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Abstract 

 Performance is impaired when a distracting stimulus is incongruent with the target 

stimulus (e.g., “green” printed in red). This congruency effect is decreased when the 

proportion of incongruent trials is increased, termed the proportion congruent effect. This 

effect is typically interpreted in terms of the adaptation of attention in response to conflict. In 

contrast, the contingency account argues that the effect is driven by the learning of predictive 

relationships between words and responses. In a recent report, Abrahamse, Duthoo, 

Notebaert, and Risko (2013) demonstrated larger changes in the magnitude of the proportion 

congruent effect when switching from a mostly congruent list to a mostly incongruent list, 

relative to the reverse order. They argued that this asymmetric list shifting effect fits only with 

the conflict adaptation perspective. However, the current paper presents reanalyses of this 

data and an adaptation of the Parallel Episodic Processing (PEP) model that together 

demonstrate how the contingency account can explain these findings equally well when 

considering the generally accepted notion that performance improves with practice. The 

contingency account may still be the most parsimonious view. 

 

Keywords: proportion congruent effects; conflict adaptation; contingency learning; practice; 

attention capture 
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Introduction 

 When participants are asked to attend to one dimension of a multidimensional stimulus 

they are only partially successful in doing so. For instance, in the Stroop task (Stroop, 1935) 

participants are presented with coloured colour words, and are asked to ignore the word and 

identify the print colour. Performance is worse on incongruent (e.g., “green” in red) relative to 

congruent trials (e.g., “green” in green). This congruency effect is reduced the higher the 

percentage of incongruent trials in the task (Lowe & Mitterer, 1982). This proportion 

congruent (PC) effect is generally interpreted as evidence that participants decrease attention 

to the distracter in response to the frequent conflict in the mostly incongruent condition (e.g., 

see Botvinick, Braver, Barch, Carter, & Cohen, 2001; Cheesman & Merikle, 1986; Cohen, 

Dunbar, & McClelland, 1990; Lindsay & Jacoby, 1994). This attentional modulation 

explanation of the PC effect is called the conflict adaptation (or conflict monitoring) account. 

 The conflict adaptation account has not gone unchallenged, however. Schmidt 

presented the argument that PC effects are, instead, the result of simple contingency learning 

processes (Schmidt, 2013c; Schmidt & Besner, 2008; Schmidt, Crump, Cheesman, & Besner, 

2007; see Schmidt, 2013a for a detailed review). The contingency account argues that there 

are predictive relationships between the words and responses that bias the mostly congruent 

and mostly incongruent conditions differently. In the mostly congruent condition, the word is 

predictive of the congruent response (e.g., “green” is presented most often in green). In the 

mostly incongruent condition, the word is (depending on design) either: (a) unpredictive (i.e., 

presented equally often in all colours), or (b) strongly predictive of an incongruent response 

(e.g., “yellow” is presented most often in blue). The result of these contingency biases is a 

smaller congruency effect in the mostly incongruent condition. 

 Though there is no clear agreement on which account provides the best explanation of 

the PC effect (e.g., Blais & Bunge, 2010; Bugg & Hutchison, 2012; Bugg, Jacoby, & 
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Chanani, 2011; Crump & Milliken, 2009; Shedden, Milliken, Watter, & Monteiro, 2013), 

there are some pieces of evidence which provide compelling support for the contingency 

account (e.g., Atalay & Misirlisoy, 2012; Grandjean et al., 2013; Hazeltine & Mordkoff, 

2014; Schmidt, 2013c). For instance, Schmidt (2013c) presents a dissociation procedure in 

which contingencies and PC could be separately assessed. Highly reliable contingency effects 

were observed, but (contingency-unbiased) PC effects were not observed (see also, Hazeltine 

& Mordkoff, 2014). At least for the “item-specific” PC task that was used (see Jacoby, 

Lindsay, & Hessels, 2003), such results seem to argue strongly against the conflict adaptation 

account, as the conflict adaptation account should have predicted the reverse observations. 

Asymmetric List Shifting 

 Other findings, however, have been argued to provide evidence of conflict adaptation, 

separate from contingency biases. For instance, if PC is manipulated with some contingency-

biased inducer items, a PC effect is still observed for intermixed contingency-unbiased 

diagnostic items in some scenarios (e.g., Bugg & Hutchison, 2012; Hutchison, 2011; Wühr, 

Duthoo, & Notebaert, 2015). A competing temporal learning (i.e., rhythmic timing) account 

has been shown to provide an equally viable account of such effects, however (Schmidt, 

2013b, 2014b; Schmidt, Lemercier, and De Houwer, 2014; see also, Schmidt, 2014a). 

