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Abstract 

Cognitive control abilities include maintaining goal-directed behaviors in spite of the 

incongruence between habitual and desired responses. In interference paradigms, slower 

responses to incongruent compared to congruent trials are observed; this interference is 

reduced after incongruent trials (Congruence Sequential Effect; CSE), suggesting that the 

control exerted to counteract interference in the previous trial also propagates into the 

following trial. Moreover, a larger CSE is observed when trial features are repeated. Binding-

retrieval accounts suggest that trial features that occur in the same time frame are bound 

together in an episodic representation; if a feature is repeated in the next trial, the control 

state that was active in the previous trial is also reactivated, resulting in a modulation of 

congruence effects. However, previous studies that used stimulus sets characterized by 

intra-category variability (e.g., faces; scenes) observed CSE modulation by the repetition of 

response categories, but were inconclusive concerning whether repeating the identity of a 

stimulus may modulate CSE. The present study investigates whether episodic stimulus 

representations include both stimulus identity and response category information, by 

comparing the impact of the repetition of novel pictures (no identity repetition) and of 

frequent pictures (in which identity is repeated over trials) in a picture-word interference task. 

Results indicated that stimulus identity was not critical in the modulation of CSE, and that 

CSE was little affected by response-stimulus interval. Altogether, the present results 

contribute to the understanding and theoretical specification of sequential effects. 
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In everyday activities, as well as in cognitive tasks, the mismatch between novel or 

weakly established behaviors and well‐learned or habitual behaviors leads to conflict that 

eventually dampens performance. One aspect of cognitive control refers to the ability to 

maintain stable and goal-directed behaviors, despite interference from mismatching 

responses (Botvinick et al., 2001; Monsell, 2003; Egner & Hirsch, 2005; Egner, 2023).  

In a laboratory setting, tasks that measure cognitive control require participants to 

respond to task‐relevant features while ignoring task‐irrelevant features that have habitual 

response associations and can be either congruent/corresponding or incongruent/non-

corresponding with the correct response. A lack of correspondence/congruence leads to a 

decrease in performance, as in the Simon (Simon & Rudell, 1967), flanker (Eriksen, 1974), 

Stroop (Stroop, 1935), or Picture Word Interference (PWI; Rosinski, 1977) tasks (Cohen, 

2017). In the PWI task, participants name the subject of pictures while ignoring a word that 

appears together with the picture; the word can be congruent or incongruent with the subject 

of the pictures (Rosinski, 1977). Results show slower responses to the incongruent trials 

compared to the congruent ones, reflecting interference provoked by the incongruent words 

and suggesting similar interference mechanisms despite of the type of to-be-processed 

material (Van Maanen et al., 2009).  

Behavioral interference can be reduced when the preceding trial is incongruent, 

compared with congruent (Congruence Sequential Effect, CSE; Gratton et al., 1992). 

Concerning the cognitive processes implied in the CSE, recent models emphasize the role of 

learning (Egner, 2014; Abrahamse et al., 2016; Dignath et al., 2019; Frings et al., 2020). 

According to these models, trial characteristics that occur in the same time frame (e.g., in the 

same trial) are bound together in a short-term episodic representation that can be retrieved 

in the next trial occurrence. Trial characteristics that can be bound in the episodic 

representation (event files, Hommel et al., 2004; see also object files in Kahneman, 

Treisman, & Gibbs, 1992) are perceptual (e.g., Dignath & Kiesel, 2021; Dignath et al., 2019; 

Grant et al., 2020; De Cesarei et al., 2023; Logan and Zbrodoff, 1979; but see also Kelber et 

al., 2024, for the binding of more abstract stimulus properties), motor (e.g., Braem, Verguts, 
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Notebaert, 2011; De Cesarei et al., 2023), and/or related to the activation of control states, 

such as the attentional and processing strategies that have been previously employed 

(Egner, 2014). Trial-specific event files (Egner, 2014; Hommel et al., 2004; Frings et al., 

2020) can then be retrieved when a feature is repeated, resulting in a reactivation of the 

preceding control state and in a more pronounced CSE compared to trials in which no 

control state is reactivated (repetition vs. change trials; Dignath et al., 2019). In a recent 

study (Dignath and Kiesel, 2021), a larger CSE was observed in context repetitions 

compared to context changes; the contextual feature was the spatial location of the stimulus, 

which could be at the top or bottom of the monitor. 

Previous studies have investigated which stimulus features may modulate CSE if 

repeated. A stronger CSE was also observed when the format of the target and distractor 

was repeated from one trial to another, rather than when it was changed (Dignath et al., 

2019, Exp. 1: arabic number vs. spelled-out number word for the first experiment; Exp. 2: 

color patch vs. spelled-out color word for the second experiment). In other studies, the CSE 

was larger when stimulus modalities (visual or auditory) were repeated compared to when 

they alternated, provided that they were linked to task set (Grant et al., 2020, 2022), and 

when the gender of a task-irrelevant voice was repeated across trials, compared with when it 

changed (Spapé & Hommel, 2008). Overall, these results indicate that high-level stimulus 

features (i.e., features that are shared with sibling stimuli) are represented in episodic 

memories, which eventually modulate sequential effects. However, it is less clear whether 

such episodic memories also represent stimulus-specific features, such as its identity. 

Recently, De Cesarei et al. (2023) investigated CSE in a task requiring the categorization of 

natural pictures, and observed a larger CSE when the identity of frequent natural pictures 

was repeated in two successive trials, compared to when it changed. These results may 

suggest that the identity of a specific picture can be stored in an episodic representation. 

