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Abstract 

One can easily learn to associate a motor response to a given sensory stimulus. This linking of stimuli to 
responses (“S-R links,” for short) may be learned through verbal instruction or through extensive training. The 
former has been characterized as something akin to the acquisition of a “prepared reflex.” Recently, it has been 
demonstrated that, in the flanker paradigm, S-R links acquired through prepared reflexes can yield the interference 
effects found with the traditional versions of this task, which normally include training. In a fully within-subjects 
paradigm, we replicated this current research and extended it, by including (a) contrasts between all traditional 
flanker conditions (including response interference and perceptual interference) and (b) trial-by-trial subjective 
measures of performance (i.e., “urges to err”). The behavioral and subjective effects found with prepared reflexes 
resembled those found following normal S-R link acquisition. The theoretical implications of this finding are 
discussed. 

Keywords: action control, automaticity, perception-and-action, prepared reflex, stimulus-response link, working 
memory  

1. The Prepared Reflex: Behavioral and Subjective Flanker Interference Effects 

It is trivial to demonstrate that humans can quickly learn to associate a motor response to a given sensory stimulus. 
The phenomenon, which occurs both in everyday life, in educational settings, and in countless laboratory 
experiments, is often instantiated by a simple instruction, such as “press the square button when the light is green” 
or “turn the knob when you hear a click.” The learning process for such associations is often quick and effortless. 
This striking ability to link stimuli to responses (“S-R links,” for short) has been a primary object of study in the 
history of psychology. Till today, there is debate regarding the mechanisms that lead to such rapid acquisition of 
S-R links (cf., Gallistel & Gibbon, 2001; Hommel, Müsseler, Aschersleben, & Prinz, 2001; Mitchell, De Houwer, 
& Lovibond, 2009; Morsella, Riddle, & Bargh, 2009). 

Independent of this debate about the mechanisms underlying the rapid, single-trial acquisition of S-R links, 
investigators have attempted to illuminate the different ways in which these associations could be learned. This 
line of research examines the distinct properties of different forms of S-R acquisition (e.g., through verbal 
instruction or extensive practice). For example, an S-R link may be learned only through verbal instruction or 
through extensive practice in which the indicated response is emitted toward the stimulus repeatedly over the 
course of scores of trials. The latter form of S-R acquisition may lead to automatized responses (Puttemans, 
Wenderoth, & Swinnen, 2005). 

The acquisition of an S-R link through mere verbal instruction, involving only one trial and without any training, 
has been characterized as something akin to the acquisition of a “prepared reflex” or “psychic reflex” (Ach, 1905; 
Cohen-Kdoshay & Meiran, 2009; Exner, 1879; Gollwitzer, 1999; Hommel, 2000; Woodworth, 1939). These terms 
reflect that the effects of this form of knowledge acquisition resemble, remarkably, those of automatized S-R links 
acquired through training. It has been proposed that, in the prepared reflex, working memory is taxed 
(Cohen-Kdoshay & Meiran, 2007; Cohen-Kdoshay & Meiran, 2009; Meiran & Cohen-Kdoshay, 2012), because 
the rule regarding the stimulus-response contingency is actively held in mind. (Working memory has been defined 
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as a temporary, capacity-limited storage system under attentional control that is used to intentionally hold and 
manipulate information in mind; Baddeley, 1986, 2007.) Researchers today have begun to accumulate data 
regarding the similar properties of S-R acquisition from the prepared reflex and from traditional stimulus-response 
training (Cohen-Kdoshay & Meiran, 2007, 2009), in which the S-R link is acquired over the course of several trials 
(Eriksen & Eriksen, 1974). To examine these similarities, researchers have employed response interference 
paradigms such as the classic flanker task (Eriksen & Eriksen, 1974), our next topic of discussion. We will return 
to the topic of the prepared reflex after discussing this behavioral paradigm.  

1.1 The Flanker Task 

In the flanker paradigm (Eriksen & Eriksen, 1974), one must respond to a visual target and disregard flanking 
“distractors.” In one variant of the paradigm (Eriksen & Schultz, 1979), during flanker training, participants are 
first trained in 30 or more trials to press one button with one finger when presented with the letter S or M and to 
press another button with another finger when presented with the letter P or H. After training, which involves the 
acquisition of these four S-R links, participants are then instructed to respond to the letter presented in the center of 
an array and to disregard the flanking letters (the “distractors”). Interference (e.g., increased response times [RTs] 
and error rates) is stronger when distractors and targets are associated with different actions (response interference 
[RI]), as in the case of PPSPP, than when distractors and targets look different but are associated with the same 
response (perceptual interference [PI]; Eriksen, 1995; Wilson et al., 2009), as in the case of MMSMM. (Shortest 
RTs occur in the Identical condition, in which the flankers are identical to targets [e.g., SSSSS, target 
underscored].)  