 Of particular interest for present purposes, another line of evidence for conflict 

adaptation in the PC effect was presented by Abrahamse, Duthoo, Notebaert, and Risko 

(2013), which might initially seem to allow for no alternative non-conflict learning 

interpretation. They demonstrated what they referred to as an asymmetric list shifting effect. In 

their Experiment 1a, for instance, half of the participants started with a mostly congruent 

block of trials, and then switched to a mostly incongruent block (MC-MI). The other half of 

participants received the reverse order (MI-MC). The stimulus frequencies are presented in 

Table 1. The decrease in the congruency effect from the first to second block for MC-MI 
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participants exceeded the increase for the MI-MC participants. 

(Table 1) 

 Abrahamse et al. (2013) argued that this asymmetric list shifting effect provides 

evidence for conflict adaptation. Specifically, in the MC-MI group participants start out with 

relatively lax attention in the initial mostly congruent block, producing a large congruency 

effect, but then rapidly adapt to the following mostly incongruent block. Thus, a sizeable 

decrease in the congruency effect occurs. In contrast, participants in the MI-MC condition 

rigorously direct attention away from the word in the initial mostly incongruent block, 

resulting in a small congruency effect. Due to this decreased attention to the word, they either 

(a) do not notice the change in PC or (b) do not adjust their strategy when the mostly 

congruent block begins. Thus, the change in the congruency effect is small. 

 Abrahamse et al. (2013) also argue that the simplest version of the contingency 

account is not consistent with the asymmetric list shifting effect. According to this argument, 

if participants are only responsive to the local contingencies, then the decrease in the 

congruency effect from the mostly congruent to mostly incongruent block should be roughly 

symmetric with the increase from mostly incongruent to mostly congruent. Indeed, they note 

that there was little evidence at all of a change in the congruency effect in the MI-MC 

condition, which seems inconsistent with the contingency learning perspective, at least in its 

simplest form. How, then, can these results be reconciled with those of Schmidt (2013c) and 

Hazeltine and Mordkoff (2014), which demonstrated very clear support for the contingency 

account using similar stimulus frequencies? It additionally seems unlikely that a temporal 

learning account could explain the asymmetric list shifting effect, so the list shifting effect 

seems particularly interesting and worthy of further consideration. 

Practice Effects 

 It is well known that performance is not stable over time in response time experiments. 
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For instance, participants respond slower overall early on in an experiment, and then rapidly 

improve in performance in a decelerating function (Logan, 1988; Newell & Rosenbloom, 

1981). In blocked data, this can be represented in a power function (or in more fine-grained 

trial-by-trial data, an exponential function; see Heathcote, Brown, & Mewhort, 2000; Myung, 

Kim & Pitt, 2000). As Logan puts it (1988): “The power-function speed-up has been accepted 

as a nearly universal description of skill acquisition to such an extent that it is treated as a law, 

a benchmark prediction that theories of skill acquisition must make to be serious contenders” 

(pp. 495). Thus, it is reasonable to assume that performance in earlier blocks will be worse 

than performance in later blocks. 

 More importantly, it is also well known that, in addition to general speedups across 

blocks in Stroop tasks, congruency effects similarly decay over practice (e.g., Dulaney & 

Rogers, 1994; Ellis & Dulaney, 1991; MacLeod, 1998; Simon, Craft, & Webster, 1973; 

Stroop, 1935). This can, itself, be a by-product of the power function: both congruent and 

incongruent trial performance will rapidly improve, but incongruent trials stand to gain more 

(i.e., incongruent trials are slower to start out with). This decrease in the congruency effect 

over time has important implications for asymmetric list shifting effects. In the MC-MI 

condition, the contingency account predicts a decrease from Block 1 to Block 2 because of the 

change in the contingencies, and this will be complimented by the practice benefit. Thus, a 

very large list shift effect should be expected. In contrast, in the MI-MC list the contingency 

account predicts an increase in the congruency effect from Block 1 to Block 2, but this will be 

counteracted by the general decrease in congruency effects observed with practice. Thus, a 

net change in the congruency effect will be small or absent, potentially even reversed (i.e., if 

the decrease from practice exceeds the increase from contingency biases). 

 As the above analysis shows, contingency and practice effects complement each other 

in the MC-MI list, but counteract each other in the MI-MC list, potentially explaining the 
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asymmetry in list shifting. Abrahamse et al. (2013) did acknowledge the above concerns. In 

order to rule out this argument, their Experiment 1b had participants perform the same PC list 

for two blocks, either MC-MC or MI-MI. The authors report that the congruency effect did 

not significantly decrease in either condition, and concluded that decreases in the congruency 

effect over blocks was not an issue. However, the congruency effect was numerically reduced 

by about 27 ms in both the MC-MC and MI-MI conditions. Thus, the role of practice in list 

shifting cannot be easily discarded based on this null finding. 

