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Abstract

We report a large study examining the effects of tDCS on the 
FIE. Subjects randomly assigned to one of the four tDCS 
groups and engaged with an old/new recognition task involving 
upright and inverted faces. 1) Sham tDCS during the study 
phase and recognition task; 2) Anodal tDCS during the study 
phase followed by sham tDCS during the recognition task; 3) 
Anodal tDCS during the study phase followed by cathodal 
tDCS during the recognition task; 4) Cathodal tDCS during the 
study phase followed by sham tDCS during the recognition 
task. Group 2 confirmed that anodal tDCS reduces the FIE vs. 
sham (Group 1) by disrupting performance for upright faces. 
Group 3 showed that cathodal tDCS applied after anodal, 
increased the FIE vs. Group 2, bringing it back to sham level, 
by enhancing upright faces.  Group 4 revealed that cathodal 
tDCS applied after sham has no effect on the baseline FIE.  

 
Keywords: Face Inversion Effect; Face Recognition; 
Perceptual learning; tDCS 

Introduction 

The face inversion effect (FIE) is the phenomenon 
where recognition performance is impaired when we are 
presented with upside-down faces, as opposed to when 
the same faces are presented upright (Yin, 1969). 
Initially, this pronounced effect served as an indicator of 
the face-specific nature of recognition processes, 
evidenced by a greater inversion effect for faces than for 
other stimuli such as houses or cars (Yin, 1969; 
Valentine, 1988; Maurer et al., 2002 for a review). This 
view was later contested when Diamond and Carey 
(1986) demonstrated a similar inversion effect with dog 
images among dog breeders, indicating that expertise, 
rather than face specificity, might drive this effect.  

In 1997, two main studies bolstered the perceptual 
expertise hypothesis. Gauthier and Tarr (1997) found that 
familiarization with artificial stimuli called Greebles 
enhanced recognition performance in their upright 
orientation but not when inverted. Participants were 
better at identifying parts within a familiar Greeble's 
configuration when shown upright, even though the 
inversion effect wasn't directly measured. This study 
highlighted how pre-exposure to novel stimuli in an 
upright orientation improved performance. Similarly, 
McLaren (1997) showed that pre-exposure to prototype-

defined categories of non-orientated artificial stimuli 
(checkerboards) led to an inversion effect via a matching 
task. Building on McLaren's work, Civile, Zhao, et al. 
(2014) used the same checkerboard stimuli in an old/new 
recognition task, commonly used in face recognition 
research, to examine the inversion effect. Results 
indicated a robust inversion effect for checkerboards 
associated with familiar categories versus novel ones 
(see also McLaren and Civile, 2011). These findings 
were framed using the MKM model (McLaren et al., 
1989; McLaren and Mackintosh, 2000; McLaren et al., 
2012), which suggests that the modulation of salience 
through error contributes to perceptual learning 
underpinning the inversion effect for both checkerboards 
and faces. 

To delve deeper into the mechanisms underlying the 
inversion effect and explore how to modulate them, 
Civile, Verbruggen et al. (2016) adapted a transcranial 
Direct Current Stimulation (tDCS) procedure, originally 
utilized in learning and categorization research (Ambrus 
et al., 2011), to their checkerboard inversion effect 
paradigm. Ambrus et al. employed a bilateral bipolar-
non-balanced montage, positioning the anode over the 
target stimulation area (Fp3), which fMRI studies have 
identified as highly active in categorization tasks (Seger 
et al., 2000), and the cathode/return over the opposite 
supraorbital area (Fp2) during a categorization learning 
task. Their results demonstrated that active anodal tDCS 
could diminish the prototype distortion effect. McLaren 
et al. (2016) expanded these findings with the same tDCS 
setup applied to categorization learning using the 
prototype-defined checkerboards from Civile, Zhao et al. 
(2014). In the study by Civile, Verbruggen et al. (2016), 
this method applied to the checkerboard inversion effect 
showed that anodal tDCS reduced the inversion effect 
compared to sham/control tDCS, due to disrupted 
recognition of upright familiar checkerboards. The 
procedure was then extended to the FIE, revealing that 
anodal tDCS reduced FIE compared to sham/control 
tDCS and an active control group using a different tDCS 
target area, by impairing recognition performance for 
upright faces (Civile, Obhi et al., 2017; Civile, McLaren 
et al., 2018; Civile, Obhi et al., 2019; Civile, Cooke et al., 
2020). These findings suggest shared underlying 

1499
In D. Barner, N.R. Bramley, A. Ruggeri and C.M. Walker (Eds.), Proceedings of the 47th Annual Conference of the Cognitive Science
Society ©2025 the author(s). This work is licensed under a Creative Commons Attribution 4.0 International License (CC BY).

mailto:c.civile@exeter.ac.uk
mailto:gw505@exeter.ac.uk


mechanisms in the inversion effects for both 
checkerboards and faces, providing evidence that 
perceptual learning plays a main role in FIE.  

