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Abstract 
 

Perceptual learning can be acquired as a result of experience with stimuli that would 

otherwise be difficult to tell apart, and is often explained in terms of the modulation of 

feature salience by an error signal based on how well that feature can be predicted by the 

others that make up the stimulus. In this paper we show that anodal tDCS at Fp3 directly 

influences this modulation process so as to eliminate and possibly reverse perceptual 

learning. In two experiments, anodal stimulation disrupted perceptual learning (indexed by an 

inversion effect) compared with sham (Experiment 1) or cathodal (Experiment 2) stimulation. 

Our findings can be interpreted as showing that anodal tDCS severely reduced or even 

abolished the modulation of salience based on error, greatly increasing generalisation 

between stimuli.  This result supports accounts of perceptual learning based on variations in 

salience as a consequence of pre-exposure, and opens up the possibility of controlling this 

phenomenon.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Keywords: perceptual learning, tDCS, associative learning, prediction error, salience 
modulation 
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Perceptual learning is fundamental to human cognition. It manifests as an 

enhancement in the ability to distinguish between similar stimuli (that otherwise would be 

very hard to tell apart) as a consequence of experience with them, or with other similar 

stimuli. This enhancement can be apparent in both learning and memory tasks involving these 

stimuli  (e.g. McLaren, 1997). In this paper we will be concerned with those examples of 

perceptual learning that constitute more than just enhanced sensitivity to a stimulus 

dimension, and employ relatively complex stimuli (Mackintosh, 2009).  It is this form of 

perceptual learning that allows the wine connoisseur to distinguish between different wines 

(James, 1890; see Hall, 1980 for a review; and McLaren and Mackintosh, 2000 for an 

analogous experiment with vinegars), the bird watcher to tell one warbler from another, and, 

we would argue (McLaren, 1997; Civile, Zhao, Ku, Elchlepp, Lavric, & McLaren, 2014) the 

rest of us to individuate faces.  

Civile et al (2014) have shown that one consequence of perceptual learning is an 

inversion effect that can be demonstrated when performing an old/new recognition 

experiment with stimuli taken from a familiar (pre-exposed) category. Perhaps the best 

known instance of this phenomenon is the face inversion effect first reported by Yin (1969), 

Civile et al (2014) have recently shown that a similar effect can be obtained with arbitrary, 

artificial stimuli (checkerboards), as long as they meet certain prescriptions. Participants in 

these experiments were first familiarised with checkerboards from two prototype-defined 

categories (by learning to categorize exemplars from both categories), and then given a study 

phase using new checkerboards taken from one of the familiar categories intermixed with 

other checkerboards taken from a novel category. Checkerboards from either category could 

be presented in either an upright or an inverted orientation.  In the later recognition phase 

they had to identify which checkerboards they had seen during the study phase. If the 

checkerboards had been taken from the familiar category then recognition was much better 
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for upright checkerboards than for inverted ones. Orientation made no difference for 

checkerboards taken from the novel category. This inversion effect, first discovered in 

checkerboards by McLaren (1997), parallels that found with Greebles (artificial stimuli that 

share a common spatial configuration) by Gauthier and Tarr (1997) and can be used as a 

marker for perceptual learning. It manifests reliably, and both McLaren (1997) and Civile et 

al (2014) have shown that it is contingent on experience with a prototype-defined category. It 

is for these reasons that we will use it as our main index of perceptual learning in this paper. 

The aim of the research reported in this paper was to investigate the effect of tDCS 

(trans-cranial Direct Current Stimulation, see Utz, Dimova. Oppenlander, & Kerkhoff, 2010 

for a review) to dorsolateral pre-frontal cortex (DLPFC)1 on perceptual learning of the type 

identified by Civile et al (2014). The procedure used by Civile et al (2014) employs a 

categorization phase to pre-expose participants to our stimuli - so we adopted the montage 

(see Figure 1) used by Ambrus, Zimmer, Kincses, Harza, Kovacs, and Paulus (2011), which 

has been shown to affect (and possibly eliminate) the prototype effect otherwise produced by 

training people to categorize stimuli. As we use prototype-defined checkerboard categories in 

our experiments, and formation of a strong representation of the prototype is a pre-requisite 

for perceptual learning according to theories such as MKM (McLaren, Kaye and Mackintosh, 

1989), their Fp3 montage seemed appropriate for our purposes. We speculated that anodal 

tDCS using this montage might disrupt perceptual learning, and if this was the case it could 

eventually enable us to influence the mechanisms controlling representation development. 