 Indeed, Abrahamse et al. (2013) further reported an analysis aimed to control for 

practice. In this analysis, the two experiments were compared, using the MC-MC condition of 

Experiment 1b as a control for the MC-MI condition and the MI-MI condition as a control for 

the MI-MC condition. An experiment (Experiment 1a vs. Experiment 1b) by block (Block 1 

vs. Block 2) by order (MC-MI/MC-MC vs. MI-MC/MI-MI) by congruency (congruent vs. 

incongruent) ANOVA revealed a significant four-way interaction, which was interpreted as 

indicating that the asymmetric list shifting effect is more than just practice. Unfortunately, this 

was not the correct control analysis, because in Block 2 mostly incongruent trials in the MC-

MI condition are treated as being identical to mostly congruent trials in the MC-MC 

condition, and the reverse is true for the MI-MC/MI-MI order. Thus, this analysis also fails to 

convincingly rule out practice effects on list shifting. 

Analysis 1: Experiment 1 Reanalysis 

 A more appropriate control for practice would be to conduct an experiment 

(Experiment 1a vs. Experiment 1b) by block (Block 1 vs. Block 2) by PC (mostly congruent 

vs. mostly incongruent) by congruency (congruent vs. incongruent) ANOVA. This is likely 

the control Abrahamse et al. (2013) intended to test. If there is more to the list shifting effect 

of Experiment 1a than the simple practice effects observed in Experiment 1b, then the 

experiment x block x congruency x PC interaction should be significant. That is, in the 
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various blocks of mostly congruent and mostly incongruent trials, congruency effects should 

differ in systematic ways between Experiment 1a and Experiment 1b. 

 Unfortunately, this interaction cannot be tested with a simple ANOVA, because the 

cells that are manipulated between-groups vary in the two experiments (e.g., PC is 

manipulated between-groups in Experiment 1b, but not in Experiment 1a). An ANOVA 

cannot accommodate this sort of unbalanced design. However, a linear mixed effects (LME) 

model can. For readers unfamiliar with LME models, the test described in the Method section 

below is essentially identical to a typical ANOVA, except with an unbalanced dataset. 

Method 

 In order to control for practice effects on the asymmetric list shifting effect, an LME 

model was conducted with the MIXED command in SPSS, with restricted likelihood 

estimation. Participants were entered as a random factor, congruency and block were entered 

as repeated factors with a compound symmetry variance structure. Experiment, block, 

congruency, and PC were then introduced in a factorial design. The same trimming 

procedures were used as in the original report. That is, response times were trimmed if (a) the 

response given was incorrect and/or (b) the RT exceeded three standard deviations from the 

mean RT for that participant in that cell of the design. 

Results 

 Response times. The response time data for Experiments 1a and 1b are presented in 

Figures 1a and 1c, respectively. The full results of the LME are presented in Table 2. Most 

notably, the critical four-way interaction between experiment, block, congruency, and PC was 

not significant. Thus, there was no evidence of an asymmetric list shifting effect independent 

of practice benefits. In fact, dropping the experiment factor from the LME results in better 

model fit (using maximum likelihood estimation; ACC: 2126; BIC: 2158) than the model 

with the experiment factor (ACC: 2130; BIC: 2186). In other words, there was no evidence 
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that the two experiments differed in any meaningful way. Note that there was a main effect of 

block, indicating that responses were faster in the second block. There was also a marginal 

interaction between block and congruency, indicating that the congruency effect was smaller 

in Block 2. Thus, evidence for practice effects is present in the Experiment 1 data. 

(Figure 1 and Table 2) 

 Percentage error. The percentage error data of Experiments 1a and 1b are presented 

in Figures 2a and 2c, respectively. The full results of the LME are presented in Table 3. Most 

notably, the critical four-way interaction between experiment, block, congruency, and PC was 

not significant. Thus, there was no evidence of an asymmetric list shifting effect independent 

of practice benefits. Indeed, experiment had no significant effects on errors and dropping the 

experiment factor from the LME again resulted in better fit (ACC: 1001; BIC: 1032) than the 

model with the experiment factor (ACC: 1013; BIC: 1070). As with the response times, there 

was no evidence that the two experiments differed in any meaningful way. 

(Figure 2 and Table 3) 

Discussion 

 The results of this reanalysis show the important role that practice plays in producing 

asymmetric list shifting. After accounting for the practice effects observed in Experiment 1b, 

the asymmetry in the list shifting effect was no longer significant in response times or errors. 

It is noteworthy, however, that the asymmetric list shifting effect does numerically exceed the 

practice effects observed in Experiment 1b by a noticeable amount. This might suggest that 

there is more to the asymmetry than just practice (e.g., conflict adaptation). At minimum, 

however, the present analysis demonstrates a major role for practice in the asymmetry. 