According to the MKM model of perceptual learning 
(McLaren et al., 1989; McLaren and Mackintosh, 2000; 
McLaren et al., 2012), when observers are pre-exposed 
to category exemplars, they tend to focus on features 
shared between the exemplars and the category 
prototype. These common features become strongly 
linked to the category, which reduces their salience due 
to a lower prediction error. In contrast, unique and 
unpredictable features of each exemplar retain their 
salience because they aren't subject to the same 
reduction. This modulation of feature salience is crucial 
for perceptual learning, allowing observers to 
concentrate on unique features and recognize exemplars 
from the same category when presented upright, which is 
the orientation learned during pre-exposure. Upon 
inversion, this mechanism falters because the new, 
unfamiliar spatial arrangement of features makes them 
less predictable, disrupting the usual salience balance 
between common and unique features in upright stimuli. 
Anodal tDCS further disrupts this salience modulation, 
enhancing generalization over discriminability. As a 
result, common features become more prominent due to 
mutual activation, while unique features lose salience 
because they lack additional activation. This shift in 
perceptual learning reduces the ability to differentiate 
between upright faces, causing them to appear more 
similar and thus diminishing the inversion effect. This 
explanation is further corroborated by simulation work 
using a Matlab-based MKM model that simulates the 
impact of tDCS on the inversion effect (Civile, McLaren 
et al., 2023). 

It is vital to highlight the critical manipulations made 
to the specific tDCS montage and behavioral paradigms 
aimed at enhancing our understanding of how anodal 
tDCS over the Fp3 region modulates the FIE. For 
example, Civile, McLaren et al. (2018, Experiment 3) 
conducted an active control study where the tDCS 
montage targeted a different scalp area, the right Inferior 
Frontal Gyrus (rIFG), to determine if this stimulation 
would evoke the same effects on the FIE as observed 
with anodal tDCS at the Fp3 site. The rIFG was chosen 
because prior research indicated that tDCS applied over 
this area was effective in various tasks, such as go/no-go 
tasks (Cunillera et al., 2014, 2016; Stramaccia et al., 
2015). However, no studies had previously examined the 
influence of tDCS at the rIFG on perceptual learning 
tasks. The results demonstrated a robust FIE in both sham 
and anodal groups, with no significant differences 
between them. This finding suggests that targeting any 
other scalp region does not replicate the tDCS effects 
observed at Fp3. Similarly, Civile, McLaren et al. (2021) 
investigated whether anodal stimulation over the PO8 
site—identified as relevant based on ERP findings 
related to the N170 component (Civile, Waguri et al., 
2024; Civile, Waguri et al., 2020; Civile, Elchlepp, et al., 
2018; Civile, Elchlepp et al., 2012a,b; Rossion et al., 
2002; Busey & Vanderkolk, 2005)—would impact face 

recognition, as indexed by the composite face effect. The 
PO8 site had previously been employed by Yang et al. 
(2014) and Renzi et al. (2015) to evaluate tDCS effects 
on the composite face effect. Although Yang et al. found 
some evidence of tDCS modulation, Renzi et al. did not 
replicate these findings and observed no significant 
effects of tDCS. In their study, Civile, McLaren et al. 
(2021) found that anodal tDCS at both PO8 and Fp3 did 
not affect the composite face effect. However, anodal 
tDCS at Fp3 led to a reliable decrease in overall 
recognition performance, which was anticipated since 
the task involved all upright faces. More recently, Civile, 
McCourt et al. (2025) tested the effects of anodal tDCS 
at Fp3 with the return channel positioned at Cz (as an 
active control) compared to the return channel at Fp2 (the 
established procedure). The results indicated that anodal 
tDCS at Fp3 did not influence the inversion effect for 
either checkerboards or faces when the return channel 
was at Cz. Collectively, the findings from these active 
control studies underscore the importance of the specific 
tDCS montage (anodal tDCS at Fp3 with return channel 
at Fp2) in achieving the desired effects on the FIE. 

In subsequent research, the tDCS procedure was 
adapted for a matching task designed to ensure 
comparable performance levels between face and 
checkerboard stimuli (Civile, Quaglia et al., 2021). The 
findings confirmed that anodal tDCS at Fp3, with the 
return channel at Fp2, led to a reduced inversion effect 
for both faces and checkerboards compared to 
sham/control tDCS. For both types of stimuli, this 
reduction in the inversion effect during the anodal 
condition was primarily attributed to impaired 
recognition performance for upright stimuli. 
Additionally, Civile, McLaren et al. (2020) examined 
how the timing of anodal tDCS delivery—during the 
study phase versus the recognition phase of an old/new 
recognition task—affected the FIE. The results were 
significant, indicating that in both conditions, the FIE 
was considerably impaired due to disrupted recognition 
performance for upright faces in comparison to the sham 
condition. This supports the immediate effects of anodal 
tDCS on the FIE. Overall, the findings from studies 
targeting the Fp3 site demonstrate that anodal stimulation 
significantly diminishes the FIE by reducing recognition 
performance for upright faces, with no observable effects 
on inverted faces. 

In recent research, Civile, McCourt et al. (2024) 
explored, for the first time, the effects of reversed 
polarity tDCS (cathodal stimulation) on the FIE at the 
Fp3 site. Each participant underwent two tDCS 
sessions—one during the study phase and another during 
the recognition phase of an old/new recognition task—
totalling 20 minutes of stimulation. Participants were 
randomly assigned to one of three tDCS groups: 1) Sham 
tDCS during both phases (control group); 2) Anodal 
tDCS during the study phase followed by sham tDCS 
during recognition; and 3) Anodal tDCS during the study 
phase followed by cathodal tDCS during recognition. 
The results from the anodal-sham group confirmed a 
reduction in the FIE compared to the sham-sham group, 
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consistent with previous literature on the effects of 
anodal tDCS (e.g., Civile, McLaren et al., 2018). 
Notably, the reduction in the FIE observed in the anodal-
sham group was significantly different from the robust 
FIE recorded in the anodal-cathodal group, which 
exhibited levels similar to the control group. This 
provides the first evidence in the literature indicating that 
cathodal stimulation following anodal stimulation can 
restore the FIE to a level comparable to the control group, 
suggesting that cathodal tDCS can effectively reverse the 
effects of anodal tDCS. Importantly, the restoration of 
the FIE by cathodal tDCS was attributed to enhanced 
recognition performance for upright faces, returning to 
control levels.  