However, in this previous study, a change in frequent picture identity also implied a change 

in picture category, therefore not allowing the issue of whether the episodic representations 

involve superordinate category stimulus, or specific picture identity, to be disentangled.  
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Here, we will examine whether stored stimulus representations only include features 

that are relevant to the task that participants are performing, but that may be shared with 

other stimuli (e.g., the number of elements; the location; the superordinate category), or also 

details that are unique to the stimulus that has been shown, such as its identity. To this end, 

participants will be engaged in a picture-word interference (PWI) task in which they will 

categorize natural scenes; in order to generalize results to different categorization tasks, 

participants will be asked to respond to the superordinate category of the foreground object, 

to the number of foreground elements, or the location of the scene. Each picture will be 

presented along with a verbal label that can refer either to the same or to the other response 

category (e.g., an animal picture with the “animal” label is a congruent trial; an indoor picture 

with the “outdoor” label is an incongruent trial; etc.). In one group of participants, all images 

from each stimulus category will be the same (e.g., one animal and one vehicle), so that a 

response repetition from one trial to another will imply the repetition of the same image 

(identity repetition); in another group of participants, all images will be different, so that the 

response repetition will only imply the repetition of the same response category (e.g., one 

animal followed by another animal). If stimulus representation in episodic memory involves 

the binding and retrieval of specific picture identity, then we expect to find a larger CSE in 

repetition trials in the group with the same, compared to different, stimuli. If, on the other 

hand, the episodic representations only involve the response category, then we expect to 

observe no differences in the modulation of the CSE by repetition between the two groups.  

An additional question concerns whether the CSE reflects a sudden and short-lived 

reactive mechanism, or whether it takes time to activate and lasts in time, reflecting a 

proactive control system that remains active in preparation for the next trial. For this reason, 

previous studies investigated the temporal properties (onset and duration) of CSE. A 

significant CSE in conditions with a response-stimulus interval (RSI) from 500 up to 2000 ms 

was observed in Stroop and PWI paradigms (Egner et al., 2010; Duthoo et al., 2014; 

Schiltenwolf et al., 2022), while no significant CSE was observed after a 2250 ms RSI 

(Egner et al., 2010; Duthoo et al., 2014, Exp. 1). Based on these results, it was suggested 
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(Egner et al., 2010) that CSE reflects short-lived and phasic enhancements of the attention 

in reaction to the conflict. Similarly, Hommel & Frings (2020) described the decline over time 

of event file representations, which are thought to be responsible for CSE (Egner, 2014; 

Abrahamse et al., 2016; Dignath et al., 2019; Frings et al., 2020). However, Duthoo et al. 

(2014) modulated the RSI, creating a bias that meant that slower, compared to faster, RSIs 

had a greater probability of occurring; it was observed that, with such RSI biasing, CSE was 

also observed at longer time intervals. Also, Schiltenwolf and colleagues (2022) showed that 

when S-R repetitions were eliminated a stable CSE was observed up to 5000 ms. Taking 

these results together, CSE may reflect a combination of both reactive and proactive 

processes: it may reflect the transient-reactive control at faster intervals, and the proactive 

control may occur slowly at slower intervals. Finally, it has been suggested that it could take 

time for cognitive control in response to relevant events (e.g., errors, mismatch, conflict, 

emotional cues) to be activated, and for the stages of triggering inhibitory control of ongoing 

activities, orienting to the source of the expectancy violation, and reconfiguring the task 

setting to be set up (Wessel, 2018). Here, we will examine the time course (onset and 

duration) of CSE, presenting the response-stimulus intervals varying from 750 to 5000 ms. If 

CSE occurs in fast RSI only (Egner et al., 2010; Duthoo et al., 2014, Exp. 1), it could reflect 

reactive-transitory processes that vanish with time (Egner et al., 2010; Hommel, 2022). If 

CSE occurs in all RSIs (Duthoo et al., 2014, Exp. 2), it may reflect proactive mechanisms 

that persist over time in anticipation of the imminent stimulus (Botvinick et al., 2001). In the 

latter scenario, If CSE occurs in slow RSI, it may reflect cognitive control that takes time to 

be activated after relevant stimuli (Wessel, 2018).  

 

Method 

Participants 

A total of 82 participants (53 females, age M = 23.49, SD = 4.03), who were fluent 

Italian-speaking participants with normal or corrected vision, took part in the experiment. A 

power analysis was conducted using R (package pwrss; Bulus, 2023) to determine the 
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required sample size based on the four-way interaction of interest (Current Congruency × 

Previous Congruency × Response Repetition × Picture Frequency), a desired η2
p = 0.1 

(medium-large effect according to Cohen, 1988; see also Dignath et al. 2019, Grant et al., 

2022 and Kelber et al., 2024 for similar partial eta squared values), 80% power, and a low 

correlation (r = 0.24) between differential repeated measures (Incongruent-Congruent 

differentials, calculated on an independent data sample). The power analysis indicated that 

the required sample size to observe this interaction effect would be 46 participants. Out of 

the 82 recruited participants, a total of 40 participants were randomly assigned to the Novel 

Picture condition while 42 were part of the Frequent Picture condition. Data were analyzed 

from 80 participants as two participants (both in the Frequent Picture condition) failed to 

comply with response instructions (one misunderstood the assignment of response keys, 

and another one disclosed a neurodevelopmental condition, which was an exclusion 

criterion, after the completion of the experiment). The experimental protocol conformed to 

the declaration of Helsinki and was approved by the Ethical Committee of the University of 

Bologna.  