Analysis 2: Experiment 1 Simulation 

 Analysis 1 demonstrated the important role of practice in the asymmetric list shifting 

effect. Analysis 2 aims to determine whether a learning model is able to simulate the results of 
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Abrahamse et al. (2013) without a conflict adaptation mechanism. To this end, the PEP model 

was used (Schmidt, 2013c), represented visually in Figure 3. In the model, word and colour 

Input nodes are first activated, then compete in the Identity nodes (producing congruency 

effects), before passing on activation to Response nodes. On each trial, the PEP makes a new 

Episode node, linking the word Input nodes to Episode nodes, and Episode nodes to Response 

nodes. Subsequent episodic retrieval produces contingency learning, because a given word 

will retrieve primarily trials in which the high contingency response was made. Note that 

colours are not connected to Episode nodes in the PEP merely for computational simplicity. 

These connections are not relevant for contingency learning, because colour-response 

correspondences are always 100% consistent. The model also learns to time responses 

rhythmically (Schmidt, 2013b; Schmidt & Weissman, in press), but this mechanism is not 

relevant for the current simulation.1 

(Figure 3) 

Method 

 Model changes. One key change to the model was made to investigate practice 

effects. Full details are presented in the Appendix, but a briefer conceptual explanation is 

given here. In order to simulate practice effects, it was assumed that each time a participant 

makes a given response, the ease of making that response to the stimulus is increased. More 

specifically, the connection between the relevant Identity and Response nodes is strengthened. 

This produces a general speed up over the course of the experiment, and an (incidental) 

decrease in the congruency effect. It is important to note that after these parameter changes, 

unreported simulations confirm that the model still produces item-specific PC, list-level PC, 

and Gratton effects. Thus, the current Version 1.4.0 of the PEP model is still able to simulate 

the findings that it was previously reported to simulate (see Schmidt, 2013b, 2013c; Schmidt 

& Weissman, in press). Full Java source code for this and all previous versions of the PEP 
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model can be found on the author’s website (http://users.ugent.be/~jaschmid/PEP). 

 Procedure. The model was presented with the exact same manipulations as those in 

Experiments 1a and 1b of Abrahamse et al. (2013; see Table 1). In mostly congruent blocks, 

each of four words was presented 54 times in its congruent colour and 6 times in each of the 

remaining three colours (288 trials). In mostly incongruent blocks, each word was presented 

equally often (18 times) in all four colours (288 trials). For Experiment 1a, half of the 

“participants” received a mostly congruent block followed by a mostly incongruent block, and 

half the reverse. For Experiment 1b, half received two mostly congruent blocks, and the other 

half two mostly incongruent blocks. There were 250 simulated participants for each of the 

four conditions (MC-MI, MI-MC, MC-MC, MI-MI), for a total of 1000. 

Results 

 Given the very large number of simulated participants, reliability was very high. 

Statistics are not reported below, but every interpreted numerical difference was well below 

the conventional level of statistical significance (i.e., α = .05). Both condition correct cycle 

times (simulated RT) and percentage errors are discussed. The data are presented in Table 4. 

(Table 4) 

 Cycle times. The simulated response time congruency effects for Experiments 1a and 

1b are presented in Figures 1b and 1d, respectively. Most importantly, the simulation 

produces asymmetric list shifting: the decrease in the congruency effect from Block 1 to 

Block 2 in the MC-MI group (53 cycles) was 75 cycles larger than the (non)increase in the 

MI-MC condition (−22 cycles). This shows that the competing forces of practice and 

contingency effects produce an asymmetrical list shifting effect. For Experiment 1b, the 

model produced a decrease in the congruency effect with block. Specifically, there was a 53 

cycle decrease in the MC-MC condition, and a 41 cycle decrease in the MI-MI condition. This 

demonstrates that the practice mechanism works as intended. 
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 Simulated errors. The simulated error percentage data produced a similar pattern of 

data as the cycle times and are presented in Figures 2b and 2d. Most importantly, the 

simulation produces asymmetric list shifting: the decrease in the congruency effect from 

Block 1 to Block 2 in the MC-MI group (2.4%) was 2.0% larger than the increase in the MI-

MC condition (0.4%). The simulated control experiment also produced decreases in the 

congruency effect, though this was more evident in the MC-MC condition (1.6%) than in the 

MI-MI condition (0.6%). 