In the current study, we aim to replicate these novel 
findings and further investigate the effects of cathodal 
tDCS on the FIE. To this end, we conducted a larger 
tDCS study utilizing the same tDCS groups as in Civile, 
McCourt et al.'s (2024) research, alongside an additional 
group receiving cathodal tDCS during the study phase 
followed by sham tDCS during the recognition phase. 
This new group reflected the procedure of the anodal-
sham group but centered on cathodal tDCS. The 
objective is to determine whether the effects of cathodal 
tDCS specifically reverse the impacts of anodal tDCS on 
the FIE or if they produce a general enhancement of 
performance for upright faces, even from baseline 

 

Method 

Subjects 

A total of 160 participants (112 female, mean age = 
20.5 years) took part in the study, all of whom were 
students at the University of Exeter. Participants 
participated for either monetary compensation or course 
credit. Subjects were randomly assigned to one of the 
four tDCS groups, with 40 individuals in each group. All 
methods were conducted following the relevant 
guidelines and regulations, as approved by the 
Psychology Research Ethics Committee at the University 
of Exeter. Informed consent was obtained from all 
participants. The sample size was determined based on 
the work of Civile, McCourt et al. (2024), which utilized 
the same old/new recognition task, included stimuli 
counterbalancing, followed the same tDCS procedure, 
and employed a double-blind between-subject design.  

Materials 

The study utilized the same set of stimuli as Civile, 
McCourt et al. (2024), comprising 128 male and 128 
female face images, which were standardized to 
grayscale and displayed on a black background. These 
images were sourced from the Psychological Image 
Collection at Stirling open database (pics.stir.ac.uk) and 
had also been employed in previous tDCS and FIE 
research (e.g., Civile, McLaren et al., 2018; Civile, Obhi 
et al., 2019; Civile, McLaren et al., 2020; Civile, 
McLaren et al 2022). Each stimulus measured 5.63 cm x 

7.84 cm and was presented at a resolution of 1280 × 960 
pixels. The experiment was conducted using SuperLab 
4.0.7b on an iMac computer. Participants were seated 
approximately 70 cm away from the screen displaying 
the images.		

TDCS apparatus and montage 

The tDCS setup and montage used in this study closely 
mirrored that of Civile, McCourt et al. (2024), with the 
addition of a new group receiving cathodal tDCS 
followed by sham tDCS. Stimulation was delivered using 
a battery-driven constant current stimulator (neuroConn 
DC-Stimulator Plus) equipped with a pair of surface 
sponge electrodes (7 cm x 5 cm, total area of 35 cm²) 
soaked in saline solution, applied to the scalp at the 
designated stimulation sites. A double-blind procedure 
was implemented, relying on the neuroConn study mode, 
in which the experimenter entered numerical codes 
(provided by a separate investigator not involved in 
running the experiment) to switch between ‘active’ 
(anodal or cathodal) and ‘sham’ stimulation. During the 
anodal and cathodal conditions, a direct current of 1.5 
mA was delivered for 10 minutes (including a 5-second 
fade-in and 5-second fade-out) starting as the participants 
began the computer task. The same tDCS setup and 
stimulation parameters were employed in both 
conditions, with the positions of the two electrodes 
swapped. In the anodal condition, a bilateral bipolar-non-
balanced montage was used, with one electrode (anode) 
placed over the target stimulation area (Fp3) and the 
other electrode (cathode/return) positioned on the 
opposite supraorbital area (Fp2) above the right eyebrow. 
This setup is consistent with previous studies (e.g., 
Civile, Verbruggen et al., 2016; Civile, McLaren et al., 
2018; Civile, Obhi et al., 2019; Civile, McLaren et al., 
2020; Civile, McLaren et al., 2023; Civile, McCourt et 
al., 2025). In the cathodal condition, the electrodes were 
reversed, placing the cathode at Fp3 and the anode at 
Fp2, serving as the return channel (Civile, McCourt et al., 
2024). For the sham group (which included subjects 
receiving either anodal or cathodal tDCS setups), the 
same stimulation mode was displayed on the stimulator. 
Participants experienced the identical 5-second fade-in 
and 5-second fade-out, but with the stimulation intensity 
of 1.5 mA maintained for only 30 seconds. This was 
followed by small current pulses delivered every 550 ms 
(0.1 mA over 15 ms) for the remainder of the 10 minutes 
to check impedance levels (Figure 1a). Each participant 
completed two tDCS sessions (one during the study 
phase and one during the recognition phase), totaling 20 
minutes of stimulation. Participants were randomly 
assigned to one of four tDCS groups: 1) Sham tDCS 
during both the study and recognition phases; 2) Anodal 
tDCS during the study phase followed by sham tDCS 
during recognition; 3) Anodal tDCS during the study 
phase followed by cathodal tDCS during recognition; 
and 4) Cathodal tDCS during the study phase followed 
by sham tDCS during recognition. 
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The behavioural task 