 

Stimuli 

The experimental stimuli comprised 576 different pictures. The picture database was 

created along three orthogonal dimensions: content (animal or vehicle), number of 

foreground elements (one or two), and scenario (indoors or outdoors). Hence, each picture 

portrayed one or two foreground elements (animal or vehicle) in an indoor or outdoor 

scenario, for a total of eight possible combinations, with equal probability. Pictures were in 

color and were balanced for brightness and contrast, pixel intensity M = 153 and SD = 5.05 

on a 0-255 scale. Each full-screen picture was resized to a 1280 x 1024 pixel monitor 

subtending 20°30’ horizontal x 16°20’ vertical degrees of visual angle. The distance between 

the monitor and the participant was 94 cm. Each picture was shown together with a word 

that was congruent (50%) or incongruent (50%) with the content of the picture (e.g., a picture 

that represents a dog with the word “vehicle” is an incongruent trial, while the same picture 
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with the word “animal” is a congruent one). The words were printed in Italian, and they were: 

“veicolo” (“vehicle”), “animale” (“animal”), “uno” (“one”), “due” (“two”), “interno” (“indoors”), 

and “esterno” (“outdoors”). The white words in Courier New 70 font were displayed at the 

center of the monitor, surrounded by a black rectangle (15°8’ horizontal x 2°33’ vertical 

degrees of visual angle). 

 

Procedure 

After filling out the informed consent form, the participant was accompanied to the 

experimental room. The room illumination was 3 lux, measured using a diode-type digital 

luxmeter. The task was divided into 3 blocks of 192 trials; the order of the blocks was 

counterbalanced across participants. Each block involved a different task: superordinate 

categorization of the content of elements in the forefront (animal or vehicle), enumeration of 

the number of elements (one or two), or categorization of the scenario the pictures depicted 

(outdoors or indoors). The participant responded to the picture by ignoring the word and 

giving equal importance to speed and accuracy, pressing one of two keys (J or N) on the 

computer keyboard with two fingers of the dominant hand. The block order, as well as the 

response key, was counterbalanced across participants. The experiment lasted 

approximately 30 min. 

Prior to each experimental block, 8 practice trials, which involved different images 

from those used in the experimental blocks, were presented in order to let participants 

familiarize themselves with the task. After each block, the participant was allowed to have a 

short break. 

Each trial started with a picture which was presented for 500 ms or until the 

participant’s response was given. If the participant did not respond while viewing the image, 

a central fixation cross appeared until they responded. After an RSI ranging from 750 to 

5000 ms, the next trial started; an example is reported in Figure 1. The different RSI levels 

(750, 1000, 1500, 2000, 3000, 5000 ms) were evenly distributed and randomized across 

trials. Stimuli were presented in pseudo-random sequences that had the following specific 
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constraints: not more than 5 consecutive trials with the same or alternate responses, not 

more than 5 consecutive trials with the same or alternate congruence conditions, and not 

more than 5 consecutive trials with the same or alternate RSI levels. Out of the 576 stimuli, 

half were congruent (C) and half incongruent (I). Considering the congruence level of the 

previous trial, each of the four possible sequences (PreC-C, PreC-I, PreI-C, PreI-I) was 

presented with equal probability (48 trials for each congruence condition, in each task block). 

Moreover, each of these four combinations was equally paired with each of the RSIs 

resulting in 8 trials for each condition, in each task block. The experiment was run using E-

Prime 2.0 Professional.  

 

Groups 

The Picture Word Interference (PWI) task was administered to two groups of 

participants, which only differed in terms of the pictures used in the task. One group 

(hereafter, “Novel Picture” condition) viewed each picture of the whole 576 picture dataset, 

and each picture was seen only once and never repeated. The other group (hereafter, 

“Frequent Picture” condition) viewed 6 pictures which were selected from the original 576 

dataset. Across participants, these 6 pictures were assigned to each different task, i.e.,  

superordinate categorization (animal vs. vehicle), environment categorization (indoor vs. 

outdoor), enumeration (one vs. two foreground elements). Participants were randomly 

assigned to experimental groups.  

 

Figure 1  

Trial procedure  
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Response Time Analysis 

Since response times were not normally distributed, we transformed the reaction 

times (RTs) using a base-10 logarithm (Whelan, 2010) Practice trials, trials which followed 

an error or in which an inaccurate response was given, the first trial of each block, and trials 

with RTs more than 2.5 standard deviations (SD) away from the transformed RT mean were 

excluded from the RT analyses. Hence, 91% of the total trials was included in the analyses. 

A Block factor with 3 levels (Content, Numeric, Scenario) was collapsed since the interaction 

with the Current and Previous Congruence was not significant. Log-transformed RT data 

were averaged and analyzed with a repeated-measures ANOVA, with the factor Picture 

Frequency as the between-subjects factor (2 levels: Novel, Frequent) and with the following 

within-subject factors: RSI (3 levels: Fast [750-1000ms], Medium [1500-2000ms], Slow 

[3000-5000ms]), Repetition (2 levels: Repeated response, Changed response), Previous 

Congruence (2 levels: Congruent [PreC], Incongruent [PreI]) and Current Congruence (2 

levels: Congruent [C], Incongruent [I]). Huynh–Feldt correction was used when appropriate. 

The same pattern of results was also observed both when analyzing raw RTs and reciprocal-

corrected RTs (Moscoso del Prado Martin, 2008) as an alternate way to correct for non-

normality. The partial eta squared statistic (η2
p) was calculated and reported. 

 

Accuracy Analysis 

Practice trials and the first trial of each block were excluded from the accuracy 

analyses. The same ANOVA design used for reaction times was analyzed. ANOVA results 

are reported in Table 2, while a full description of accuracy results is reported in 

Supplementary materials along with a descriptive table (S1).  