Unlike the original flanker task (Eriksen & Eriksen, 1974), which included only the Identical and RI conditions, 
the Eriksen and Schultz (1979) version of the flanker task includes a PI condition that permits one to contrast the 
interference effects arising from perceptual-level and response-level stages of processing (van Veen, Cohen, 
Botvinick, Stenger, & Carter, 2001). Consistent with the patterns of results found by Eriksen and Schultz (1979), 
van Veen et al. (2001) found that RI led to a mean RT of 624 ms (SD = 79) and PI led to mean of 565 ms (SD = 74), 
with the difference between RI and PI being 59 ms. Similarly, in Wilson et al., 2009), RI led to a mean RT of 
734.01 ms (SE = 31.78), and PI led to mean of 672.51 ms (SE = 33.52), with the difference between RI and PI 
being 61.5 ms.  

Evidence from psychophysiological studies suggests that RI stems from the automatic, “stimulus-triggered” 
activation of action plans by visual distractors (DeSoto, Fabiani, Geary, & Gratton, 2001). Specifically, studies 
revealed that, in RI, competition involves simultaneous activation of the brain areas associated with both the 
target-related and distractor-related responses (DeSoto et al., 2001; Mattler, 2005). In addition, functional brain 
imaging research has shown that RI and PI have distinct neural signatures, with RI involving more activations in 
frontal cortex, including frontal regions associated with motor processes (van Veen & Carter, 2006; van Veen et al., 
2001). 

In subjective variants of the flanker task, conscious perturbations such as trial-by-trial ratings of “urges to err” are 
strongest in the RI condition (Wilson et al., 2009). To obtain these subjective effects, participants are asked after 
each trial to introspect and rate on an 8-point scale “how strong the urge was to make a mistake” (cf., Gray et al., 
2009; Wilson et al., 2009). In this scale, 1 signifies “no urge” and 8 signifies “strong urge.” The observation that 
urges to err are strongest in the RI condition is consistent with the hypothesis that incompatible skeletomotor plans 
must trigger detectable changes in subjective experience (see quantitative review of additional evidence from a 
plethora of interference paradigms in Morsella, Berger, & Krieger, 2011). Such research on the subjective aspects 
of performance has revealed insights that may not be learned from behavioral measures alone (Etkin, Prater, Hoeft, 
Menon, & Schatzberg, 2010; Morsella et al., 2011). 

In assessing the similarities between the two forms of S-R acquisition, researchers have demonstrated that, in the 
flanker task, the prepared reflex can yield the RI effect that is found in flanker paradigms that include flanker 
training (Cohen-Kdoshay & Meiran, 2007, 2009). This is quite a remarkable effect. However, other aspects of the 
prepared reflex remain unexplored. For example, no research to date on the prepared reflex has provided data 
regarding the additional contrasts featured in the flanker paradigm (i.e., those involving the three interference 
conditions of Identical, PI, and RI). Second, no research has examined the trial-by-trial subjective effects 
associated with the prepared reflex. Do these subjective effects resemble what is found in subjective variants of the 
traditional flanker task, which includes training?  

Our aim was to build upon and replicate previous research (Cohen-Kdoshay & Meiran, 2007, 2009) while 
providing new data that address these unexplored issues. Such data would further illuminate the similarities 
between the two distinct forms of S-R acquisition. To our knowledge, the present project is the first investigation 
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to examine these similarities while taking into consideration all conditions of the flanker task and trial-by-trial, 
subjective effects. In addition, we performed a separate analysis to examine whether these similarities are 
detectable during the earliest of flanker trials following the acquisition of the S-R link through the mechanisms of 
the prepared reflex.  

