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A B S T R A C T   

The functional role of the occipital face area (OFA) and the fusiform face area (FFA) in face recognition is 
inconclusive to date. While some research has shown that the OFA and FFA are involved in early (i.e., featural 
processing) and late (i.e., holistic processing) stages of face recognition respectively, other research suggests that 
both regions are involved in both early and late stages of face recognition. Thus, the current study aims to further 
examine the role of the OFA and the FFA using multifocal transcranial direct current stimulation (tDCS). In 
Experiment 1, we used computer-generated faces. Thirty-five participants completed whole face and facial 
features (i.e., eyes, nose, mouth) recognition tasks after OFA and FFA stimulation in a within-subject design. No 
difference was found in recognition performance after either OFA or FFA stimulation. In Experiment 2 with 60 
participants, we used real faces, provided stimulation following a between-subjects design and included a sham 
control group. Results showed that FFA stimulation led to enhanced efficiency of facial features recognition. 
Additionally, no effect of OFA stimulation was found for either facial feature or whole face recognition. These 
results suggest the involvement of FFA in the recognition of facial features.   

1. Introduction 

Faces are thought to be a special category of stimuli as they are 
recognized differently compared to objects (McKone et al., 2007; Rob
bins and McKone, 2007, although see alternative reviews, Bukach et al., 
2006; Burns et al., 2019; Gauthier and Bukach, 2007). Previous work has 
also identified several brain areas specialized for face processing which 
include the fusiform face area (FFA) located in the lateral fusiform gyrus 
(Kanwisher et al., 1997; McCarthy et al., 1997) and the occipital face 
area (OFA) located in the lateral inferior occipital gyri (Gauthier et al., 
2000). Despite the interactive nature of the FFA and the OFA (Ishai, 
2008; Kim et al., 2006), these areas are anatomically and functionally 
dissociated, as evidenced by patients with OFA lesions who still exhibit 
FFA activation (Rossion et al., 2003; Steeves et al., 2006). Neuropsy
chological models of face processing (e.g., Haxby et al., 2000) suggest 
that the OFA is involved in the early stages of face processing (i.e., 
representation of independent facial features) whereas the FFA is 
involved in the late stages of face processing (i.e., representation of 
facial identity). 

In line with this, several studies have demonstrated the involvement 

of the OFA in the representation of independent facial features and the 
FFA in the representation of whole faces (Fox et al., 2009; Nichols et al., 
2010; Pitcher et al., 2007; Schiltz et al., 2010). For instance, transcranial 
magnetic stimulation (TMS) of the OFA has been shown to disrupt the 
discrimination of independent facial features (Pitcher et al., 2007). 
Additionally, a functional magnetic resonance imaging (fMRI) study has 
indicated that the OFA presented greater activation for a single feature 
of the face (e.g., eyes) over a combination of features (e.g., eyes and 
mouth presented together) (Dachille et al., 2012). Other fMRI studies 
have also shown that the OFA was responsive to independent facial 
features (Fox et al., 2009; Nichols et al., 2010) irrespective of whether 
the features were arranged in a scrambled or normal configuration (Liu 
et al., 2010). 

The FFA, in contrast, was more responsive to features that were ar
ranged in a normal configuration compared to a scrambled configura
tion (Liu et al., 2010; Zhang et al., 2012). In terms of whole face 
representation, using measures of holistic face processing such as the 
face inversion task (Yovel and Kanwisher, 2005) and the composite face 
task (Schiltz et al., 2010; Schiltz and Rossion, 2006), it has been found 
that the FFA showed an increased response to holistically intact faces (i. 
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e., upright faces and top-half and bottom-half aligned faces) compared 
to the OFA (Nichols et al., 2010). Additionally, D. F., a patient with 
bilateral OFA lesions but intact FFA, showed close-to-normal face 
categorization performance, suggesting relatively preserved holistic 
processing (Steeves et al., 2006). Similarly, other patients studies have 
revealed that damage to the FFA can hinder configural face processing 
(i.e., spacing between facial features) (Barton et al., 2002). Other than 
the measures of holistic processing, the FFA was also found to be 
responsive to changes in identity or expression (Fox et al., 2009), which 
involve whole face representation. 