 

Data availability 

Experimental data and study materials are available at OSF at the link 

https://osf.io/w3ryb/?view_only=b90d167777394609a868fd5dbbef05bb.   

https://osf.io/w3ryb/?view_only=b90d167777394609a868fd5dbbef05bb
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Results 

Repetition and Congruence  

Response times are reported in Figures 2 and 3, and RT descriptive statistics 

are reported in Table 1. We observed a significant main effect of Current Congruence, F(1, 

78) = 97.07, p < .001, η2
p = .55, with slower responses for incongruent compared with 

congruent trials (Congruence effect; M = 685.23 ms, SD = 117.99; M = 661.96 ms, SD = 

163.48, respectively). This effect was further modulated by a significant interaction between 

Current and Previous Congruence, F(1, 78) = 13.82, p < .001, η2
p = .15 with a reduction of 

the Congruence effect when trials were preceded by incongruent (PreI condition), compared 

with congruent (PreC condition), trials. Following this interaction, slower responses were 

observed for incongruent compared with congruent trials both when they were preceded by 

congruent trials (PreC condition, F(1, 78) = 72.54, p < .001, η2
p = .48) and when they were 

preceded by incongruent trials (PreI condition, F(1, 78) = 38.07, p < .001, η2
p = .32). 

Moreover, responses to incongruent trials were slower when they were preceded by a 

congruent compared with an incongruent trial, F(1, 78) = 5.63, p = .020, η2
p = .07, while 

responses to congruent trials were slower when they were preceded by incongruent, 

compared with congruent, trials, F(1, 78) = 10.72, p = .002, η2
p =.12.  

Table 1. RTs in all experimental conditions 

   RSI       
   

Fast  

 
Medium 

 
Slow 

 
 

   
Actual 

Congruency 

     
 

   
congruent incongruent congruent incongruent congruent incongruent CSE 

Picture 

Frequency 

Response 

Repetition 

Previous 

Congruency 

M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) 

novel repetition congruent 698.09 

(129.32) 

733.22 

(145.35) 

689.28 

(124.91) 

732.96 

(142.61) 

731.82 

(141.27) 

782.43 

(176.14) 

22.66 

(59.46)   
incongruent 703.64 

(125.26) 

717.55 

(130.17) 

709.15 

(137.25) 

730.01 

(151.25) 

 760.71 

(155.15) 

783.40 

(174.75) 

 

 
change congruent 709.71 

(125.92) 

716.16 

(116.36) 

711.53 

(129.77) 

744.99 

(144.41) 

736.48 

(138.45) 

767.40 

(163.44) 

2.59 

(40.82)   
incongruent 716.69 

(137.46) 

726.25 

(123.32) 

714.69 

(129.50) 

725.55 

(128.97) 

726.29 

(128.64) 

762.37 

(155.03) 

 

frequent repetition congruent 581.08 

(168.67) 

614.35 

(212.30) 

575.32 

(157.10) 

625.76 

(216.49) 

624.15 

(185.25) 

653.09 

(192.16) 

34.072 

(62.48)   
incongruent 588.61 

(196.43) 

 584.26 

(177.09) 

610.60 

(222.22) 

607.10 

3(206.31) 

639.84 

(187.80) 

660.85 

(203.86) 

 

 
change congruent 612.63 

(175.46) 

619.02 

(191.93) 

594.21 

(173.66) 

621.09 

(205.49) 

607.65 

(171.71) 

644.79 

(200.47) 

1.15 

(46.15)   
incongruent 612.75 

(205.50) 

627.70 

(209.28) 

607.15 

(200.98) 

618.95 

(194.95)  

617.53 

(175.12) 

647.44 

(206.36) 
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Table 2. Results for repeated-measure ANOVAs for Log-transformed Reaction Times (RTs) 