1.2 Overview and Predictions 

In a within-subjects design, participants completed two blocks of flanker trials under two conditions, each 
reflecting a different form of S-R acquisition: a Prepared Reflex condition and a traditional, Training-Based 
condition. Each condition consisted of a block of trials. Block order was fully counterbalanced across participants. 
In the Training-Based condition, participants completed a flanker training session (trials = 128) before beginning 
the critical block of trials. This condition is likely to involve automatic responding (MacLeod & Dunbar, 1988; 
Proctor & Lu, 1999; Puttemans et al., 2005). In the Prepared Reflex condition, participants completed the flanker 
trials without any training. Hence, to perform the task, participants presumably held the instructions in mind, 
taxing working memory, as theorized in previous research (Cohen-Kdoshay & Meiran, 2009; Meiran & 
Cohen-Kdoshay, 2012; Oberauer & Hein, 2012). Thus, this condition is likely to involve working memory to a 
greater extent than the Training-Based condition. In addition, in this condition there should be less automatic 
responding than in the Training-Based condition. In our experiment, participants were faced with three types of 
flanker trials: Identical, PI, and RI. After each trial, participants were asked to rate how strong the urge to err was 
on that trial. Based on previous studies (Cohen-Kdoshay & Meiran, 2007, 2009; Meiran & Cohen-Kdoshay, 2012), 
we hypothesized that the Prepared Reflex condition should yield behavioral and subjective flanker effects similar 
to those found in the Training-Based condition.  

2. Method 

2.1 Participants 

San Francisco State University undergraduates (n = 68, female = 47) participated for course credit. 

2.2 Stimuli and Apparatus 

Stimuli were presented on an Apple iMac computer monitor (50.8 cm) with a viewing distance of approximately 
48 cm. Stimulus presentation and data recording were controlled by PsyScope software (Cohen et al., 1993). All 
letter stimuli (1 cm2) were white, presented in the center, on a black background.  

2.3 Procedures 

During training for the Training-Based condition (trials = 128), participants learned to associate two of the four 
letters (e.g., S and M) with pressing “4” on the keypad and the other two letters (e.g., P and H) with pressing “5” on 
the keypad. Participants were given specific key associations, such as “Use your index finger to press 4 for S or 
M,” or “Use your middle finger to press 5 for P or H.” Participants were instructed to rest their hand on the 
keyboard and maintain contact with the keys at all times during the study. During the training trials, a fixation (+) 
appeared (500 ms) in the center of the screen to direct the participant’s attention. Following the fixation, a letter 
appeared in the center of the screen until the participant pressed the correct button. During the critical trials, 
participants were given the same instructions as were provided before the training trials. 

During critical trials (n = 64: 32 Identical, 16 PI, and 16 RI trials), participants responded to a target letter that was 
flanked by four distractor letters (e.g., SSMSS). There was a larger proportion of Identical trials compared to each 
of the other interference conditions (PI or RI) in order to avoid habituation effects to the presence of the 
dissimilar flanking distractors (Gratton, Coles, & Donchin, 1992; Lehle & Hübner, 2008). Participants were 
informed that, after each trial, they would be asked to rate their urge to err on a scale from 1 to 8, in which 1 
represented “almost no urge” and 8 represented “extremely strong urge.” Participants were instructed to input 
their responses by typing with their left hand. The associations of key presses to target stimuli were fully 
counter-balanced across participants. The pairing of targets to distractors in the flanker array was only partially 
counter-balanced due to the fact that the PI and RI conditions cannot be fully counterbalanced.  

Each critical trial proceeded as follows. “Ready” appeared in the center of the screen along with a written reminder 
about the key associations. Participants pressed a button to initiate the trial. A fixation (+) appeared (500 ms) in the 
center of the screen to direct the participant’s attention. This was followed by a 5-letter flanker array, which would 
also appear in the center of the screen (~4.5 cm wide x 1 cm high). Participants were instructed to respond as 
quickly and accurately as possible to the letter in the center of the array and to disregard the letters flanking the 
central letter. The array remained on the screen until the participant responded. Following the response, 
participants were asked, “How strong was your urge to make a mistake?” Participants responded by inputting a 
number from 1 to 8.  
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The Prepared Reflex condition was identical to the Training-Based condition, with two exceptions. First, this 
condition did not have training trials. Second, it was comprised of different letter stimuli. The presentation of 
these sets of stimuli were fully counterbalanced across participants. For this condition, before commencing the 
critical trials, the experimenter reiterated the instructions with the participant to make sure that each participant 
received the same amount of verbal instruction in both S-R acquisition conditions.  