Conversely, several studies have found opposing findings such as the 
involvement of the OFA in holistic face processing (Bona et al., 2016; 
Rhodes et al., 2009; Rivolta et al., 2012) and facial identity processing 
(Ambrus et al., 2017; Xu and Biederman, 2010) (which both involve 
whole face representation) and the involvement of the FFA in the 
perception of individual facial feature (Yovel and Kanwisher, 2004). For 
example, an fMRI study has shown that both the OFA and the FFA 
support configural face processing as both regions responded more 
strongly to faces presented with various spacings between facial features 
compared to a repeated presentation of the same face (Rhodes et al., 
2009). Furthermore, it has been shown that TMS and anodal transcranial 
direct current stimulation (tDCS) to the OFA disrupts Mooney face 
detection (Bona et al., 2016; Renzi et al., 2015). Mooney faces are 
drawings of faces presented in solid black and white which show 
incomplete representation of faces (Mooney, 1957; Moscovitch et al., 
1997). Processing Mooney faces requires perceiving them as wholes 
because they only contain a partial representation of the faces (Latinus 
and Taylor, 2005). Hence, the disruption of Mooney face detection after 
TMS and tDCS to the OFA further supports the involvement of OFA in 
holistic face processing. TMS over the OFA has also been shown to 
impair facial identification and semantic processing of facial identity 
which involve whole face representations (Ambrus et al., 2017, 2019; 
Eick et al., 2020; Kadosh et al., 2010; Solomon-Harris et al., 2013). 

Additionally, an fMRI study has demonstrated that the FFA was not 
only involved in holistic face processing, but also in facial features 
perception as it was found that the FFA responded similarly to configural 
(i.e., spacing among facial features) and featural (i.e., shapes of eyes and 
mouth in faces) changes of faces (Yovel and Kanwisher, 2004). However, 
as the featural changes were made in the context of a whole face, the FFA 
activation could reflect a change of identity, rather than featural pro
cessing itself. Overall, these findings suggest that the OFA and the FFA 
may have overlapping roles in face processing where both regions are 
involved in the representation of facial features together with whole 
faces. 

The present study aims to further explore the functional role of the 
OFA and the FFA on face recognition using multifocal tDCS. TDCS is a 
non-invasive brain stimulation technique where a low-intensity elec
trical current is delivered between two or more electrodes attached to 
the scalp in order to modulate neuronal excitability (Reed and Cohen 
Kadosh, 2018). Previous work has suggested that anodal tDCS could 
cause neuronal depolarization and lead to an increase in the neurons’ 
firing rate and excitability (Nitsche and Paulus, 2000; Yamada and 
Sumiyoshi, 2021). Such an increment in the neurons’ excitability 
induced by anodal tDCS usually results in cognitive enhancement 
(Jacobson et al., 2012). Previous studies have shown that applying tDCS 
to the occipital region could enhance face processing (see Estudillo et al., 
2023; Gonzalez-Perez et al., 2019; Romanska et al., 2015 for similar 
results with a different stimulation method), including face memory 
(Barbieri et al., 2016; Brunyé et al., 2017) and holistic face processing 
(Yang et al., 2014). For example, it has been found that 1.5 mA anodal 
tDCS administered to the right occipital cortex improved face memory 
(Barbieri et al., 2016). However, it should be noted that face processing 
improvements following tDCS has not been consistently reported, as a 
recent study by Willis et al. (2019) failed to replicate the findings of 
Barbieri et al. (2016). 

Conflicting findings between Barbieri et al. (2016) and Willis et al. 

(2019) may be attributed to several possible reasons. Firstly, both 
studies used a traditional two-electrode montage with large sponge 
electrodes, which could have led to low-focality stimulation of the target 
area. This may have resulted in current flow spreading towards 
non-target regions, generating noise in the data. For instance, Barbieri 
et al. (2016) found that the stimulation effect using the traditional 
two-electrode montage with large sponge electrodes was not 
face-specific as it improved both face memory and object memory. 
Conversely, high-focality stimulation targeting the FFA has been shown 
to enhance face memory but not object memory (Brunyé et al., 2017). 
Hence, both Barbieri et al. (2016) and Willis et al. (2019) may have 
found conflicting findings due to low-focality stimulation of the target 
area. 