Discussion 

 Analysis 2 demonstrated the simple point that a contingency learning mechanism is 

entirely consistent with asymmetric list shifting effects, as long as it is assumed that 

performance improves with practice. The parameters of the model were not strategically 

adjusted such that the data perfectly matched the participant data. More generally, the 

parameters of the PEP model are not changed on an experiment-by-experiment basis to avoid 

overfitting the model to the data. This does mean, however, that the same parameterization is 

used for a wide range of tasks (e.g., verbal Stroop, manual Stroop, and prime-probe) with 

various design differences (e.g., set sizes, trial durations, etc.), so it is inevitable that some 

discrepancies between modelled and participant data will emerge. One is noteworthy in the 

present simulation. Congruency effects actually decreased in the MI-MC list, whereas there 

was a (non-significant) increase in the participant data. This is due to the relatively small PC 

effect in the simulated data (16 cycles). As the author confirmed in supplementary 

simulations,2 this probably indicates that the contingency mechanism could have been 

stronger, thereby increasing the overall PC effect (i.e., because it is the contingency 

mechanism that is primarily responsible for the PC effect in the PEP model). However, the 

key point, demonstrated here computationally, is that contingency and practice effects work in 

opposition to each other in the MI-MC list, whereas they work in concert in the MC-MI list. 



ASYMMETRIC LIST SHIFTING  13 
 

This produces asymmetric list shifting. Additional assumptions about conflict adaptation may 

be unnecessary. 

Analysis 3: Experiment 2 Simulation 

 Abrahamse et al. (2013) also conducted a second experiment using different stimulus 

frequencies. This experiment did not have a corresponding control experiment (i.e., similar to 

Experiment 1b), so an analysis akin to Analysis 1 was not possible. However, the differences 

between Experiments 1 and 2 are interesting in several respects, so it is worth considering 

whether the PEP model can simulate the results of this experiment as well. The design of 

Experiment 2 is presented in Table 5. One notable feature of this experiment is that it makes 

use of inducer items, which are manipulated for PC (e.g., “red” and “green” in Table 5) and 

intermixed transfer items, which are not manipulated for PC (e.g., “yellow” and “blue” in 

Table 5). Only the inducer items produced asymmetric list shifting effects. Both inducer and 

transfer items are nevertheless simulated for reader reference. 

(Table 5) 

 Also unique to Experiment 2, there were two list shifts in the experiment (i.e., MC-

MI-MC or MI-MC-MI). There were three (significantly or marginally) reliable changes, all 

within the MC-MI-MC group. First, there was a significant drop in the congruency effect 

from Block 1 to Block 2, which was larger than the non-significant increase in the MI-MC-MI 

group. Second, there was a marginal increase from Block 2 to Block 3. Third, there was a 

significant drop in the congruency effect from Block 1 to Block 3. 

Method 

 Model changes. No changes to the model presented in Analysis 2 were made. 

 Procedure. The model was presented with the exact same manipulations as those in 

Experiment 2 of Abrahamse et al. (2013; see Table 5). In mostly congruent blocks, one pair of 

words (e.g., red and green) were presented 16 times in the congruent colour and 4 times in the 
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other incongruent colour (inducer items). Another pair of words (e.g., blue and yellow) were 

presented 10 times each in the congruent and incongruent colours (transfer items; 80 trials 

total). Mostly incongruent blocks were identical, except that the contingencies for inducer 

items were reversed. For the MC-MI-MC group, the model was presented with five mostly 

congruent blocks, followed by two mostly incongruent blocks, followed by two more mostly 

congruent blocks. For the MI-MC-MI group, the reverse contingencies were used. For both 

conditions, 250 simulated participants were run, for a total of 500. 

Results 

 As in Analysis 2, reliability was again very high, so statistics are not reported. The 

data are presented in Table 6. 

(Table 6) 

 Cycle times. The simulated response times for Experiment 2 inducer items are 

presented in Figure 4b. Most importantly, the simulation produces asymmetric list shifting: 

the decrease in the congruency effect from Block 1 to Block 2 in the MC-MI-MC group (73 

cycles) was 52 cycles larger than the increase in the MI-MC-MI condition (21 cycles). 

Additionally, in the MC-MI-MC group there was a 28 cycle increase from Block 2 to Block 3 

and a 45 cycle decrease from Block 1 to Block 3. This matches the pattern of data observed in 

the original report. Note that the original report found no reliable differences between blocks 

in the MI-MC-MI group. Of course, the model has much more power to detect small 

differences, but note that the numerical differences between blocks are smaller in the MI-MC-

MI group. Similarly, transfer items produced no significant list shifting effects in the original 

report, but the simulated results are nevertheless presented in Figure 4d for reference. 

(Figure 4) 

 Simulated errors. In the original report, the error data provided no significant list 

shifting effects. Of course, the modelled data has much more statistical power. Notably, the 
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simulated error percentages for inducer items produced a similar pattern of data as the cycle 

times and are presented in Figure 5b. Most importantly, the decrease in the congruency effect 

from Block 1 to Block 2 in the MC-MI-MC group (2.5%) was 2.5% larger than the 

(non)increase in the MI-MC-MI condition (<0.0%). 