After completing the experiment, participants filled out a funneled debriefing form (following the procedures 
detailed in Bargh & Chartrand, 2000) to assess participants’ knowledge of the hypothesis at hand. Specifically, 
participants were asked: “What do you think the purpose of this experiment was?”, “What do you think this 
experiment was trying to study?”, “Did you have any strategy and/or goal in completing this experiment?”, 
“Was there anything that interfered with your performance on the task?”, “Have you ever participated in a 
study in which you respond to a letter in the center of other letters? For example, AACAA. (If YES, continue to 
the next two questions.)”, “If so, what was the name of the study? How long ago did you participate in the 
study?”, and “What were the letters you were trained on? Please list them below.”  

The data from a total of four participants were removed from analysis. Two of these participants had previous 
experiences in studies involving the flanker task. One participant was unable to complete the task within the 
allotted time; another participant erred on more than 20% of the trials. For RT analysis, RTs below 200 ms and 
above 2 s were excluded from analysis (based on Gray et al., 2009; Wilson et al., 2009; van Veen et al., 2001; 
Woodworth & Schlosberg, 1954). The RT data from trials in which participants made an erroneous response 
were excluded from analysis. Regarding the urge to err ratings, typographical errors on the part of participants 
led to the loss of 27 (0.66%) of 4,096 trials. 

3. Results 

3.1 Response Times Analysis 

Descriptive statistics for this and all other dependent measures are presented in Table 1. A fully within-subjects 
ANOVA on the RTs revealed a main effect of S-R Acquisition (Training-Based condition versus Prepared Reflex 
condition), F(1, 63) = 19.10, p < .001, in which RTs were longer in the Prepared Reflex condition than in the 
Training-Based condition, as one would expect. There was also a main effect of Interference, F(2, 126) = 30.10, p 
< .001, resembling the pattern of RTs found in the flanker paradigm. Planned comparisons revealed that, within the 
Training-Based condition, the contrasts between the Interference conditions were all significant (ts > 2.5, ps < .05), 
and that, within the Prepared Reflex condition, all the contrasts between Interference conditions were significant 
except for that between Identical and PI (p = .19). There was no interaction between the factors S-R Acquisition 
and Interference, F(2, 126) = 0.16, p = .86. For this dependent measure (and for other dependent measures), there 
was no main effect (p > .05) of the order in which participants received the S-R Acquisition conditions. As 
mentioned above, the order sequence was fully counterbalanced across subjects.  

 

Table 1. Descriptive statistics as a function of condition 

 Conditions Error Rate RT Urge RT Data Trimmed 

 S-R 

Acquisition 

Interference 

Condition 
Mean SE Mean SE Mean SE Mean SE 

Full 

Experiment  
Grand 0.05 0.06 873.68 24.41 2.49 0.11 0.11 0.01 

 Training-Bas

ed 

Across 

conditions 
0.05 0.01 825.23 23.36 2.37 0.12 0.09 0.01 

   Identical 0.05 0.01 785.91 25.66 2.09 0.11 0.09 0.01 

   PI 0.02 0.01 815.82 24.08 2.27 0.13 0.06 0.01 

   RI 0.08 0.01 873.96 24.98 2.76 0.17 0.13 0.02 

 Prepared 

Reflex 

Across 

conditions 
0.05 0.01 922.14 29.87 2.61 0.12 0.13 0.02 

   Identical 0.04 0.01 883.69 29.39 2.29 0.12 0.10 0.01 

   PI 0.04 0.01 905.98 32.05 2.53 0.13 0.11 0.02 

   RI 0.07 0.01 976.74 33.30 3.01 0.16 0.18 0.02 
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 Across 