The behavioral paradigm was identical to that of 
Civile, McCourt et al. (2024) and consisted of an old/new 
recognition task, where the first tDCS stimulation 
occurred during the study phase and the second during 
the recognition phase. During the study phase, 
participants completed 128 trials. Each trial began with a 
1-s fixation cue displayed in the center of the screen, 
followed by the presentation of a face image for 3-s. The 
faces were evenly divided between male and female, 
with both upright and inverted orientations presented in 
a randomized and intermixed order. No response was 
required from the participants during the study phase; 
instead, they were instructed to memorize as many faces 
as possible. The recognition phase included 256 trials, 
with 50% consisting of stimuli from the study phase and 
the remaining 50% featuring novel stimuli, also evenly 
split between upright and inverted orientations, presented 
one at a time in random order. Each trial commenced 
with a 1-s fixation cue in the center of the screen, 
followed by the face stimulus displayed for a maximum 
of 3-s. Participants responded using the “X” and “.” keys 
to indicate whether they believed a given stimulus had 
been previously shown (i.e., ‘old’) or was novel (i.e., 
‘novel’) in the study phase. The designation of response 
keys was counterbalanced across participants. If no 
response was made within the 3-s, the subject timed out, 
and the next trial began automatically (Figure 1b). 

 

Figure 1. Panel a illustrates the tDCS montage adopted 
in our study. Panel b represents a schematic illustration 
of the behavioural task used in our study. 

 

Results 

In agreement with previous studies (Civile, McCourt 
et al., Civile, McLaren, et al., 2018; Civile, Obhi et al., 
2019; Civile, McLaren, et al., 2020; Civile, McLaren et 
al., 2023; Civile, McCourt et al., 2025) our primary 
measure was accuracy in the recognition task. Accuracy 
for male and female faces was collapsed based on 
previous studies that found no differences between them. 
The data from all the subjects in each experimental 
condition was used to compute a d-prime (d’) sensitivity 
measure for the recognition task where a d= of 0 indicates 
chance-level performance. We assessed performance 
against chance for upright and inverted faces in each 
tDCS group showing that for all conditions we found p < 
.001 for this analysis. Each p-value reported for the 
comparisons between conditions is two-tailed, and we 
also report the F or t value along with effect size (η2p).  

A 2x4 mixed model ANOVA was conducted to 
examine the within-subjects factor of Orientation 
(upright, inverted) and the between-subjects factor of 
tDCS Condition (sham-sham, anodal-sham, anodal-
cathodal, cathodal-sham). This analysis revealed a 
significant main effect of Orientation, F(1, 156) = 
145.35, p < .001, η²p = .48, indicating a robust FIE. There 
was a significant main effect of tDCS Condition, F(1, 
156) = 3.03, p = .031, η²p = .05. This effect was driven 
largely by differences in performance for upright faces 
across tDCS groups. There was also a trend toward a 
significant interaction between Orientation and tDCS 
Condition, F(1, 156) = 2.63, p = .052, η²p = .05. 

Subsequent independent t-tests compared the size of 
the inversion effects (upright – inverted) across each 
tDCS group. These tests confirmed significant 
differences in the FIE between the sham-sham and 
anodal-sham groups, t(78) = 2.51, p = .014, η²p = .07, 
affirming that anodal tDCS reliably reduces the FIE. 
Importantly, there was also a significant difference in the 
FIE between the anodal-sham and anodal-cathodal 
groups, t(78) = 2.11, p = .037, η²p = .05, supporting 
Civile, McCourt et al (2024)’s conclusion that cathodal 
tDCS can reverse the FIE reduction induced by anodal 
tDCS. No significant difference in the FIE was observed 
between the sham-sham and anodal-cathodal groups, 
t(78) = .30, p = .77, η²p < .01, further evidence of 
cathodal tDCS’s ability to restore FIE to baseline. Lastly, 
the absence of a significant FIE difference between the 
sham-sham and cathodal-sham groups, t(78) = .65, p = 
.51, η²p < .01, indicates that cathodal tDCS from baseline 
does not affect the FIE. 

Performance for upright faces alone was compared 
across tDCS groups. In the anodal-sham group, 
performance for upright faces (M = .40, SE = .07) was 
significantly reduced compared to the sham-sham group 
(M = .62, SE = .05), t(78) = 2.28, p = .025, η²p = .06, the 
anodal-cathodal group (M = .70, SE = .06), t(78) = 2.99, 
p = .003, η²p = .10, and the cathodal-sham group (M = 
.63, SE = .06), t(78) = 2.22, p = .028, η²p = .06. No 
differences were found between the sham-sham group 
and both the anodal-cathodal group, t(78) = .89, p = .37, 

a)

b)
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η²p = .01, and the cathodal-sham group, t(78) = .10, p = 
.092, η²p < .01. 

Analysis of inverted face recognition revealed no 
significant difference between the anodal-sham group (M 
= .17, SE = .05) and the sham-sham group (M = .16, SE 
= .05), t(78) = .125, p = .90, η²p < .01. Similarly, no 
significant differences were detected between the anodal-
sham and anodal-cathodal groups, t(78) = 1.31, p = .19, 
η²p = .02, or between the anodal-sham and cathodal-
sham groups, t(78) = .85, p = .40, η²p < .01. Additionally, 
no significant differences were found between the sham-
sham group and both the anodal-cathodal group, t(78) = 
1.49, p = .14, η²p = .02, and the cathodal-sham group, 
t(78) = 1.02, p = .31, η²p = .01 (Figure 2). 