Such a result would also have important theoretical implications, and could help us 

discriminate between salience modulation and comparison-based models of perceptual 

learning. 

)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
1)We)do)not)mean)to)imply)that)we)selectively)stimulated)DLPFC,)simply)that)the)electrode)
montage)was)such)that)the)Anode)was)situated)over)this)region)(at)Fp3).)tDCS)using)35)cm2)

electrodes)does)not)have)a)particularly)focal)effect.)
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Method 

Participants  

The first experiment (N=16 per group) was run in Exeter with undergraduates as 

participants. The second experiment (N=36 per group) was run in two replications, 16 per 

group in Shanghai, China, and 20 per group in Exeter, UK, again with undergraduates as 

participants. The permissible age range was 18-35 in both experiments; and the mean age in 

Experiment 1 was 20 with 72% females, and in Experiment 2 the mean age was 22 with 75% 

females. Analyses with replication as a factor showed that it did not interact significantly 

with any others in this experiment (max. F(1,68)=1.83, p=.18 uncorrected for multiple 

comparisons), nor does its inclusion materially change our analysis and so we collapsed over 

it. All participants gave informed consent before taking part in these experiments, which were 

approved by the ethics committee at the University of Exeter. 

Stimuli  

These were 16x16 checkerboards containing approximately 50% black and 50% white 

squares. Four prototypes were created that were constrained to share 50% of their squares 

with one another, and also to consist of relatively clearly demarcated regions of black and 

white. This was achieved by making the color of a given square depend on that of its 

neighbors, such that if they were predominantly black then it was likely to be black and vice-

versa.  Exemplars were generated from the prototypes by adding noise (examples can be seen 

in the lower panels of Fig. 1). A randomly chosen 96 squares would be set at random in a 

given prototype to generate an exemplar of that category. We used 128 checkerboard 

exemplars from each of the four categories in this experiment, though not all of these stimuli 
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would be used for a given participant. The stimuli used in the experimental phases were 

counterbalanced across subjects, such that each stimulus was used equally often as one drawn 

from a familiar category and as one drawn from a novel category. 

tDCS  

All participants first completed a brain stimulation safety-screening questionnaire. 

Stimulation was delivered by a battery driven constant current stimulator (Neuroconn) using 

two electrodes in 5cm x 7cm pieces of water-soaked synthetic sponge. One electrode was 

placed over the left PFC (Fp3) and the reference electrode was placed on the forehead, just 

above the right eyebrow (see Figure 1). Current was applied 1.5 min before the participants 

began the categorization task (whilst listening to instructions) and throughout categorization, 

and lasted for about 8.5 min (making 10 min stimulation in total). tDCS was delivered with 

an intensity of 1.5mA, and a fade-in and fade-out of 5 sec for the Anodal and Cathodal 

groups. Sham received the same 5 sec fade-in and fade-out, but only 30 sec stimulation 

between them, which terminated before categorization commenced. The electrodes were left 

on the participant throughout the experiment. We used a double-blind procedure. One 

experimenter ran the participant, and another set up the stimulation according to 

specifications provided by a third party. The connections to the stimulator were concealed so 

that the polarity of stimulation could not be determined during the session. 

Behavioral Procedure  

Participants were pre-exposed to two prototype-defined checkerboard categories 

during tDCS (categorization phase). This phase took approximately 11 minutes, and began 

1.5 minutes after stimulation commenced. The next phase began immediately, in which they 

studied a number of exemplars drawn from one of the familiar categories and from another 

novel category, in either upright or inverted orientations (study phase). Clearly the use of 
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"upright" and "inverted" to describe the stimuli drawn from the novel category requires 

further explanation. In the case of this novel category, they have meaning in the sense that 

they are defined by the orientations used for these stimuli when employed as exemplars of the 

familiar category for other participants as a consequence of our counterbalancing (see next 

section for some further discussion of this point). This phase took approximately 4.5 minutes. 