Conditions 
Identical 0.05 0.01 834.80 19.91 2.19 0.08 0.09 0.01 

   PI 0.03 0.01 860.90 20.36 2.40 0.09 0.08 0.01 

   RI 0.08 0.01 925.35 21.23 2.89 0.11 0.16 0.02 

First 16 trials Grand 0.07 0.01 948.86 26.00 2.64 0.13 0.16 0.02 

 Training-Bas

ed 

Across 

conditions 
0.07 0.02 865.16 36.48 2.50 0.18 0.11 0.03 

   Identical 0.07 0.02 847.13 37.11 2.22 0.20 0.10 0.03 

   PI 0.03 0.02 857.20 33.11 2.41 0.22 0.05 0.03 

   RI 0.11 0.03 891.15 31.96 2.88 0.23 0.17 0.05 

 Prepared 

Reflex 

Across 

conditions 
0.07 0.02 1032.56 37.01 2.77 0.18 0.21 0.03 

   Identical 0.06 0.02 996.03 45.45 2.45 0.16 0.17 0.03 

   PI 0.05 0.02 1059.61 50.55 2.72 0.21 0.18 0.03 

   RI 0.10 0.03 1080.23 50.49 3.14 0.20 0.29 0.05 

 Across 

Conditions 
Identical 0.06 0.01 912.35 28.30 2.33 0.13 0.14 0.02 

   PI 0.04 0.01 948.53 29.02 2.57 0.15 0.11 0.02 

   RI 0.11 0.02 985.69 29.68 3.01 0.15 0.23 0.03 

PI = perceptual interference; RI = response interference; “RT Data Trimmed” includes the removal of response 
times below 200 ms or above 2 s and the exclusion of response times from trials in which participants erred.  

 

3.2 Error Rate Analysis 

A fully within-subjects ANOVA on the raw error rates revealed no main effect of the factor S-R Acquisition, F(1, 
63) = 0.04, p = .84, and a main effect of Interference, F(2, 126) = 12.97, p < .001. Planned contrasts revealed that, 
for the Prepared Reflex condition, the contrasts between Interference conditions were significant (ts > 2.2, ps < .05) 
except for that between Identical and PI (p = .89). Within the Training-Based condition, the only nonsignificant 
contrast was between Identical and RI (p = .08). Analysis on arcsine transformations of the data also revealed a 
similar pattern of results. (Arcsine transformations are often used to statistically normalize data that are in the form 
of proportions.) In this analysis, there was no main effect of S-R Acquisition, F(1, 63) = 0.19, p = .66. However, 
there was a main effect of the factor Interference, F(2, 126) = 12.32, p < .001. Planned contrasts revealed that, for 
the Training-Based condition, all contrasts between Interference conditions were significant (ps < .05) except for 
that between Identical and RI (p = .56). The planned contrasts revealed that, for the Prepared Reflex condition, all 
contrasts were nonsignificant (ps > .16) except that between PI and RI (p < .05). There was no interaction between 
the factors of S-R Acquisition and Interference on error rates, F(2, 126) = 1.15, p = .32. 

3.3 Subjective Effects: Urges 

A within-subjects ANOVA on the subjective, urge to err data (Table 1) revealed a main effect of S-R Acquisition, 
F(1, 63) = 7.74, p = .007, in which urges to err tended to be lower for the trained participants, as one would expect. 
There was no interaction between S-R Acquisition and Interference, F(2, 126) = .095, p = .89. However, the 
analysis did reveal the predicted effect of Interference, F(2, 126) = 31.43, p < .001. Planned comparisons revealed 
that, within the Training-Based condition, all of the contrasts between Identical, PI, and RI were significant (ts > 
2.2, ps < .05). A similar pattern of Interference results was found in the Prepared Reflex condition (ts > 2.8, ps 
< .01).  

3.4 Supplementary Analysis: Subjective Data Associated with Working Memory 

Through both piloting and information provided informally by some participants during the debriefing stage of our 
study, we learned of the possibility that, during the test trials, participants’ consciousness might be occupied, not 
just with urges, but with the rehearsal of the instructions of the task at hand (e.g., rehearsal of the sensorimotor 
contingencies). Such a possibility is consistent with the hypothesis that, in the prepared reflex, working memory is 
used to hold stimulus-response contingencies in mind (Meiran & Cohen-Kdoshay, 2012). The possibility is also 
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consistent with the more general observation that information in working memory influences the contents of 
consciousness (Baddeley, 2007; Jantz, Tomory, Gazzaley, & Morsella, 2013; Jantz et al., 2014).  

To investigate this possibility more formally, we collected data from a separate group of participants (n = 33) who 
performed a task that was similar to ours except that, during each trial, (a) there was a 7-second delay preceding the 
appearance of the flanker stimulus (based on Gazzaley, Cooney, Rissman, & D’Esposito, 2005), and (b), during 
this delay, participants could by button press indicate whenever they experienced visual or auditory mental 
imagery about the letters, the buttons, the association of the letters with the buttons, or anything else that could help 
them perform the task (see details of procedures in Appendix A). This technique involving the reporting of 
imagery was based on the methods of Tomory et al. (2013) and Jantz et al. (2014). As expected and consisted with 
the informal reports obtained during piloting, participants reported the occurrence of task-related imagery during 
the 7-second delay. Across conditions, the mean imagery rate per delay was 0.93 (SE = .18, participants’ means 
ranged from 0 to 3.05), a rate that is significantly above zero, t(27) = 5.28, p < .001 (see details about results in 
Appendix A).  