For completeness paired sample t-tests were conducted 
on the FIE for each tDCS group. The sham-sham group 
displayed the expected large FIE (M(difference) = .46, 
SD = .37), t(39) = 7.87, p < .001, η²p = .61. In the anodal-
sham group a reduced but still significant FIE was found 
(M(difference) = .23, SD = .44) t(39) = 3.33, p = .001, 
η²p = .22. In the anodal-cathodal group there was an FIE 
of similar size to that in the sham-sham group 
(M(difference) = .43, SD = .41), t(39) = 6.64, p < .001, 
η²p = .53, as well as in the cathodal-sham group 
(M(difference) = .41, SD = .38), t(39) = 6.73, p < .001, 
η²p = .54. 

Bayes Factor Analysis  

According to the procedure devised by Dienes (2011) 
we conducted a Bayes analysis on the difference between 
the FIE in anodal-sham and anodal-cathodal. We used as 
the priors the differences found in Civile, McCourt et al 
(2024)’s study, setting the standard deviation of p 
(population value | theory) to the mean for the difference 
between the FIE in anodal-sham group vs that in the 
anodal-cathodal group (0.28). We used the standard error 
(0.07) and mean difference (0.20) between the FIE in the 
anodal-sham group vs. that in the anodal-cathodal group 
in our current study. This gave a Bayes factor of 22.57, 
which is very strong evidence (greater than 10, for the 
conventional cut-offs see Jeffrey, 1961; Dienes 2011) 
that these results are in line with Civile, McCourt et al 
(2024) with cathodal tDCS to increase the FIE compared 
to anodal tDCS. We then conducted a Bayes analysis on 
the difference between upright faces in anodal-sham and 
anodal-cathodal. We used as the priors the differences 
found in Civile, McCourt et al (2024), setting the 
standard deviation of p (population value | theory) to the 
mean for the difference between the upright faces in 
anodal-sham group vs that in the anodal-cathodal group 
(0.25) in Civile, McCourt et al (2024). We used the 
standard error (0.07) and mean difference (0.29) between 
the upright faces in the anodal-sham group vs. that in the 
anodal-cathodal group in our current study. This gave a 
Bayes factor of 1537, which is again very strong 
evidence that these results are in line with Civile, 
McCourt et al (2024), supporting the effects of cathodal 
tDCS enhancing performance for upright faces after that 
anodal tDCS has been applied.  

 
Figure 2 reports the results from our study. The x-axis 
shows the stimulus conditions across the three tDCS 
groups, the y-axis shows d’. Error bars represent s.e.m. 
Performance for upright and inverted faces in all tDCS 
groups was significantly above chance (for all conditions 
we found p < .001 for this analysis). 

 

Discussion 

The study reported herein aimed to validate the effects 
observed in the anodal-cathodal group from Civile, 
McCourt et al. (2024) and to investigate the impact of 
cathodal tDCS applied independently from baseline. 
Consistent with the previous findings, the results for the 
anodal-cathodal group indicated that the FIE could be 
reversed to baseline levels, comparable to those in the 
sham-sham group, following the application of cathodal 
tDCS. Bayesian analysis provided additional support for 
cathodal tDCS's ability to counteract the effects induced 
by anodal tDCS on the FIE. This modulation was 
primarily due to the restoration of performance for 
upright faces to normal levels after cathodal tDCS.  

A novel finding from our study was the performance 
of the cathodal-sham group, which exhibited no 
significant effects on the FIE. Unlike the anodal-cathodal 
group, the application of cathodal tDCS from baseline 
did not alter the FIE or the recognition performance for 
upright faces alone. This suggests that the primary 
function of cathodal tDCS is to reverse the effects of 
anodal tDCS on the FIE, rather than to provide a general 
enhancement in face recognition performance. These 
results reinforce the specificity of cathodal tDCS as a 
mechanism for restoring perceptual performance 
disrupted by prior anodal stimulation, rather than serving 
as a tool for enhancing baseline recognition of faces. This 
insight is critical in understanding the effects of anodal 
and cathodal tDCS on the FIE. The lack of effects on the 
FIE or performance for recognizing upright faces in the 
cathodal-sham group indicates that the positive effects 
noted in the anodal-cathodal group cannot be attributed 
to a general enhancement in recognition. Instead, 
cathodal tDCS appears particularly effective in 
counteracting the effects of preceding anodal tDCS, 
supporting the proposed link to perceptual learning 
mechanisms. Reflecting on the foundational study by 
Civile, Verbruggen et al. (2016), which examined the 
effects of anodal tDCS at Fp3 on the checkerboard 
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inversion effect, their results compared baseline cathodal 
tDCS with anodal tDCS. While they did not incorporate 
a control group in the same experiment, they noted that 
anodal tDCS reduced the checkerboard inversion effect 
compared to cathodal tDCS, which exhibited an effect 
size similar to the sham group from a separate study. Our 
current findings, now including a sham-sham group, 
clarify these earlier implications: cathodal tDCS does not 
impact the inversion effect or recognition performance 
when applied from baseline, but it effectively reverses 
the impacts of anodal tDCS on perceptual learning. This 
specificity underscores the role of cathodal tDCS in 
restoring disrupted perceptual processes rather than 
broadly enhancing them. 