(Figure 5) 

Discussion 

 Analysis 3 demonstrated that the same computational model used to simulate 

Experiments 1a and 1b of Abrahamse et al. (2013) can also simulate the results of their 

Experiment 2. Most critically, bigger list shifting effects are observed between blocks in the 

MC-MI-MC group than in the MI-MC-MI group. Together with Analyses 1 and 2, this 

demonstrates the feasibility of a contingency learning account of asymmetric list shifting. 

General Discussion 

 In the debate between the conflict adaptation and simple learning perspectives of the 

PC effect, the asymmetric list shifting effect seems particularly interesting. While most 

reports of purported evidence for conflict adaptation in the PC effect can be easily and 

powerfully explained by simple contingency and temporal learning processes, the asymmetric 

list shifting effect seemingly provides unilateral support for conflict adaptation. However, this 

paper presented the case that the asymmetric list shifting effects observed by Abrahamse et al. 

(2013) might be explainable, in whole or in part, by contingency learning, as long as it is 

additionally assumed that the congruency effect shrinks with practice. Analysis 1 illustrated 

the important role of practice effects, by showing that the asymmetry is not robust to controls 

for practice. Analyses 2 and 3 with the PEP model further demonstrated the plausibility of a 

contingency learning account by showing that learning and practice mechanisms produce the 

asymmetries observed in participant data. 

 Whether contingency learning and practice explain the entire asymmetric list shifting 
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effect, however, is uncertain. There were still hints in the data of a residual asymmetric list 

shifting effect. If this is more than just noise, then conflict adaptation might play some role in 

the effect. That said, the current results demonstrate that a contingency learning account can 

provide a potentially sufficient explanation for asymmetric list shifting. This is important, 

because the asymmetry might otherwise seem to undermine the strong case that consideration 

of the impact of simple learning and memory processes on the PC effect eliminates the need 

to make assumptions about conflict monitoring or adaptation. 

Practice Effects 

 Another aim of the current paper is to highlight the importance of practice effects. 

Congruency effects change in magnitude over time via practice (Dulaney & Rogers, 1994; 

Ellis & Dulaney, 1991; MacLeod, 1998; Simon et al., 1973; Stroop, 1935), and failing to take 

this fact into consideration when comparing congruency effects across two temporally-

separated blocks can lead to potentially-incorrect conclusions about cognitive control. 

Another example of this comes from work with the Gratton effect (i.e., smaller congruency 

effects following an incongruent trial). Sheth et al. (2012) found that the Gratton effect was 

abolished after lesioning the dorsal anterior cingulate cortex (dACC) and concluded that the 

dACC plays a causal role in behavioural adaptation. However, van Steenbergen, Haasnoot, 

Bocanegra, Berretty, and Hommel (2014) subsequently demonstrated that replacing the lesion 

with a filler task also eliminated the Gratton effect. That is, the Gratton effect was reduced, 

but simply due to practice. 

Attention Capture and Stimulus Informativeness 

 If an asymmetric list shifting effect does exist independent of practice, one further 

design feature of Experiment 1 of Abrahamse et al. (2013) is worth considering. Items in the 

mostly congruent and mostly incongruent blocks differ in stimulus informativeness. That is, 

words in the mostly congruent condition are strongly predictive of the correct (i.e., congruent) 
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response. In contrast, words in the mostly incongruent condition are unpredictive (i.e., they 

are presented equally often in all colours). It is well known that predictive stimuli attract 

attention (Chun & Jiang, 1998; Cosman & Vecera, 2014; Hutcheon & Spieler, 2014; Melara 

& Algom, 2003). As Schmidt (2014a) points out, this means that mostly congruent stimuli 

will attract more attention than mostly incongruent stimuli if the former are more informative 

than the latter. This attention capture view shares some similarities with the conflict 

adaptation view, except that it is proposed that attention is drawn towards informative stimuli, 

rather than away from conflicting stimuli. Distinguishing between these two possibilities can 

be achieved by making mostly incongruent words just as predictive of an incongruent 

response as mostly congruent words are of a congruent response (e.g., see Table 4).3 

Concluding Remarks 

 It is hoped that the current paper strengthens the point of Schmidt (2013a) that the 

currently published data on PC effects are too ambiguous to definitively conclude whether or 

not conflict adaptation plays a role in addition to basic learning and memory confounds. 