3.5 Supplementary Analysis: Initial Trials 

One may propose that the flanker effect in the Prepared Reflex condition resulted, not from S-R contingencies 
being actively held in working memory, but from participants’ responding to targets during the initial critical trials, 
which could result in a form of flanker training. However, a flanker RT effect can be found in an analysis of just the 
first 16 (fully counterbalanced) critical trials of this condition of our principal experiment, F(2, 60) = 3.92, p = .025, 
p

2 = .12. (See Table 1 for complete descriptive statistics of this subset of the data.) A similar pattern of results 
from the first 16 trials was found in a mixed design ANOVA in which S-R Acquisition was a between-subjects 
factor and Interference was a within-subjects factor. In this analysis, there was a main effect of Interference, F(2, 
122) = 5.43, p = .006, and of S-R Acquisition, F(1, 61) = 10.36, p = .002. There was no interaction between the two 
factors, F(2, 122) = 1.04, p = .355. 

This finding suggests that the effect found in the Prepared Reflex condition is not simply an artifact of participants’ 
prolonged exposure to trials during the critical block. Interestingly, the effect of Interference on urges to err was 
also significant for the first 16 trials of the Prepared Reflex condition, F(2, 62) = 5.90, p = .005, p

2 = .16. A similar 
pattern of results from the first 16 trials was found in a mixed design ANOVA in which urges to err was the 
dependent measure, S-R Acquisition was a between-subjects factor, and Interference was a within-subjects factor. 
In this analysis, there was a main effect of Interference, F(2, 124) = 14.80, p < .001, and no effect of S-R 
Acquisition, F(1, 62) = 1.12, p = .294. There was no interaction between the two factors, F(2, 124) = .046, p = .954. 
Complementing these urge to err data, a mixed ANOVA on arcsine transformations of the error rates revealed a 
main effect of Interference, F(2, 124) = 3.45, p = .034, no main effect of S-R Acquisition, F(1, 62) = .003, p = .955, 
and no interaction between the two factors, F(2, 124) = .254, p = .776. It should be noted that the pattern of results 
for error rates did not resemble that of the traditional flanker paradigm (see Table 1). This outcome could reflect 
that errors are infrequent, and only a few trials (i.e., n = 16) were sampled in this analysis. Nevertheless, RI did 
induce more errors than Identical.  

Faced with this additional, corroboratory evidence stemming from the first 16 trials, one could argue that the RT 
and subjective effects found during the first (fully counterbalanced) mini-block of trials of the Prepared Reflex 
condition reflected, not the effect of a prepared reflex, but the flanker training that could have transpired across 
those very 16 trials. To address this potential criticism, we examined participants’ performance on only the first 
two trials of the Prepared Reflex condition. This was an informal and exploratory analysis, for several reasons. 
First, it was post-hoc and the subset of only two trials could not provide data about all the three conditions; at most, 
it could provide data only about two conditions per participant. Second, because the order of presentation of the 
interference conditions was random, for this analysis, some participants experienced only one condition (e.g., two 
RI trials) during the first two trials. Third, the first trial of any experiment is likely to generate an erroneous 
response, as the participant is not as familiarized with the task as he or she is on subsequent trials. Hence, unlike in 
our formal analysis, and to minimize data loss from this small subset of trials, we included in this analysis the raw 
RT data, including RT data from trials in which participants made an erroneous response.  

Despite these limitations, if one pools together all the first and second trials of all the participants who performed 
the Prepared Reflex condition first, and then groups the trials (total = 64) by Interference condition, one still finds 
that the mean RTs follow the pattern found with the classic flanker task: Identical (M = 1,719.52, SE = 179.84), PI 
(M = 1,789.00, SE = 232.49), and RI (M = 2,121.20, SE = 329.88). The urge to err data follow the same pattern: 
Identical (M = 2.85, SE = 0.33), PI (M = 3.46, SE = 0.64), and RI (M = 4.10, SE = 0.48). Future research could more 
systematically investigate participants’ performance on the first trials of the Prepared Reflex condition. In addition, 
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future investigations could assess whether similar effects are found in an experiment in which S-R Acquisition is 
held as a between-subjects factor. In the present study, to diminish carry-over effects from incidental training, the 
order of presentation of the different forms of S-R Acquisition was counterbalanced across participants. Future 
research could rule out such artifacts by having S-R Acquisition be a pure, between-subjects factor. 