and Accuracy 

      Log10(RTs)      Accuracy     

Source   df      F     p η2
p        F       p η2

p 

C   1,78  97.07 <.001 .55  32.41 <.001 .29 

C X Pic  1,78  .83 .365 .01  1.79 .184 .02 

C X Rep   1,78  2.22 .140 .03  .01 .902 .00 

C X RSI   2,156  2.93 .058 .04  1.26 .286 .02 

PreC  1,78  1.41 .239 .02  10.90 .001 .12 

PreC X C   1,78  13.82 <.001 .15  4.76 .032 .06 

PreC X Pic  1,78  .33 .566 .00  .99 .322 .01 

PreC X Rep   1,78  1.39 .243 .02  .02 .889 .00 

PreC X RSI   2,156  2.83 .062 .03  3.04 .050 .04 

Rep  1,78  4.62 .035 .06  .49 .486 .01 

Rep X Pic  1,78  1.65 .203 .02  .60 .439 .01 

Rep X RSI   2,156  31.62 <.001 .29  .33 .721 .00 

Rep X C X Pic  1,78  1.08 .303 .01  .00 .969 .00 

Rep X PreC X C   1,78  6.99 .010 .08  .45 .502 .01 

Rep X PreC X Pic   1,78  1.79 .185 .02  .11 .746 .00 

Pic  1,78  15.80 <.001 .17  4.80 .031 .06 

Pic X RSI   2,156  .17 .766 .00  1.28 .281 .02 

Pic X PreC X C  1,78  .00 .974 .00  3.64 .060  .04 

Pic X Rep X PreC X C   1,78  .58 .447 .01  2 .09 .152 .03 

RSI  2,156  45.55 <.001 .37  2.07 .130 .03 

RSI X C X Pic  2,156  .13 .875 .00  .08 .927 .00 

RSI X PreC X Pic  2,156  1.35 .262 .02  1.71 .185 .02 

RSI X Rep X C  2,156  .58 .559 .01  2.59 .078 .03 

RSI X Rep X Pic  2,156  6.55 .002 .08  3.49 .033 .04 

RSI X Rep X PreC  2,156   4.54 .012 .05  1.79 .172 .02 

RSI X Rep X C X PreC  2,156   .33 .716 .00  .44 .627 .01 

RSI X PreC X C  2,156  2.55 .081 .03  .88 .415 .01 

RSI X PreC X C X Pic  2,156  .22 .803 .00  1.18 .309 .01 

RSI X Rep X PreC X Pic  2,156  .14 .867 .00  .01 .993 .00 

RSI X Rep X C X Pic  2,156  .36 .696 .00  3.02 .052 .04 

RSI X Rep X C X PreC X Pic  2,156  1.21 .300 .01  1.62 .204 .02 
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Note. Pic=Picture Frequency; RSI= response-stimulus interval; Rep=Repetition; PreC= 

Previous Congruence; C=Current Congruence. 

 

Response repetition had a significant main effect on response times, F(1, 78) = 4.62, 

p = .035, η2
p = .06, with slower responses for changed response (M = 675.08 ms, SD = 

169.25) compared with repeated response (M = 672.08 ms, SD = 172.80). Moreover, 

response Repetition interacted significantly with Previous and Current Congruence, three-

way interaction F(1, 78) = 6.99, p = .010, η2
p = .08 (Figure 2). Following this result, the 

interaction between Previous and Current Congruence was assessed in the repeated 

response condition and the changed response condition, and it was significant only for 

repeated responses, F(1, 78) = 18.35, p < .001, η2
p = .19, but not for changed ones, F(1, 78) 

= .41, p = .525, η2
p < .001, with a reduction of the Congruence effect when trials were 

preceded by incongruent (PreI condition), compared with congruent (PreC condition), trials 

in the Repeated condition. Following the interaction between Previous and Current 

congruence in repeated conditions, significantly slower RTs were observed for incongruent 

versus congruent trials preceded by congruent trials, F(1, 78) = 56.09, p < .001, η2
p = .41, 

and when preceded by incongruent ones, F(1, 78) = 10.92, p = .001, η2
p = .12. Slower 

responses to congruent trials were observed when they were preceded by congruent, 

compared with incongruent, trials, F(1, 78) = 16.58, p < .001, η2
p = .17, and for incongruent 

trials when they were preceded by incongruent, compared with congruent, trials, F(1, 78) = 

5.69, p = .019, η2
p = .07. Focusing on the significant three-way interaction between 

Repetition, Previous, and Current Congruence, we examined whether Repetition mostly 

affects Congruence effects for trials preceded by congruent, or incongruent, conditions. A 

significant Repetition x Congruence effect was only observed in the PreC: F(1, 78) = 6.47, p 

= .013, η2
p = .08. Following this interaction, faster responses in PreC-C trials in the repeated 

response condition compared to the changed response condition were observed, F(1, 78) = 

14.31, p < .001, η2
p =.15.  
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Figure 2 

Mean RT data as a function of Previous and Current Congruence in Repeated and Changed 

responses 

 
 

Note. Error bars reflect ±1 within-subject standard errors of the mean (Cousineau, 2005). 

 

A main effect of Picture Frequency was observed with faster response times in the 

Frequent Picture condition than in the Novel Picture condition, F(1, 78) = 15.80, p < .001, η2
p 

= .17 (M = 616.50 ms; SD = 187.61; M = 730.56 ms; SD = 130.10 respectively). Finally, no 

significant four-way interaction between Picture condition, Repetition, Previous Congruence, 

and Current Congruence was observed, F(1, 78) = .58, p = .447, η2
p = .01 (Figure 3)1. In 

order to corroborate the result of the Picture Set x Repetition x Previous Congruency x 

Current Congruency interaction, we conducted an equivalence analysis (Lakens, 2017) to 

determine whether the difference between the CSEs in repeated and changed responses 

could be considered statistically equivalent in the two experimental groups (Novel Picture 

and Frequent Picture). Based on an equivalence test, we rejected the presence of effects 

more extreme than -0.7 to 0.7 Cohen’s dz (medium-large effect), t(78) = 2.08, p = 0.021. 

Finally, an additional Bayesian ANOVA confirmed that evidence for an interaction involving 

Picture Set was against its inclusion in the model, either as a four-way interaction between 

Picture Set x Repetition x Previous Congruency x Current Congruency, BFexcl = 1.50, or as a 
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three-way interaction between Picture Set x Previous Congruency x Current Congruency, 

BFexcl = 4.91. 

 

Figure 3 

Mean RT data as a function of Previous and Current Congruence in Repeated and Changed 

responses, separated by Novel and Frequent picture conditions 

 

Note. Error bars reflect ±1 within-subject standard errors of the mean (Cousineau, 2005). 