Although far from a consensus, some data suggests that simple learning processes may be 

sufficient to explain “item-specific” (Atalay & Misirlisoy, 2012; Grandjean et al., 2013; 

Hazeltine & Mordkoff, 2014; Schmidt, 2013c; Schmidt & Besner, 2008), “list-level” 

(Schmidt, 2013b, 2014b), and “context-specific” PC effects (Schmidt et al., 2014). The 

current results suggest that conflict-unrelated learning is also sufficient to explain asymmetric 

list shifting. The elegance of this view is that the mechanisms proposed are uncontroversial 

and necessary for explaining a broad range of learning and memory phenomena. It is hoped 

that this report will prompt further research on practice in order to determine whether and in 

which scenarios genuine conflict adaptation can be observed.  
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Footnotes 

1 Temporal learning might conceivably contribute to some of the patterns in the data, 

but it does not produce an asymmetric list shifting effect, at least as currently programmed. 

This was confirmed in the older version of the model without the newly added practice 

mechanism. 

2 The contingency mechanism can be strengthened relative to the practice mechanism 

by increasing the maximum retrieval from episodic memory (.25) to boost contingency 

learning, increasing the response deadline (.55) to compensate for the contingency boost, and 

increasing the starting connection strength between Identity and Response nodes (.85) to 

weaken practice benefits. This also increases overall RT (like the participant data), so the 

model was given more cycles (4000) for finding a response (like the actual experiment). This 

increases the overall PC effect (58 cycles), eliminates the decrease in the MI-MC condition (1 

cycle increase), and even increases the asymmetry (115 cycles). 

3 Of course, this does assume that it is equally easy to learn a congruent contingency 

(e.g., that the word “red” predicts the red response) as it is to learn an incongruent 

contingency (e.g., that the word “red” predicts a green response). This may or may not be 

true. 
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Table 1. Experiment 1 stimulus pairings (Abrahamse et al., 2013). 

  Mostly Congruent   Mostly Incongruent  

Colours Red Green Yellow Blue Red Green Yellow Blue 

red 54 6 6 6 18 18 18 18 

green 6 54 6 6 18 18 18 18 

yellow 6 6 54 6 18 18 18 18 

blue 6 6 6 54 18 18 18 18 
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Table 2. Analysis 1 response time LME results. 

Factor Statistic 

intercept   F(1,38) = 871.790, p < .001 

experiment   F(1,38) = .028, p = .868 

block   F(1,114) = 90.678, p < .001 

congruency   F(1,114) = 101.685, p < .001 

PC   F(1,43) = 2.709, p = .107 

experiment*block   F(1,114) = 2.209, p = .140 

experiment*congruency   F(1,114) = .251, p = .618 

experiment*PC   F(1,43) < .001, p = .997 

block*congruency   F(1,114) = 3.535, p = .063 

block*PC   F(1,42) = 8.896, p = .005 

congruency*PC   F(1,114) = 25.290, p < .001 

experiment*block*congruency   F(1,114) = .820, p = .367 

experiment*block*PC   F(1,42) = 4.303, p = .044 

experiment*congruency*PC   F(1,114) = 1.180, p = .280 

block*congruency*PC   F(1,114) = 2.699, p = .103 

experiment*block*congruency*PC   F(1,114) = 2.745, p = .100 
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Table 3. Analysis 1 percentage error LME results. 

Factor Statistic 

intercept   F(1,38) = 94.818, p < .001 

experiment   F(1,38) = .266, p = .609 

block   F(1,114) = .067, p = .796 

congruency   F(1,114) = 81.338, p < .001 

PC   F(1,59) = 3.749, p = .058 

experiment*block   F(1,114) = .002, p = .961 

experiment*congruency   F(1,114) = .871, p = .353 

experiment*PC   F(1,59) = .137, p = .713 

block*congruency   F(1,114) = 2.895, p = .092 

block*PC   F(1,55) = .038, p = .846 

congruency*PC   F(1,114) = 8.584, p = .004 

experiment*block*congruency   F(1,114) = .093, p = .761 

experiment*block*PC   F(1,55) = .022, p = .883 

experiment*congruency*PC   F(1,114) = .379, p = .540 

block*congruency*PC   F(1,114) = 1.921, p = .168 

experiment*block*congruency*PC   F(1,114) = 1.172, p = .281 
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Table 4. Analysis 2 simulation data. 

  Block 1   Block 2  

  Cycles   Errors   Cycles   Errors  

 C I C I C I C I 

Experiment 1a         

   MC-MI 364 549 1.4 8.6 353 477 1.4 6.5 

   MI-MC 373 534 1.2 6.7 344 483 1.9 5.5 

Experiment 1b         

   MC-MC 365 555 1.4 9.1 343 483 1.9 7.7 

   MI-MI 375 535 1.2 6.5 354 477 1.5 6.3 

Note. C = congruent, I = incongruent. 
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Table 5. Experiment 2 stimulus pairings (Abrahamse et al., 2013). 

