
“
2 100 2 e R
3 ¢
£ . "
s : L > F
> 3 :
g o ; 2
H
2
2
5 -100
5]
-200 ;
Visual Auditory

Target Modality

C)

40%

= Prev cong
Prev incong

S
& =
< 20%-] :
° .
3
5 :
2 8
g o% a B o .
i i
S, - .
o
g A
o
-20% :
Visual Auditory

Target Modality





OPS/images/fpsyg-15-1504068-t003.jpg
Probe modality (ms) Probe modality (%)

Visual Auditory Visual Auditory
Congruent Congruent (<C) 645139 775117 60£52 63457
Incongruent (cI) 673+ 160 874£112 55456 98483
Incongruent Congruent (iC) 648+ 141 817£123 51£57 70466
Incongruent (il) 670138 873106 74£69 70461

R, Reaction time; ER, Error Rate; cC, congruent trial following a congruent trial; cl, congruent trial following an incongruent trial; iC, incongruent tial following a congruent trials if,
incongruent trial following an incongruent trial






OPS/images/fpsyg-15-1504068-t002.jpg
N congruency Modality transition(ms) Modality transition (%)

Probemodality N-1congruency N congruency Repeat Switch Repeat Switch
Visual Congruent Congruent (cC) 667+ 111 657+ 111 37444 4136
Incongruent (cl) 748+ 104 753100 78461 83£78

Incongruent Congruent (iC) 670+ 101 6604109 35:35 35544

Incongruent (i) 722597 746:+99 61£58 85578

Auditory Congruent Congruent (cC) 6504122 662113 37447 45£39
Incongruent (cl) 806+ 129 790+ 114 1294101 123496

Incongruent Congruent (iC) 688+ 110 676+ 98 5747 45580

Incongruent (il) 763+ 106 808120 81£70 123489

R, response time; ER, error rate; Repeat, the modality relationship between the previous trial and the current trial is congruent; Switch, the modality relationship between the previous trial
and the current trial is changed; RT, response time; ER, error rate; cC, congruent trial following another congeuent trial; cl, congruent trial following an incongruent trial iC, incongruent trial
following a congruent trial; i, incongruent trial following another incongruent tril.






OPS/images/fpsyg-15-1504068-e001.jpg
Mp





OPS/images/fpsyg-15-1504068-g001.jpg
Modality Repeat

Modality Switch

Trail N-1 Trail N

congruent(c) congruent(C)
=
congruent(c) incongruent(l)

&
&l =

incongruent(i) congruent(C)
-
uangl + + Nan/ F &R
incongruent(i) incongruent(l)
Fixtion Prime  Fixtion  Probe Response  ITI Fixtion Prime Fixtion  Probe Response
500 300 50 300 1500 1600-1700 500 300 50 300 1500

Time(ms)





OPS/images/fpsyg-15-1504068-e002.jpg





OPS/images/fpsyg-15-1504068-e041.jpg
"y





OPS/images/fpsyg-15-1504068-g003.jpg
Trail N-1 Trail N
N congruent(c) congruent(C)

(0

£

£ "

& ) )

g congruent(c) incongruent(I)
7]

e [huang/ [huang/

>

~ incongruent(i) congruent(C)
Ihong/ /hong/
Q
S . .
= @ @
ﬂé \ W
‘2 incongruent(i) incongruent(I)
el
=)
<
_

Fixtion Probe Response Fixtion Probe Response
500 300 1500 500 300 1500

>
Time(ms)





OPS/images/fpsyg-15-1504068-g002.jpg
E

Congruency effect on RT (ms)

600

500

400

300

200

100

-100

= Prev cong

El

60%

= Prev cong

Prev incong Prev incong
- =
) o 40% "
i F o
2 .
g
£ 20%
S
3 > ,
A ) Al &
s H 9 N
S c 8 N
5 % 3 4.
£ A
1 S
o
-20% - 7 = -
Visual Auditory Visual Auditory Visual Auditory Visual Auditory
Repeat Switch Repeat Switch

Modality Transition

Modality Transition





OPS/images/fpsyg-15-1504068-e039.jpg
"y





OPS/images/fpsyg-15-1504068-e038.jpg
"y