 

 

Response Stimulus Interval (RSI) 

Response-Stimulus interval (RSI) significantly modulated response times, F(2, 156) = 

45.55, p < .001, η2
p = .37, with slower RTs for the long RSI (3000-5000 ms, M = 696.48 ms, 

SD = 175.85) compared with the medium RSI (1500-2000 ms, M = 664.64 ms, SD = 

173.17), F(1, 78) = 92.06, p < .001, η2
p = .54, and no difference between the medium and 

the fast RSI (750-1000 ms, M = 660.17 ms, SD = 168.11), F(1, 78) = .39, p = .535, η2
p < 

.001.  
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The three-way interaction between RSI, Previous, and Current Congruence was not 

significant, F(2, 156) = 2.55, p = .081, η2
p =.03 (Figure 4). Focusing on the difference 

between CSE at each RSI level, no differences were observed between any RSI level (fast 

vs. medium, F(1, 78) = 1.01, p = .317, η2
p = .01; medium vs. slow, F(1, 78)= 3.28, p = .074, 

η2
p = .04; fast vs. slow, F(1, 78) = 1.01, p = .318, η2

p = .01). However, when testing each RSI 

level separately, a significant CSE was only observed only at fast and medium RSI levels, 

F(1, 78) = 6.52, p = .013, η2
p = .08 and F(1, 78) = 9.48, p = .003, η2

p = .11 respectively, but 

not for the slowest RSI level (3000-5000 ms), F(1, 78) = .63, p = .431, η2
p =.01.  

 

Figure 4 

Congruence sequence effect at each RSI level 

    

Note. Error bars reflect ±1 within-subject standard errors of the mean (Cousineau, 2005). 

 

A significant interaction was observed between RSI and Repetition, F(2, 156) = 

31.62, p < .001, η2
p =.29. Following the interaction, the main effect of Repetition was 

significant (Fs ≥ 7.52, ps ≤ .008, η2
ps ≥ .09) across all RSI intervals. Responses were faster 

for Repeated conditions compared to Changed conditions in the Fast and Medium RSI 

intervals (M = 653.28 ms, SD = 169.88; M = 661.84 ms, SD = 175.84, respectively, for 

Repeated; M = 667.42 ms, SD = 168.00, M = 667.63 ms, SD = 171.65, respectively, for 
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Changed). Conversely, in the Slow RSI interval, responses were slower for Repeated 

conditions (M = 702.71 ms, SD = 180.78) compared to Changed conditions (M = 690.15 ms, 

SD = 173.45). 

The three-way interaction between RSI, Repetition, and Picture Frequency was also 

significant, F(2, 156) = 6.55, p = .002, η2
p =.08. Following this result, the interaction between 

RSI and Repetition was assessed for each Picture Frequency condition. The interaction was 

significant in the Novel Picture condition, F(2, 78) = 4.95, p = .010, η2
p =.11, however no 

significant effect of repetition was observed in any RSI level in the Novel picture Condition, 

Fs ≥ 3.14, ps ≤ .084, η2
ps ≥ .07. The interaction between RSI and Repetition was also 

significant in the Frequent Picture condition, F(2, 78) = 26.58, p < .001, η2
p = .40. Following 

this interaction, the main effect of Repetition was significant in all RSIs (Fs ≥ 4.55, ps ≤ .039, 

η2
ps ≥ .10) in the Frequent Picture condition. Responses in fast and medium RSI levels were 

faster in the repeated response condition (M = 592.88 ms, SD = 186.53; M = 605.90 ms, SD 

= 196.21) than in the changed response condition (M = 617.33 ms, SD = 192.52; M = 611.23 

ms, SD = 191.30). In the slow RSI (3000-5000 ms), responses were faster for changed 

responses (M = 631.12 ms, SD = 186.76) compared with repeated ones (M = 642.96 ms, SD 

= 188.67). 

The three-way interaction between RSI, Repetition, and Previous Congruence was 

significant, F(2, 156) = 4.54, p = .012, η2
p =.05. Following this result, the interaction between 

Repetition and Previous Congruence was significant in slow RSI only, F(1, 79) = 6.53, p = 

.013, η2
p =.08. Analyzing this interaction, the main effect of Previous Congruence was 

significant in the repeated response condition only, F(1, 78) = 10.80, p = .002, η2
p = .12, with 

faster responses in the trials following the PreC trials (M = 695.52 ms, SD = 179.21) 

compared to the PreI trials (M = 710.43 ms, SD = 185.44). 

 

Discussion 

The present study aimed to investigate cognitive control in a picture-word 

interference task, with a focus on understanding whether stimulus identity adds to 
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category/response repetition in shielding from incongruency, and on determining the 

temporal profile of congruence sequence effects. Here, performance was modulated by 

semantic incongruency between the picture and the word, and the effect was more 

pronounced when preceded by congruent, rather than incongruent, trials (CSE effect; 

Gratton et al., 1992).  

We observed an interference effect (i.e., lower accuracy and slower response times 

in incongruent trials compared to congruent trials) and a CSE pattern (i.e., a reduction in the 

differences between incongruent and congruent trials after incongruent trials compared to 

congruent trials) on both accuracy and response times. Incongruence between the picture 

and the word dampened performance on both accuracy and RTs, excluding a speed-

accuracy trade off. Regarding response time, we also observed a modulation of CSE 

depending on whether the response category in the actual and previous trials was the same 

(Repetition condition) or changed (Changed condition). Specifically, we observed a 

significant CSE in trials involving response repetition, but not in trials involving response 

change, suggesting a modulation of CSE induced by repetition. This result is consistent with 

previous studies, in which CSE was diminished or absent in trials involving feature change 

compared to trials involving feature repetition (De Cesarei et al., 2023; Dignath et al., 2019; 

Dignath & Kiesel, 2021; Grant et al., 2020; Egner, 2014). According to Spapé & Hommel 

(2008), previous trial congruence affects the degree of interference only in repeated trials. In 

particular, they suggest that in the episodic representations, the integration of stimuli, 

actions, and task-specific information occurs, so that later reactivation of some elements of a 

representation will also retrieve other elements of the previous trial, including control states 

that facilitate performance (Egner, 2014; Abrahamse et al., 2016; Dignath et al., 2019; Frings 

et al., 2020). Here, a CSE was observed in trials involving repetition, but not in trials 

involving change. Interestingly, consistently with previous results (De Cesarei et al., 2023; 