They then immediately moved on to the recognition task (test phase) in which they had to 

classify checkerboards from both categories as either “old” (studied) or “new” (not studied). 

This took approximately 11 minutes. 

Pre-exposure phase. In the pre-exposure phase, participants had to categorize 

checkerboard stimuli into two classes A vs. B. They saw 64 exemplars of each category (128 

stimuli in all) and had to classify these exemplars by trial and error. A fixation cross was first 

shown for 1 sec, followed by a checkerboard, after which participants then had 4 sec to make 

their classification. They were given feedback immediately afterwards. One of these 

categories later served as the familiar category in the experiment. None of the exemplars used 

in this phase were employed in the later phases of the experiment. The purpose of this phase 

was more to expose participants to the categories than to succeed in training them in this 

classification. Nevertheless, in Experiment 1 mean categorization accuracy was 80.0% 

(SE=4.8%) correct for Anodal participants and 77.1% (SE=5.1%) for Sham participants, both 

being well above chance and not significantly different from one another. Similarly mean 

categorization accuracy in Experiment 2 was 78.7% (SE=3.2%) correct for Anodal 

participants and 77.9% (SE=3.5%) for Cathodal participants, again both values are above 

chance and do not significantly differ from one another. 

Study phase. In the study phase, 64 checkerboard stimuli were shown one at a time in 

a random order for 3 sec each. All the checkerboards in this phase were novel to the 

participant. 16 of them were exemplars drawn from the familiar category shown in an upright 
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orientation, i.e the orientation defined by experience of that category, 16 were exemplars 

from that familiar category but shown in an inverted orientation (i.e. rotated by 180°), 16 

were exemplars taken from a category that was novel to that participant and shown in an 

upright orientation, and 16 were inverted exemplars from that novel category.  

Test phase. In the test phase 128 stimuli were shown in total. Half of these were the 

64 checkerboards studied earlier ("old" items) presented in the same orientation as during 

study, and another 64 were new checkerboards not seen in the study phase (or earlier) chosen 

so as to match those in the "old" set for category and orientation. This "new" set thus had 

another 16 upright and 16 inverted exemplars drawn from the familiar category, and 16 

upright and 16 inverted exemplars taken from the novel category. Stimuli were presented one 

at a time and participants had to respond "old" or "new" within 4 sec, indicated by pressing 

one of two computer keys, "." and "x" counterbalanced across participants. Their accuracy 

scores were then converted into d' measures2.  

We use a number of planned comparisons in the analyses that follow, because our 

design and counterbalancing of stimuli lends itself to this approach, and because we have a 

considerable amount of data obtained with these stimuli and procedures on which to base our 

predictions for the control conditions. Following Civile et al (2014), our primary measure is 

the inversion effect given by comparing performance on upright and inverted exemplars 

taken from a given category. This difference is predicted on the basis of the experiments 

reported in Civile et al (2014) to be positive for the familiar category and is assessed by a 

one-tailed test. Comparison of this difference for the familiar category (which should be large 

and positive as a result of pre-exposure) to the same difference in the control stimuli (which 

should not be, but, given that we use a restricted set of stimuli, will be influenced by any 

)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
2)We)also)computed)the)complementary)measure)of)bias,)but)none)of)the)analyses)using)
this)measure)produced)significant)results)so)they)are)not)mentioned)here.)



Switching)off)perceptual)learning) 9)

inadvertent difference in discriminability for upright and inverted exemplars) enables us to 

further assess the evidence for perceptual learning in this experiment, and we also use a 1-

tailed here in assessing this interaction between our Familiarity and Orientation factors. We 

then further decompose this effect by comparing performance on upright exemplars taken 

from familiar and novel categories. This comparison is appropriate because the same stimulus 

sets are rotated across participants as part of our counterbalancing; so that each upright 

stimulus in the familiar category for a given participant will equally often serve as an upright 

stimulus from the novel category for other participants. Finally, we also assess whether 

performance is above chance in our control conditions, and for this we use a one-tail test 

against a mean of zero both on performance for the upright stimuli taken from a familiar 

category, and the average of performance on the novel stimuli, as these are the stimuli that we 

can make unambiguous predictions for. Civile et al (2014) found that performance on the 

inverted stimuli from the familiar category was reliably depressed in their experiments. All 

other tests except where noted are two-tail. 