4. General Discussion 

Building on previous research (Cohen-Kdoshay & Meiran, 2009; Meiran & Cohen-Kdoshay, 2012) demonstrating 
the strikingly similar properties between S-R links acquired through training or through verbal instruction alone 
(as in the case of the prepared reflex), we demonstrated in a fully within-subjects design that action sets for the 
flanker task, when acquired as a prepared reflex, yield behavioral and subjective effects that are similar to those 
obtained from traditional flanker training. Our paradigm extends previous research (Cohen-Kdoshay & Meiran, 
2009; Meiran & Cohen-Kdoshay, 2012) by contrasting all three traditional flanker conditions and by having 
trial-by-trial subjective measures of performance (i.e., “urges to err”), all in a within-subjects design.  

Analysis of the RTs revealed that both forms of S-R link acquisition yield a similar pattern of interference effects. 
This pattern is also found when examining only the first mini-block of experimental trials, which suggests that the 
RT pattern found in the Prepared Reflex condition did not arise from an incidental form of flanker training during 
the critical trials. It is worth noting that, in the Prepared Reflex condition, the contrast between Identical and PI 
failed to reach significance (p = .19). Whether this null result reflects something interesting about cognitive 
processing could be a topic of further research.  

Unlike in previous studies, we also examined the subjective effects associated with each kind of S-R acquisition. 
Subjective measures can reveal aspects of processing that might not be evident through behavioral measures alone 
(e.g., Gray et al., 2013; Molapour, Berger, & Morsella, 2011). In our experiment, for both forms of S-R 
acquisition, all of the contrasts between Identical, PI, and RI were significant. The observation that RI yielded the 
strongest urge to err, both within the Training-Based condition and the Prepared Reflex condition, is consistent 
with the hypothesis that incompatible skeletomotor plans must trigger detectable changes in subjective experience 
(Morsella, 2005; Morsella et al., 2011).  

Our paradigm inherits the limitations of both the flanker task and paradigms involving introspection. Regarding 
the latter, it is challenging to verify what participants were introspecting at the moment that they were making their 
judgment about the urge to err. Self-reports are far from infallible, even if they occur just seconds after the relevant 
conscious experience (Block, 2007). Moreover, one cannot rule out that judgments were based on 
self-observations involving RT performance, accuracy, or on folk beliefs regarding how one should comport 
oneself in an experiment about response interference (see treatment of this issue in Wilson et al., 2009). Despite 
these limitations, our subjective effects were systematic and replicated the patterns of results found with more 
extensive experimentation using the flanker task (Morsella et al., 2011; Wilson et al., 2009). 

Regarding the flanker task, one limitation inherent in all versions of this paradigm (Coles, Gratton, Bashore, 
Eriksen, & Donchin, 1985; Eriksen & Eriksen, 1974; Eriksen & Schultz, 1979; van Veen et al., 2001) is that 
response interference still features some perceptual interference, possibly rendering it more complicated than the 
latter. Unfortunately, a flanker-like paradigm that can induce response interference without also invoking 
perceptual interference has yet to be developed. Hypothetically, this could be instantiated by having targets and 
distractors be perceptually identical but somehow cue different responses, if such a scenario is possible.  

Nevertheless, as mentioned above, there is evidence that response interference is qualitatively distinct from 
perceptual interference and that its behavioral and subjective effects are not simply the outcome of increased 
difficulty (DeSoto et al., 2001; Gray et al., 2013; Mattler, 2005; van Veen & Carter, 2006; van Veen et al., 2001). 
To illuminate this and other issues, future research using the present paradigm could examine the similarities 
between the neural correlates of both forms of S-R link acquisition (cf., Puttemans et al., 2005). Future research 
may also provide additional evidence for the involvement of working memory in the peculiar Prepared Reflex 
condition (see evidence in Meiran & Cohen-Kdoshay, 2012). Our experiment was not designed to examine 
directly this aspect of processing. In addition, as discussed above, future investigations could also assess whether 
the kind of prepared reflex effect we detected arises in a study in which S-R Acquisition is a pure between-subjects 
factor. In such a study, if flanker effects still are detectable during the first trials of a condition preceded by no form 
of flanker training, then this would serve as strong evidence for a prepared reflex mechanism. 