Future research should aim to extend the investigation 
by applying cathodal tDCS exclusively during the 
recognition task, following the application of sham tDCS 
during the study phase. This important manipulation has 
yet to be explored and could help address the key 
theoretical question surrounding the current results. 
Despite robust evidence supporting a perceptual 
learning-based explanation for the observed effects, there 
remains a possibility that cathodal tDCS in the anodal-
cathodal group may be contributing to enhanced retrieval 
rather than reversing perceptual learning. It is 
conceivable that anodal tDCS partially affects the 
encoding of facial information during the study phase, 
while cathodal tDCS may enhance the retrieval of the 
remaining encoded information that was not modulated 
by the anodal tDCS. Therefore, a study in which cathodal 
tDCS is delivered during the recognition phase, 
following sham tDCS during the study phase, could 
potentially yield improved recognition performance for 
upright faces compared to the sham condition (i.e., an 
increased FIE). This would suggest that cathodal tDCS 
enhances retrieval from baseline-encoded faces 
following sham stimulation. Conversely, if cathodal 
tDCS shows no significant effects, and the FIE remains 
at baseline levels, this would lend further support to the 
perceptual learning account. Such results would indicate 
that the feature salience modulation mechanism 
underlying perceptual learning is not enhanced from 
baseline by cathodal tDCS. Overall, these future 
investigations will be crucial for clarifying the role of 
cathodal tDCS in both encoding and retrieval processes 
as well as perceptual learning within the context of face 
recognition and the FIE. 

Overall, our work advances the tDCS and perceptual 
learning literature by demonstrating that cathodal 
stimulation can effectively reverse the effects of anodal 
stimulation on the FIE. Importantly, this provides us with 
a tDCS paradigm capable of, within the lab and within-
subjects, initially reducing face recognition abilities—
effectively inducing temporary face-blindness—and 
subsequently restoring those abilities within a total of 20 
minutes of tDCS stimulation (10 minutes each for anodal 
and cathodal stimulation). Thus, we can utilize tDCS to 
first diminish and then enhance the FIE and recognition 
performance for upright faces. 

More broadly, our findings contribute to ongoing 
research examining the effects of tDCS on perceptual 
learning. While these studies differ in their specific 
procedures, they provide valuable context. For instance, 
Pisoni et al. (2015) found that anodal tDCS at the T3 
scalp area significantly reduced performance in a face-
name association learning task compared to sham. In 
another study, Peters et al. (2013) applied anodal tDCS 
to the Oz scalp area during a two-day Gabor patch 
orientation detection task. Their results indicated 
performance improvements for those who received 
cathodal or sham tDCS on the first day, but no 
improvements for those receiving anodal tDCS, 
suggesting that anodal tDCS impaired overnight 
consolidation of perceptual learning. Barbieri et al. 
(2016) showed that anodal tDCS at PO8, with the 
cathode at Fp1, improved face and object recognition 
performance, although the inversion effect was not 
tested. 

Moreover, our results enhance the body of knowledge 
on tDCS and face recognition. For example, Yang et al. 
(2014) investigated anodal tDCS at P8 on face 
recognition, noting a reduced composite face effect size 
but lacking specific statistical analysis regarding 
performance changes. In contrast, Renzi et al. (2015) 
found no modulation of the composite face effect with 
anodal tDCS at the OFA area, aligning with findings by 
Civile, McLaren et al. (2021). However, Renzi and 
colleagues observed a blocking effect on learning 
Mooney faces (black and white distorted faces), 
indicating impaired face detection learning. Additional 
analysis by Costantino et al. (2017) revealed that 
cathodal tDCS at PO8 could induce effects similar to the 
own-race bias, as evidenced by reduced recognition 
performance of Western Caucasian faces by non-
Western Caucasian participants. More recently, Civile 
and McLaren (2022) provided the first evidence that 
anodal tDCS at Fp3 could reduce the own-race bias, 
indexed by the FIE, eliminating the disparity between 
recognizing own-race and other-race faces among 
Western Caucasians. 

Collectively, these results suggest that tDCS can 
modulate perceptual learning and face recognition, 
offering a deeper understanding of the neurocognitive 
mechanisms underpinning these essential skills. 

 
 

References 

Ambrus, G.G., Zimmer, M., Kincses, Z.T., Harza, I., 
Kovacs, G., Paulus, W., et al., 2011. The enhancement of 
cortical excitability over the DLPFC before and during 
training impairs categorization in the prototype distortion 
task. Neuropsychologia 49, 1974–1980 
Barbieri, M., Negrini, M., Nitsche, M. A., & Rivolta, D. 
(2016). Anodal-tDCS over the human right occipital 
cortex enhances the perception and memory of both faces 
and objects. Neuropsychologia, 81, 238–244. 
Busey, T., Vanderkolk, J., 2005. Behavioural and 
electrophysiological evidence for configural processing 
in fingerprint experts. Vis. Res. 45, 431–448. 