Results 

Experiment 1  

Experiment 1 (N = 16 per group) compared recognition performance after anodal or 

sham tDCS. We report significant and near significant results along with measures of 

variability (Standard Error or Mean Square Error) and effect size (Cohen's d followed by the 

95% confidence interval for d). 

Figure 1 about here please 

 We expected sham stimulation to allow the usual inversion effect for familiar 

category exemplars to manifest and begin with an analysis of the Sham condition to establish 

our baseline. As predicted, in the Sham condition ANOVA using factors of Familiarity 
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(Familiar vs. Novel category) and Orientation (Upright or Inverted) revealed that the 

interaction between Familiarity and Orientation was significant, F(1,15)=12.59, MSE=0.08, 

p=.001 1-tail, d=1.02, CI=1.36, 0.39. We also observed an inversion effect for familiar-

category exemplars as assessed by a planned comparison, Upright better than Inverted, 

t(15)=1.86, SE=0.15, p = .041 1-tail, d=0.52, CI=0.89, 0.02, but not for novel-category 

exemplars under Sham stimulation (cf. Civile et al., 2014). Thus, our standard perceptual 

learning effect is present in the Sham participants. Participants do find this task difficult with 

these stimuli, as witness the generally low d' scores in Figure 1. Baseline performance on 

these stimuli is set by the novel stimuli for Sham participants, but note that the impression of 

higher performance on the control stimuli in the Sham condition given by Figure 1 is due to 

the superior performance on the inverted stimuli drawn from the novel category compared to 

those from a familiar category. This reflects the depressed performance expected on the 

inverted stimuli from the familiar category established in Civile et al (2014).  Analysis of the 

upright stimuli from the familiar category, t(15)=2.05, SE=0.096, p=.029 1-tail, d=0.51, 

CI=0.94, 0.07 and of the averaged control stimuli from the novel category, t(15)=1.92, 

SE=0.11, p=.037 1-tail, d=0.48, CI=0.91, 0.04, confirms that performance was above chance 

in the Sham condition. It is not appropriate, given the existence of the inversion effect, to 

require that performance on the inverted exemplars from the familiar category be above 

chance, but it did not differ significantly from chance, t<1.  

In the Anodal group, however, the Familiarity by Orientation interaction was not 

significant and there was no inversion effect for familiar-category exemplars (Upright was 

not better than Inverted). This difference between conditions resulted in a near significant 

Familiarity by Orientation by Stimulation (Anodal vs. Sham) interaction, F(1,30)=4.07, 

MSE=0.24, p = .053, d=0.71, CI=1.02, -0.02. In fact, performance in the Anodal condition on 

the novel-category upright exemplars was numerically superior to that on familiar-category 
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upright exemplars, an effect that also approached significance, t(15)=2.08, SE=0.22, p = .055, 

d=0.78, CI=1.04, -0.01, and is the opposite of what might be expected as a result of 

perceptual learning on the basis of our previous studies. Finally, a direct comparison of 

performance on familiar upright exemplars also reveals that it was somewhat higher in the 

Sham group than in the Anodal group t(30)=2.02, SE=0.18, p=.053, d=0.71, CI=1.02, -0.02. 

Thus, anodal tDCS appears to have abolished the perceptual learning that would otherwise 

occur as a result of pre-exposure. Absolute performance on either the upright or inverted 

stimuli from the familiar category does not differ from chance, but performance for the novel 

category (assessed as the average of the two stimulus orientations) was actually numerically 

better than that in the Sham condition and differed significantly from chance, t(15)=2.64, 

SE=0.10, p=.009 1-tail, d=0.66, CI=1.11, 0.19. Therefore, the absence of an inversion effect 

in the Anodal group cannot be attributed to overall poor performance or a general failure to 

learn and remember. Instead, it appears to be specific to the exemplars shown during pre-

exposure.  