  Mostly Congruent   Mostly Incongruent  

Colours Red Green Yellow Blue Red Green Yellow Blue 

red 16 4   4 16   

green 4 16   16 4   

yellow   10 10   10 10 

blue   10 10   10 10 
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Table 6. Analysis 3 simulation data. 

  Block 1   Block 2   Block 3  

  Cycles   Errors   Cycles   Errors   Cycles   Errors  

 C I C I C I C I C I C I 

MC-MI-MC             

   inducer 361 541 1.5 8.2 351 455 1.6 6.4 344 482 1.8 6.9 

   transfer 356 500 1.4 7.9 351 467 1.7 6.8 345 464 2.1 7.6 

MI-MC-MI             

   inducer 368 479 1.3 6.3 349 475 1.6 6.7 352 452 1.1 6.6 

   transfer 369 509 1.3 6.2 351 465 1.7 6.8 352 465 1.5 6.7 

Note. C = congruent, I = incongruent. 
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Figure 1. Experiment 1a (a) response times and (b) model cycle times, and Experiment 1b (c) 

response times and (d) model cycle times for Abrahamse et al. (2013). 

  

0

100

200

300

400

MC-MI MI-MC

C
o
n
g
ru

en
cy

 E
ff

ec
t 

(m
s)

Condition

Block 1

Block 2

0

50

100

150

200

250

300

MC-MI MI-MC

C
o

n
g
ru

en
cy

 (
cy

cl
es

)

Condition

Block 1

Block 2

0

100

200

300

400

MC-MC MI-MI

C
o
n
g
ru

en
cy

 E
ff

ec
t 

(m
s)

Condition

Block 1
Block 2

0

50

100

150

200

250

300

MC-MC MI-MI

C
o
n
g
ru

en
cy

 (
cy

cl
es

)

Condition

Block 1

Block 2

(a) (b) 

(c) (d) 



ASYMMETRIC LIST SHIFTING  31 
 

 

 

 

Figure 2. Experiment 1a (a) percentage errors and (b) model errors, and Experiment 1b (c) 

percentage errors and (d) model errors for Abrahamse et al. (2013). 
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Figure 3. Visual representation of the Parallel Episodic Processing (PEP) model. Note: 

connections between Identity and Response nodes are strengthened with practice. 

  

BLUE RED GREEN blue red green 

blue red green 

key1 key3 key2 

Response 

nodes 

Input nodes 

(colour) 

Episode 

nodes 

Input nodes 

(word) 

Identity 

nodes 

response threshold 



ASYMMETRIC LIST SHIFTING  33 
 

 

 

 

Figure 4. Experiment 2 inducer item (a) response times and (b) model cycle times, and 

transfer item (c) response times and (d) model cycle times for Abrahamse et al. (2013). 
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Figure 5. Experiment 2 inducer item (a) response times and (b) model cycle times, and 

transfer item (c) response times and (d) model cycle times for Abrahamse et al. (2013). 
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Appendix – Model Changes 

 One new change was added to the model that is relevant to asymmetric list shifting. In 

order to capture both the general decrease in overall response times and the decrease in 

congruency effects over the course of the experiment, the connections between Identity nodes 

and Response nodes were adjusted over time. Specifically, the connection strength between a 

given Identity and Response node i was updated on every cycle wherein activation of the 

Identity node exceeded the activation threshold with Formula 1, 

𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ𝑖 =  𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ𝑖(1 − 𝑑𝑒𝑐𝑎𝑦) +  .0001          (𝟏) 

The decay parameter was set at .0001. On the first trial, strength was .6. The strength value 

thus increases in a decelerating function. That is, larger increases in strength occur in the 

earliest trials, then changes become progressively smaller with later trials. 

 The strength value is then used in Formula 2 to determine how much activation is 

passed from an Identity node to a Response node, 

𝑜𝑢𝑡𝑝𝑢𝑡𝑖 =  (𝑎𝑐𝑡𝑖𝑣𝑎𝑡𝑖𝑜𝑛𝑖 − 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑)(𝑛𝑜𝑖𝑠𝑒)(𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ𝑖)          (𝟐) 

Aside from the strength modifier, Formula 2 is identical in previous versions of the model. 

Note that Formula 2 is only calculated when the activation of a node i exceeds the threshold, 

and noise is a random number between 0 and 5 on each trial. The net result of these formulas 

is an overall speedup in responding with decreasing congruency effects (i.e., less time for 

interference), especially early on in the experiment, consistent with the power function. 

 The only other minor change to the model is that the maximum retrieval rate from 

Episode nodes was set to .1. Earlier versions of the model had a stronger retrieval rate (.2), 

which seemed too strong. A recent adaptation lowered this rate to (.01), but this was an 

overcompensation. 