Despite all the shortcomings, it is worth noting that this examination of the two forms of S-R acquisition was 
embedded within a paradigm (the flanker task) that has stood the test of time and has come to be one of the most 
reliable paradigms in the study of cognitive control and interference. In addition, the subjective effects replicate 
what has been found previously (Molapour et al., 2011; Morsella et al., 2011; Morsella et al., 2009a, 2009b).  
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It is a curious fact that, at this stage of understanding, there is no obvious property in behavioral performance (or 
even in trial-by-trial subjective reports) that can be used to discriminate between the two forms of S-R link 
acquisition. This is noteworthy because the two forms of acquisition do indeed feel very different to the actor. It 
seems that, if such a difference is found, the marker will be associated with working memory performance (Meiran 
& Cohen-Kdoshay, 2012). Unlike automaticity-based performance, such a capability includes conscious rehearsal 
of memoranda (Johnson & Johnson, 2009), which was apparent in our supplemental data collection. It is our hope 
that, by building on our research, future investigtions will further isolate such a potential marker. 
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Appendix A 

Supplemental Data Collection 

For our supplemental data collection, all stimuli and apparatus were identical to those of our principal study with 
three exceptions: (1) participants used a button-box (ioLab Systems: UK) in order to both respond to target letters 
and report imagery, (2) participants’ subjective urges to err were not collected, and (3) the letter O was replaced by 
the letter G in order to avoid any artifacts from having the letters O and K being associated with the same 
button-press response. All responses were made on a button-box that consisted of eight colored buttons: six 
buttons on the top, one on the left side, and one on the right side. Participants were instructed to rest their right hand 
on the top of the button box and maintain contact in this way for the duration of the study. All letter stimuli (the set: 
S, M, P, H, and G, K, F, Z) were in white, 48-point, Helvetica font. All stimuli appeared in the center of a black 
background and were approximately 1 cm2 in size.  

Based on Jantz et al. (2014), participants were given examples of mental imagery and what it means to have visual 
and auditory imagery. Regarding visual mental imagery, the onscreen instructions stated, “Take a moment to 
imagine what a tree looks like. Take a moment to imagine what a car looks like. You have just experienced an 
example of visual mental imagery.” Regarding auditory mental imagery, participants read, “Without saying it 
aloud, take a moment to imagine what the word ‘HOUSE’ sounds like. Take a moment to imagine what the word 
‘FLOWER’ sounds like. You have just experienced an example of auditory mental imagery.” Participants were told 
that they would be asked to report about their mental imagery at a later time. Participants then completed a training 
block and a prepared reflex block. Block order was counterbalanced fully across participants. In the training block, 
participants were trained (n = 128 trials) on letter-to-button associations for one letter set (e.g., S and M; P and H) 
before completing the critical trials (n = 64). As in our principal study, during training trials, participants learned to 
press one button with their right index finger when presented with either of two letters from a set (e.g., S and M) 
and to press another button with their right middle finger when presented with either of two other letters from the 
same set (e.g., P and H).  
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For the critical trials, participants were instructed to press, during the delay, the left-side button on the button box 
with their left hand every time they experienced visual or auditory mental imagery about the letters, the buttons, 
the association of the letters with the buttons, or any mental imagery that would help them perform the task during 
the delay. The experimenter verbally reiterated the example of visual and auditory mental imagery provided at the 
beginning of the study and confirmed with participants that they understood the instructions. Following this 
reminder, the critical trials commenced. Critical trials transpired as follows. “Ready” appeared in the center of the 
screen with a reminder of the letter-to-button associations on the bottom of the screen. Participants pressed a 
button with their right small finger (i.e. pinky finger) to initiate the trial. A fixation (+) appeared in the center of the 
screen (7 s). During this delay, participants used their left hand to pressed the left side-button to indicate that they 
had experienced mental imagery. Then a blank screen appeared (500 ms), followed by a 5-letter flanker array 
appeared in the center of the screen. Because of a software malfunction during data recording, the data from five 
participants were excluded from analysis. Imagery rates were comparable for the two conditions (MPrepared Reflex = 
1.01, SE = .19; MTraining = 0.84, SE = .18), t(27) = 1.437, p = .16.  
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