Dignath et al., 2021), the change in CSE pattern between repeated and changed conditions 

depended on faster responses to congruent preceded by congruent stimuli in repeated 

compared with changed trials, rather than on a modulation in the response to incongruent 
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preceded by congruent trials, or on a modulation in trials preceded by incongruent 

conditions. This pattern of results suggests that repetition, in addition to interference-

contrasting processes (e.g., Spapé & Hommel, 2008; Egner et al., 2014), also relies on 

facilitatory processes that may speed up responses to congruent stimuli once engaged by 

retrieval (see also Dunaway & Weismann, 2024). Facilitation has been observed both in 

classical Stroop paradigms (MacLeod, 1991), and in PWI tasks, where distractors that are 

semantically related to the target produce facilitation rather than interference (Glaser & 

Dungelhoff, 1984; Costa et al., 2003; Hantsch et al., 2012). As a consequence, it is possible 

that cognitive control processes act both on the interference-related and on the facilitation-

related component of such tasks.  

Which features can be bound together in episodic representations, and under which 

conditions, is an open question that the present study addressed. Most notably, the present 

study asked whether target stimulus identity would add to the effects of response category 

repetition in modulating CSE. This was not the case, and similar CSE were observed both 

when stimulus identity was repeated and when stimulus identity changed. In the present 

paradigm, participants either performed in a categorization task that involved the viewing of 

repeated pictures (Frequent Picture condition), therefore allowing to learn the unique 

individual features of each target picture, or performed in a categorization task which 

involved the viewing of always-novel pictures, in which no picture was ever repeated (Novel 

Picture condition) and no picture-defining perceptual feature could therefore be learnt. If 

learning of single-picture features helps to form episodic representations of the stimuli, then 

one would expect more pronounced effects of repetition in the frequent than in the novel 

condition. Stimulus identity did not add to the effects of repetition, suggesting that response 

category, but not necessarily scene identity, is represented in episodic memories, and its 

repetition is a sufficient condition for the observation of a CSE without further modulation by 

identity. According to this possibility, stimulus identity might have a less pronounced (if any) 

role, compared with superordinate or more abstract features, in the coding structure which is 

maintained in the episodic event file. However, several previous studies in the attention, 
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categorization and visual search literature argue against a fixed and hardwired use of 

information, and promote instead a flexible and diagnostic use of visual information (Di Lollo 

et al., 2001; Wolfe et al., 2021; De Cesarei et al., 2019; Schyns, 1998; Oliva & Schyns, 

2000).  

An alternative explanation for the present results is that task requirements promoted 

cognitive control at the goal-related, rather than at the stimulus-specific, level. Several 

previous studies (e.g., Grant et al. 2020, 2022; Kelber, 2024) asked whether changes in 

stimulus features affect CSE independently of the task that is being carried out, or only when 

they concern task-defining features. These studies indicate that changes in stimulus features 

only reduce CSE if they are associated with changes in task set. More so, not only 

perceptual but also abstract features, such as cross-modal intensity, can modulate CSE if 

associated to a task set (Kelber et al., 2024). Altogether, these results are consistent with a 

task-set account (Grant et al. 2020, 2022; Kelber, 2024; Hazeltine, et al., 2011), which posits 

that the features of task-irrelevant stimuli do not trigger control adjustments unless they are 

associated with task sets or predict upcoming task-relevant information. In PWI tasks, as in 

several interference tasks (e.g., the Stroop or the flanker task), targets and interfering stimuli 

share the same task set, either in terms of being the same digit misplaced (and therefore 

mapping to the same response: flanker task, Eriksen, 1974), or in terms of mapping to the 

same semantic concept (Stroop and PWI task: Stroop, 1935; Rosinski, 1977); for this 

reason, targets and distractors in such tasks have been classified as competing “candidate 

targets”, eventually resulting in response interference within the same task (Buetti, Lleras, & 

Moore, 2014). In the present PWI task, while word meaning is a distractor that competes 

with the picture at the level of semantic access (candidate target, or task-relevant distractor), 

stimulus identity is not associated with task requirements, and is therefore unrelated to the 

task goal. If this is the case, then other tasks that strongly rely on individual stimulus 

representation, e.g., an old/new task in which old and new pictures are presented along with 

a congruent or incongruent old/new label, may be more sensitive to stimulus identity.  
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Consistently with previous studies, we observed a CSE when the response category 

was repeated, but not when it changed. In the present paradigm however, repeating a 

response also involved repeating the category. Therefore, the observed results may be 

related either to a repetition/change in to-be-categorized stimulus features (e.g., animal or 

vehicle category, or one or two foreground elements), or to a response repetition/change. 

According to the binding-retrieval CSE model (Hommel et al., 2004; Frings et al., 2020), 

stimulus and response features (e.g., actions, task-specific information, etc.) are integrated 

into episodic representations, that can be retrieved if one feature is repeated. Hence, future 

studies may adopt confound-minimized designs (which were not employed here to favor the 

manageability of the task) that control the alternation of category and responses across 

trials, in order to eliminate repetition of category/response combinations (Braem et al., 2019; 

Schmidt & Liefooghe, 2016; Weismann et al., 2014) and to dissociate the separate 

contributions of category and response repetition. 

The second question concerned the time course (onset and duration) of CSE. The 

present study showed similar CSE at least for fast and medium (up to 2000 ms) RSIs. 