1504



Civile, C., Elchlepp, H., McLaren, R., Lavric, A., and 
McLaren, I.P.L. (2012). The face inversion effect and 
evoked brain potentials: Complete loss of configural 
information affects the N170. In N. Miyake, D. Peebles, 
& R. P. Cooper (Eds.), Proceedings of the 34th Annual 
Conference of the Cognitive Science Society, (pp. 1416-
21). Austin, TX: Cognitive Science Society. 
Civile, C., Elchlepp, H., McLaren, R., Lavric, A., and 
McLaren, I.P.L. (2012). Face recognition and brain 
potentials: Disruption of configural information reduces 
the face inversion effect. In N. Miyake, D. Peebles, & R. 
P. Cooper (Eds.), Proceedings of the 34th Annual 
Conference of the Cognitive Science Society, (pp. 1422-
27). Austin, TX: Cognitive Science Society. 
Civile, C., Zhao, D., Ku, Y., Elchlepp, H., Lavric, A., and 
McLaren, I.P.L. (2014). Perceptual learning and 
inversion effect: Recognition of prototype-defined 
familiar checkerboards. Journal of Experimental 
Psychology: Animal Learning and Cognition, 40, 144-
161.  
Civile, C., Verbruggen, F., McLaren, R., Zhao, D., Ku, 
Y., and McLaren, I.P.L. (2016). Switching off perceptual 
learning: Anodal transcranial direct current stimulation 
(tDCS) at Fp3 eliminates perceptual learning in humans.  
Journal of Experimental Psychology: Animal Learning 
and Cognition, 42, 290-296. 
Civile, C., Obhi, S.S., and McLaren, I.P.L. (2017). 
Transcranial Direct Current Stimulation (tDCS) and the 
Face Inversion Effect: Anodal stimulation at Fp3 reduces 
recognition for upright faces. In G. Gunzelmann, A. 
Howes, T. Tenbrink, & E. J. Davelaar (Eds.), 
Proceedings of the 39th Annual Conference of the 
Cognitive Science Society (pp. 1782-87). Austin, TX: 
Cognitive Science Society. 
Civile, C., McLaren, R., and McLaren, I.P.L. (2018). 
How we can change your mind: Anodal tDCS to Fp3 
alters human stimulus representation and learning. 
Neuropsychologia, 119, 241-246. 
Civile, C., Obhi, S.S., and McLaren, I.P.L. (2019). The 
role of experience-based perceptual learning in the Face 
Inversion Effect. Vision Research, 157, 84-88. 
Civile, C., Cooke, A., Liu, X., McLaren, R., Elchlepp, 
H., Lavric, A., Milton, F., and I.P.L. McLaren. (2020). 
The effect of tDCS on recognition depends on stimulus 
generalization: Neuro-stimulation can predictably 
enhance or reduce the face inversion effect. Journal of 
Experimental Psychology: Animal Learning and 
Cognition, 46, 83-98. 
Civile, C., Waguri, E., Quaglia, S., Wooster, B., Curtis, 
A., McLaren, R., Lavric, A., and McLaren, I.P.L. (2020). 
Testing the effects of transcranial Direct Current 
Stimulation (tDCS) on the Face Inversion Effect and the 
N170 Event-Related Potentials (ERPs) component. 
Neuropsychologia, 143, 107470. 
Civile, C., McLaren, R., Waguri, E., and McLaren, I.P.L. 
(2020). Testing the immediate effects of transcranial 
Direct Current Stimulation (tDCS) on face recognition 
skills. In S. Denison, M. Mack, Y. Xu, & B.C. Armstrong 
(Eds.), Proceedings of the 42nd Annual Conference of the 

Cognitive Science Society (pp. 1141-47). Toronto, ON: 
Cognitive Science Society. 
Civile, C., McLaren, R., Milton, F., and McLaren, I.P.L. 
(2021). The Effects of transcranial Direct Current 
Stimulation on Perceptual Learning for Upright Faces 
and its Role in the Composite Face Effect. Journal of 
Experimental Psychology: Animal Learning and 
Cognition, 47, 74-90. 
Civile, C., Quaglia, S., Waguri, E., Ward, W., McLaren, 
R., and McLaren, I.P.L. (2021). Using transcranial Direct 
Current Stimulation (tDCS) to investigate why Faces are 
and are Not Special. Scientific Reports, 11, 4380, 1-11 
Civile, C., & McLaren, I. P. L. (2022). Transcranial 
direct current stimulation (tDCS) eliminates the other-
race effect (ORE) indexed by the face inversion effect for 
own versus other-race faces. Scientific Reports, 12, 1-10. 
Civile, C., McLaren, R., Cooke, A., and McLaren, I.P.L. 
(2022). Using transcranial Direct Current Stimulation 
(tDCS) to influence decision criterion in a target 
detection paradigm.  Journal of Experimental 
Psychology: Animal Learning and Cognition, 48, 383-
395.  
Civile, C., McLaren, R., Forrest, C., Cooke, A., & 
McLaren, I. P. (2023). Modulating perceptual learning 
indexed by the face inversion effect: Simulating the 
application of transcranial direct current stimulation 
using the MKM model. Journal of Experimental 
Psychology: Animal Learning and Cognition, 49, 139-
150 
Civile, C., Waguri, E., and McLaren, I.P.L. (2024). 
Using transcranial Direct Current Stimulation (tDCS) to 
selectively modulate the face inversion effect and N170 
Event-Related Potentials. Perception, 53, 125-142. 
Civile, C., McCourt, S., and Wang, G. (2024). Modulate 
the Face Inversion Effect (FIE): Using transcranial 
Direct Current Stimulation (tDCS) to reduce and enhance 
the FIE. In L. Samuelson, S. Frank, M. Toneva, A. 
Mackey, & E. Hazeltine (Eds.), Proceedings of the 46th 
Annual Conference of the Cognitive Science Society. 
Rotterdam, Netherlands: Cognitive Science Society. 
Civile, C., McCourt, S., and McLaren, R. (2025). 
Modulate Perceptual Learning: Transcranial Direct 
Current Stimulation (tDCS) reduces the Inversion Effect 
for faces and checkerboards. American Journal of 
Psychology. 
Costantino, A. I., Titoni, M., Bossi, F., Premoli, I., 
Nitsche, M. A., & Rivolta, D. (2017). Preliminary 
evidence of “other-race effect”-like behavior induced by 
cathodal-tDCS over the right occipital cortex, in the 
absence of overall effects on face/object 
processing. Frontiers in Neuroscience, 11, 661.  
Diamond, R. & Carey, S. (1986). Why faces are and are 
not special: An effect of expertise. Journal of 
Experimental Psychology: General, 115, 107-117. 
Farah, M., Wilson, K., Drain, H. & Tanaka, J. (1995). 
The inverted face Inversion effect in prosopagnosia: 
evidence for mandatory, face specific perceptual 
mechanisms. Vision Research, 35, 2089–2093. 