Secondly, the effects of tDCS are not always consistent across 
different measures of performance. For example, a meta-analysis 
research showed that working memory enhancement was solely 
shown in reaction time (Brunoni and Vanderhasselt, 2014), whereas 
another meta-analysis research concluded that working memory 
enhancement was primarily seen in accuracy (Hill et al., 2016). This 
discrepancy in results is not unique to working memory research, as 
similar inconsistencies have been observed in face processing studies: 
while some research found face processing improvements only in terms 
of accuracy (Barbieri et al., 2016; Brunyé et al., 2017; Costantino et al., 
2017; Renzi et al., 2015), other research found improvements only in 
reaction times (Willis et al., 2015). These inconclusive findings might 
reflect potential speed-accuracy trade-offs (Heitz, 2014; Wickelgren, 
1977), which can vary within and between participants (Gueugneau 
et al., 2017; Liesefeld et al., 2015). Such trade-offs could lead to con
founding effects and are not uncommon in tDCS research (e.g., Ankri 
et al., 2020). Finally, the contradictory results between Barbieri et al. 
(2016) and Willis et al. (2019) may also be attributed to false positive 
findings (e.g., Horvath et al., 2015; Learmonth et al., 2017). In fact, the 
presence of non-responders to tDCS (Horvath et al., 2015; López-Alonso 
et al., 2014) and the inability to replicate the positive effects of tDCS 
(Learmonth et al., 2017; Willis et al., 2019) have highlighted the 
inconsistency in the effects of tDCS. 

In the current study, we use multifocal tDCS to stimulate our target 
regions (i.e., the OFA and the FFA) as it provides high focal stimulation 
and is more effective in increasing cortical excitability compared to the 
traditional two-electrode tDCS montage (Fischer et al., 2017). The 
stimulation will be delivered in an offline manner (i.e., stimulation 
applied before task execution) as previous work has found that offline 
tDCS improved recognition and memory of faces while online tDCS did 
not affect task performance (Barbieri et al., 2016). This advantage of 
applying offline stimulation was also found for working memory (Friehs 
and Frings, 2019). The effect of applying multifocal tDCS to the OFA and 
the FFA will be explored at a behavioural level where the accuracy and 
reaction times for the recognition of whole faces and facial features 
(eyes, nose, mouth) will be measured. 

2. Experiment 1 

Experiment 1 investigated the functional role of the OFA and the FFA 
on whole face and facial feature recognition using multifocal tDCS. 
Based on previous work which showed involvement of the OFA in the 
representation of independent facial features and the FFA in the repre
sentation of whole faces (Fox et al., 2009; Nichols et al., 2010; Pitcher 
et al., 2007; Schiltz et al., 2010), we expect enhanced performance for 
whole face recognition following the FFA stimulation compared to the 
OFA stimulation. Conversely, enhanced performance is expected for 
facial feature recognition following the OFA stimulation compared to 
FFA stimulation. Alternatively, if both regions (i.e., FFA and OFA) have 
overlapping roles in facial feature and whole face representation as 
suggested by the mixed findings in the literature (e.g., Bona et al., 2016; 
Nichols et al., 2010; Yovel and Kanwisher, 2004), there might be no 
difference in performance for facial feature and whole face recognition 
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between the FFA stimulation and the OFA stimulation. Moreover, given 
that prior studies have demonstrated that certain facial features may be 
processed differently (Bukach et al., 2008; DeGutis et al., 2012; Tardif 
et al., 2019), an exploratory investigation will be carried out to assess 
whether there are any disparities in the recognition of individual facial 
features following stimulation of the FFA and the OFA. 