Experiment 2 

In Experiment 2 (N = 36 per group, mean age 21.5 yrs., 75% female), we used 

cathodal stimulation as a control for the sensation of experiencing a 1.5mA current 

throughout exposure to the stimuli (Sham stimulation in Experiment 1 was only given for 30 

sec). Our predictions for the Cathodal group were that the inversion effect should be the same 

as or stronger than that in the Sham group in Experiment 1 (given that this is the reverse 

polarity to Anodal stimulation), and our predictions for the Anodal group were that this 

inversion effect would be eliminated and possibly reversed based on the results of 

Experiment 1. This general pattern was present in our data, this time giving rise to a 

significant overall three-way Familiarity by Orientation by Stimulation interaction, 

F(1,70)=4.28, MSE=0.195,  p = .042, d=0.48, CI=0.68, 0.01. The Familiarity by Orientation 
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interaction in our control condition was not significant this time, F(1,35)=1.90, MSE=0.183, 

p = .085 one-tailed, d=.31, CI=0.51, 0.10, but our standard perceptual learning effect was 

present in the Cathodal condition, with the familiar-category exemplars producing an 

inversion effect, Upright better than Inverted, t(35)=1.84, SE=0.113, p = .037 one-tailed, 

d=0.38, CI=0.59, 0.02 that was absent in the novel-category exemplars. Performance on 

upright exemplars from the familiar category was significantly better than chance in this 

condition, t(35)=2.89, SE=0.07, p=.003 1-tail, d=.48, CI=0.77, 0.19, but performance on 

inverted exemplars from this category was not, nor was the averaged performance on 

exemplars from the novel category, both ts<1.    

Consistent with Experiment 1, the inversion effect for exemplars drawn from a 

familiar-category was absent in the Anodal group. Again, there was evidence that novel-

category upright exemplars were better recognised than familiar-category exemplars in this 

group, t(35)=2.03, SE=0.104,  p = .05, d=0.42, CI=0.67, -0.01, which is opposite to what 

would be conventionally expected and opposite to the numerical effect in the Cathodal 

condition. As a consequence, performance on familiar category upright exemplars in the 

Cathodal group was significantly superior to performance on the same exemplars in the 

Anodal group, t(70)=2.97, SE=0.10, p = .004, d=0.70, CI=0.839, 0.146. Overall performance 

in the Anodal condition was poor, with none of the stimuli producing learning that differed 

significantly from chance, max t(35)=1.3. Nevertheless, when combined with the results of 

Experiment 1, the most comprehensive interpretation of these results is that anodal tDCS has 

had a selective effect on performance to upright exemplars drawn from the familiar category. 

There is also some evidence for a reversal of perceptual learning (i.e. enhanced 

generalisation) in the Anodal condition. 
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Discussion 

Over two studies we have demonstrated that the inversion effect, our index of 

perceptual learning, that otherwise occurs in our control conditions is abolished, and even 

reversed by anodal tDCS  to Fp3. We will now argue that this has important ramifications 

both for our understanding of what tDCS does, and for theories of perceptual learning. It also 

opens the door to possible applications of this technique in controlling perceptual learning in, 

for example, face processing. 

We begin with the implications for our understanding of the effects of tDCS and it's 

impact on the inversion effect. The conventional result is for anodal tDCS to enhance 

learning by virtue of increasing cortical excitability (see e.g. Kincses, Antal, Nitsche, Bartfai 

and Paulus, 2003;  Fregni, Boggio, Nitsche, Bermpohl, Antal, Feredoes et al, 2005 for 

examples; and Fertonani, Pirulli and Miniussi, 2011 for an example of an improvement in a 

different type of perceptual learning). Here, we have demonstrated something different; that 

anodal tDCS to Fp3 abolishes the inversion effect that would otherwise occur in our task. 