1505



Gauthier, I., & Tarr, M. J. (1997). Becoming a “Greeble 
” expert: exploring mechanisms for face recognition. 
Vision Research, 37, 1673–1682.  
Jacobson, L., Javitt, D. C., & Lavidor, M. (2011). 
Activation of inhibition: diminishing impulsive behavior 
by direct current stimulation over the inferior frontal 
gyrus. Journal of cognitive neuroscience, 23(11), 3380-
3387. 
McLaren, I.P.L., Kaye, H. and Mackintosh, N.J. (1989). 
An associative theory of the representation of stimuli: 
Applications to perceptual learning and latent inhibition. 
In R.G.M. Morris (Ed.) Parallel Distributed Processing 
- Implications for Psychology and Neurobiology. 
Oxford, Oxford University Press. 
McLaren, I.P.L. and Mackintosh, N.J. (2000).  An 
elemental model of associative learning:  Latent 
inhibition and perceptual learning. Animal Learning and 
Behavior, 38, 211-246. 
McLaren, I.P.L., Forrest, C.L., and McLaren, R.P. 
(2012). Elemental representation and configural 
mappings: combining elemental and configural theories 
of associative learning. Learning and Behavior, 40, 320-
333. 
McLaren, I. P. L., Carpenter, K., Civile, C., McLaren, R., 
Zhao, D., Ku, Y., Milton, F. & Verbruggen, F. (2016). 
Categorisation and perceptual learning: Why tDCS to 
Left DLPC enhances generalisation. In J. B. Trobalon & 
V. D. Chamizo (Eds.), Associative Learning and 
Cognition. Homage to Prof. N.J. Mackintosh (pp. 36–
67). University of Barcelona.  
McLaren, I.P.L., and Civile, C. (2011). Perceptual 
learning for a familiar category under inversion: An 
analogue of face inversion?  In L. Carlson, C. Hoelscher, 
& T.F. Shipley (Eds.), Proceedings of the 33rd Annual 
Conference of the Cognitive Science Society, (pp. 3320-
25). Austin, TX: Cognitive Science Society. 
Renzi, C., Ferrari, C., Schiavi, S., Pisoni, A., Papagno, 
C., Vecchi, T., . . . Cattaneo, Z. (2015). The role of the 
occipital face area in holistic processing involved in face 
detection and discrimination: A tDCS study. 
Neuropsychology, 29, 409–416.  
Seger, C. A., Poldrack, R. A., Prabhakaran, V., Zhao, M., 
Glover, G. H., & Gabrieli, J. D. (2000). Hemispheric 
asymmetries and individual differences in visual concept 
learning as measured by functional MRI. 
Neuropsychologia, 38, 1316 –1324. 
Peters, M. A., Thompson, B., Merabet, L. B., Wu, A. D., 
& Shams, L. (2013). Anodal tDCS to V1 blocks visual 
perceptual learning 
consolidation. Neuropsychologia, 51(7), 1234-1239. 
Pisoni, A., Vernice, M., Iasevoli, L., Cattaneo, Z., & 
Papagno, C. (2015). Guess who? Investigating the proper 
name processing network by means of 
tDCS. Neuropsychologia, 66, 267-278. 
Rossion, B., Gauthier, I., Goffaux, V., Tarr, M.-J., 
Crommelinck, M., 2002. Expertise training with novel 
objects leads to face-like electrophysiological responses. 
Psychol. Sci. 13, 250–257.  
Valentine, T (1988). Upside-down faces: A review of the 
effect of inversion upon face recognition. British Journal 

of Experimental Psychology, 87, 116-124.  
Yang, L.-Z., Zhang, W., Shi, B., Yang, Z., Wei, Z., Gu, 
F., . . . Rao, H. (2014). Electrical stimulation over 
bilateral occipito-temporal regions reduces N170 in the 
right hemisphere and the composite face effect. PLoS 
ONE, 9, e115772.  
Yin, R. K. (1969). Looking at upside-down faces. 
Journal of Experimental Psychology, 81, 141-145. 

 
 
 

 

1506