Although the interaction did not reach standard significance (p = .081) and no difference 

between CSE at any RSI level was observed, no significant CSE was observed at the 

slowest RSI, corresponding to 3000-5000 ms. While the pattern of results suggests 

maintaining a cautious approach in interpreting these data, the present results indicate that 

CSE is little affected by RSI, i.e., shows little decay, and a significant CSE is observed until 

as late as 2000 ms after the response. At the same time, CSE was already present at the 

fastest RSI (750-1000 ms) and the present results do not support, for the examined 

paradigm, the prediction from the error processing literature that proactive cognitive control 

would have taken time to activate (e.g., Wessel, 2018). The present temporal profile of CSE 

is consistent with a previous study (Schiltenwolf et al., 2022), in which a constant CSE was 

observed up to 5000 ms in a conflict task that minimized repetition effects. On the other 

hand, other studies (e.g., Duthoo et al., 2014; Egner et al., 2010; see also Hommel & Frings, 

2020) observed a decline in CSE over time. Future studies might further investigate this 
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issue, possibly taking into additional consideration the differences between the type of 

material (e.g., natural pictures vs. faces vs. numbers or letters), and comparing tasks that 

favor proactive vs. reactive cognitive control.  

In the present study, we investigated the role of trial features (picture identity vs. 

response category) and trial timing on the modulation of CSE. It was observed that CSE was 

modulated by the repetition of response categories, but not of stimulus identity. These 

results are consistent with previous literature indicating that stimulus features that are not 

bound to task set are not involved in the modulation of CSE. However, several questions 

remain open to future research, e.g., concerning individual differences in cognitive control 

and their cognitive and neural basis. First, previous studies tried to disentangle the effects of 

experimental manipulations on the proper binding (i.e., what happens at the time of stimulus 

encounter) and on retrieval (for reviews see Hommel, 2022; Frings, 2020). Moreover, the 

conditions which promote the binding or retrieval of certain features should be better 

understood (Hommel, 2022). One such factor, which might modulate either the binding or 

retrieval of stimulus features, is task set. While here task set promoted superordinate 

categorization, and we did not observe CSE modulation by stimulus identity, other tasks 

explicitly asking participants to respond to stimulus identity may reveal that, when it is made 

task relevant, stimulus identity is coded into event files (e.g., in an old/new task). Together 

with the result of this and previous studies (e.g., Grant et al. 2020, 2022; Kelber, 2024; 

Hazeltine, et al., 2011; Egner, 2023), this would support the primary role of task set in the 

modulation of CSE and, at a broader level, contribute to a better understanding of the 

conditions which promote cognitive control. Finally, individual differences in nonclinical and 

clinical populations might be considered. While previous studies indicated that CSE was not 

modulated by working memory capacity (Meier & Kane, 2012), other individual differences 

might modulate cognitive control. Of note, schizophrenia patients demonstrate deficits in 

tasks that assess cognitive control, episodic memory and working memory (Barch & 

Sheffield, 2017). Specifically, Barch and Sheffield (2017) suggest that a decrease in 

proactive control may impair the ability to represent, maintain, and use goal-relevant 
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information to guide thoughts and actions. One electrocortical measure that is involved in 

cognitive control and is altered in patients with schizophrenia (Basar-Eroglu et al., 2008) is 

the amplitude of theta oscillations. Theta oscillations (4-7 Hz) reflect cortical mechanisms 

summoned by cognitive processes (Cavanagh and Cohen, 2022; Poldrack, 2011) that are 

involved during conflict conditions compared to non-conflict situations (Cohen, 2014; 

Cavanagh et al. 2012; Cohen and Cavanagh et al. 2011; Cohen and Donner, 2013; 

Hanslmayer et al. 2008; Nigbur et al., 2011; 2012; Gratton, 2018), and represent an ideal 

candidate for the investigation of this facet of cognitive control in nonclinical and clinical 

population.  

 

Conclusions  

The present study examined the memory mechanisms underlying cognitive control, 

focusing on the congruency sequence effect in a PWI task. Using natural scenes, similar 

CSE was observed across different tasks, and showed little decay within the observed 

interval. Moreover, the present results indicate that response category, but not necessarily 

stimulus identity, may be bound together in an episodic representation and contribute to the 

modulation of CSE if retrieved. Altogether, the present results are informative concerning the 

type and duration of learned representations that are active during an interference task.  
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Footnotes 

 
1. The present research design was replicated, with Picture Set manipulated within par-

ticipants, in a follow-up EEG study (N = 49). In the replication study, a main effect of 

Current Congruence was observed, F(1, 48) = 16.89, p < .001, η2
p = .26, which was 

further modulated by Previous Congruence, F(1, 48) = 20.31, p < .001, η2
p = .30, with 

a result pattern consistent with the present study. As in the present study, a signifi-

cant three-way interaction between Response Repetition, Previous Congruence, and 

Current Congruence was observed, F(1, 48) = 6.22, p = .016, η2
p = .12, with signifi-

cant CSE pattern for repeated responses, F(1, 48) = 19.41, p < .001, η2
p = .29, but 

not for trials where responses changed, F(1, 48) = .59, p = .448, η2
p = .01. Consistent 

with the present data, the four-way interaction between Picture Frequency, Response 

Repetition, Previous Congruence, and Current Congruence did not reach signifi-

cance, F(1, 48)=.010, p=.920, η2
p <.001 (novel pictures: repeated response, CSE M 

= 25.26, SD = 47.00; changed response, CSE M = 7.78, SD = 50.77; frequent pic-

tures: repeated response, CSE M = 29.40, SD = 58.11; changed response, CSE M = 

13.85, SD = 46.67). 
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