Instead of performance to upright exemplars drawn from a familiar category being superior to 

that for inverted exemplars drawn from the same category, as was the case for our control 

conditions, performance was numerically worse. In order to establish the lack of any 

inversion effect (defined as the difference between performance on the upright stimuli and 

inverted stimuli taken from the familiar category) in our data we computed Bayes factors 

using a half normal distribution starting at 0 (see Dienes, 2011) for this effect under anodal 

stimulation in each of our experiments using the control condition in each experiment to 

provide the necessary priors (the SD). The combined Bayes factor for the two experiments 

(obtained by multiplying the separate Bayes factors) was B=0.16, good evidence for the 

hypothesis that the effect in this condition was drawn from the null distribution (mean of 

zero) rather than that of the controls showing the inversion effect. This analysis confirms that 
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anodal tDCS using our electrode montage has eliminated perceptual learning in this 

paradigm. In the absence of anodal stimulation, perceptual learning would confer an 

advantage that leads to the inversion effect found by Civile et al (2014) that is replicated here 

in our controls. This is, as far as we are aware, the first such demonstration of its kind. It is a 

quite striking empirical result, as it suggests that it may be possible to “turn off” perceptual 

learning in humans by means of anodal tDCS stimulation using our current electrode 

montage, in effect controlling perceptual learning in our participants. 

Furthermore, performance on upright exemplars taken from the familiar category was 

worse after anodal stimulation than after sham or cathodal stimulation (although the 

difference with sham just failed to reach significance). In both experiments, we also found 

that, under Anodal stimulation, performance on upright exemplars taken from the familiar 

category was worse than performance on novel exemplars. Combined, these findings suggest 

that anodal stimulation not only abolished the advantage in discrimination that perceptual 

learning confers, but actually increased generalisation between stimuli that were taken from 

the familiar category. In a moment we will explain how this might fit with salience 

modulation theories of perceptual learning, but first we will consider how this result fits into 

an account based on comparison between stimuli over the course of experience with them 

(see for example Mundy, Dwyer and Honey, 2006; Mundy, Honey and Dwyer 2007, Wang, 

Lavis, Hall and Mitchell, 2012; Jones and Dwyer, 2013). The general idea here is that 

comparison between stimuli helps participants discover the important differences between 

them, and that this later assists in discrimination. We have at least two problems with such an 

account of our results. The first is that it does not easily explain the basic effect in our 

controls (as we argue in Civile et al, 2014). To succeed in the recognition task, discrimination 

both between and within categories is necessary. It is hard to see how within-category 

discrimination would be improved by comparison of a set of stimuli during pre-exposure that 
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are not used for the recognition task, given that the changes made to the prototype in order to 

generate exemplars are random. And there is no ready explanation for why the effect is only 

obtained with prototype-defined categories, not others of equal difficulty and learnability.  

But the second reason concerns the novel result reported here. It could be argued that anodal 

tDCS had in some way disrupted or prevented comparison from taking place or proving 

beneficial - thus leading to a loss of perceptual learning. But it is hard to see how this could 

lead to what is effectively a reversal of the effect, enhanced generalization, as this would 

require something less than "zero" comparison, and it is not at all clear what this could be. 

 Turning now to other accounts of perceptual learning, given that we already have 

some evidence that points to the modulation of feature salience on the basis of error as one 

mechanism for perceptual learning (the dependence on category familiarity and the category 

being prototype-defined in McLaren, 1997 and Civile et al, 2014; the midpoint result in 

Experiment 2 of Mundy, Honey and Dwyer, 2007; see Mitchell and Hall, 2009 for a 

discussion), our departure point is the MKM theory of perceptual learning which attributes 

the effect to the differential latent inhibition of the common elements representing the stimuli 

(see McLaren, Kaye, & Mackintosh, 1989; McLaren & Mackintosh, 2000; and McLaren, 

Forrest, & McLaren, 2012). This model represents stimuli as sets of features represented by 

units in an error-correcting associative network (see Fig. 2). The error term controls learning, 

but is also used to modulate unit salience. Thus, the activity (salience) of a unit depends on 

how predicted it is. If it is well predicted by the other active units corresponding to features of 

the stimulus, then its error term will be low and its salience is low as well (latent inhibition). 

But, if its error term is high, then its activity will be high and it will easily enter into new 

associations. The advantage in recognition for upright exemplars taken from a familiar 

prototype-defined category is explained as being due to the relatively high salience of units 

that correspond to features that are distinctive for that exemplar, thus enhancing that 
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exemplar's discriminability. This comes about because the units corresponding to prototypical 

features shared by most exemplars will predict one another well, leading to low error terms 

and low salience. The features that are unique to a given exemplar (or shared by relatively 

few exemplars) will be represented by units that are higher in salience, and so dominate 

learning helping to prevent unwanted generalisation from one exemplar (that has been seen in 

the study phase) to another (that has not). But this effect is contingent on experience with the 

category in an upright orientation, the advantage will be lost if the stimuli are upside down, 

thus leading to the inversion effect.  

Figure 2 about here please 

Figure 2 illustrates the operation of this model (see McLaren, 1997 for a more 

detailed account), and also indicates that if this modulation of salience in terms of error were 

to be disabled then it would produce a quite different effect. The model would revert to 

something similar to that of McClelland and Rumelhart's (1985) model of categorization 

(henceforth M&R), and would then predict a loss, and perhaps even a reversal of perceptual 

learning. This is because the common, prototypical elements would now be the most salient, 

and hence capture learning, leading to greater generalisation between stimuli.)Thus, our data 

are consistent with the idea that 1.5mA anodal tDCS stimulation at Fp3 eliminates this 

modulatory input based on prediction error, leading to a loss of perceptual learning that 

manifests as increased generalisation. The behavioral consequences of this stimulation can be 

modelled by simple delta rule algorithms (M&R), which exhibit the increased generalisation 

between exemplars taken from familiar prototype-defined categories that we see in our data. 

In essence, we are arguing that anodal tDCS to Fp3 can change the system responsible for 

learning from that described by MKM to the original M&R model.  

Another possible interpretation of our results is that rather than having a selective 

effect on perceptual learning and the inversion effect that we have used to measure this, 
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anodal stimulation has instead simply reduced overall learning and hence performance in 

participants in that condition. This explanation is supported by the generally lower d' scores 

for the exemplars drawn from the familiar category under anodal stimulation, but is 

contradicted by the results for the exemplars taken from the novel category. In Experiment 1 

these are higher than for the Sham condition, and in Experiment 2 they do not differ 

significantly from the Cathodal control. For these reasons we consider the explanation in 

terms of a selective effect on the exemplars from the familiar category, i.e an effect on 

perceptual learning rather than learning in general, is to be preferred. 

An implication of our results is that our procedures might be used to effectively 

abolish perceptual learning in face recognition, if we follow the logic dictated by the 

experiments of McLaren (1997), Gauthier and Tarr (1997), Tarr and Gauthier (2000), 

Rossion, Gauthier, Goffaux, Tarr, and Crommelinck (2002), and Civile et al (2014). These 

studies point towards a role for perceptual learning in producing the inversion effect (at least 

in part) in faces. Given that we have abolished the inversion effect produced by perceptual 

learning in the experiments reported in this paper; then by extrapolation anodal tDCS to Fp3 

might be expected to disrupt the face inversion effect as well.  We must be cautious at this 

point, however, as we are not yet in a position to know for certain whether our procedures 

affect pre-exposure effects - and leave already established perceptual learning unaffected - or 

also extend to performance involving stimulus sets that are already familiar. Further 

investigation will be needed to clarify this intriguing possibility. 
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Figure 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: The top panel of the figure illustrates the electrode configuration and the tDCS 

apparatus used in both experiments. The results of Experiment 1 (bottom left panel) and 

Experiment 2 (bottom right panel) are shown below. Open bars are for anodal stimulation and 

hatched bars for control stimulation. The y-axis gives d' scores for the old/new recognition 

task (higher=better, 0=chance), and the four different stimulus conditions are shown on the x-

axis with illustrative exemplars derived from the relevant prototype (example given at top). 
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Figure 2 
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Figure 2: The top panel illustrates how modulation driven by prediction error can be used to 

influence feature salience. Stimuli are represented as sets of elements (each stimulus set 

contained within one circle) that can associate with one another in the Auto-Associative 

Module. The modulator determines element salience based on that element's prediction 

error. The result, shown in the temperature diagram right, is that stimulus features that 

are more predictable become less active (darker shading) leading to reduced salience 

and hence slower learning as a consequence of pre-exposure. This improves 

discrimination between members of a prototype-defined category as it relies upon the 

less predictable features unique to each stimulus. The bottom panel shows how 

removing this modulatory input reverses this effect, making the common, prototypical 

features of the stimuli the most salient (lighter shading). 

 