3. Methods 

3.1. Design 

As previous research revealed that variations in biological factors 
such as head size and scalp thickness could affect the electric field 
produced by tDCS, a within-subjects design was implemented (Krause 
and Cohen Kadosh, 2014). The within-subject factors were stimulation 
type (OFA and FFA) and task type (features and whole face). The order 
of the stimulation type was counterbalanced, where half of the partici
pants received stimulation targeting the OFA for the first session and the 
other half received stimulation targeting the FFA for the first session. 
The presentation order of task type was also counterbalanced within 
each kind of stimulation. Reaction times and accuracy were used to 
calculate the rate-correct score (RCS) (Woltz and Was, 2006), a measure 
of efficiency. RCS is calculated by the number of correct trials divided by 
the sum of reaction time for correct and incorrect trials, providing thus a 
measure that combines accuracy and reaction times. The value of RCS 
indicates the number of correct trials per second, where a higher value of 
RCS denotes higher efficiency. RCS has been shown to be more efficient 
in effect detection and accounting for a larger proportion of the variance 
compared to other integrative measures of speed and accuracy (Van
dierendonck, 2017). 

3.2. Participants 

The sample size was based on past studies (Brunyé et al., 2017; Renzi 
et al., 2015) that used a similar procedure where participants (24 and 16 
participants) were recruited to attend two experimental sessions for a 
within-subjects tDCS study. Additionally, an a priori power analysis was 
conducted using G*Power 3.1 (Faul et al., 2009) for a repeated-measures 
analysis of variance (ANOVA) comparing between two stimulation types 
(FFA and OFA) and two task types (features and whole faces). The effect 
size was estimated as a medium effect size, ηp

2 = 0.06. The effect size 
estimate was entered into the power analysis with the following pa
rameters: alpha = .05, power = .95. The power analysis suggested that 
N = 35 was required to detect an interaction effect of stimulation type 
and task type with 95% probability. 

Thirty-seven Malaysian Chinese male participants were recruited. 
Only male participants were recruited as it has been indicated that 
hormone levels, which fluctuate more in females compared to males due 
to the menstrual cycle, could be a potential confounding variable as it 
could affect cortical excitability (Smith et al., 2002). Prior to the 
experiment, participants completed a screening form regarding the in
clusion and exclusion criteria concerning the application of transcranial 
electrical stimulation (TES) and provided informed consent. Participants 
were instructed to sleep for at least 6 h at night and avoid consumption 
of alcohol the day before the experiment session. They were also asked 
to refrain from caffeine for 1 h before the session and to avoid applying 
any hair products before each session. 

Two participants were excluded from the analysis due to their 
absence from the second session of the experiment. Participants’ age 
ranged from 18 to 29 years (M = 20.89 years, SD = 2.27 years) and they 
were students at the University of Nottingham Malaysia. A remuneration 
of RM20 or course credits was given for participation. The study has 
been reviewed and approved by the Science and Engineering Research 
Ethics Committee (SEREC) at the University of Nottingham Malaysia 
(approval code: KSK050319). 

3.3. Apparatus & materials 

PsychoPy was used for stimuli presentation and data collection 
(Peirce et al., 2019). The transcranial electrical stimulator used was a 
Starstim 8 (Neuroelectrics, Spain). The stimuli used in the facial 
recognition task were created using a facial composite software, Faces 
4.0 (IQ Biometrics, US). Facial composite software was used as it con
tains a large variety of facial features (i.e., eyes, nose and mouth) whose 
appearances are distinct from each other. In total, 80 whole faces, 80 
eyes, 80 noses and 80 mouths were used as stimuli. The whole faces had 
no piercings, glasses or hair. The eyes images were edited to a size of 
212 × 69 pixels, nose images were edited to 100 × 133 pixels, mouth 
images were edited to 130 × 68 pixels and whole face images were 
edited to 250 × 382 pixels. Whole faces and features were then placed 
on a 350 × 450 pixels white canvas using Adobe Photoshop CS6. Ex
amples of stimuli are shown below in Fig. 1. The task was administered 
with an Acer XF240H 24-inch monitor with a resolution of 1920 × 1080 
pixels. 

3.4. TDCS 

TDCS was delivered through Ag/AgCl electrodes with 3.14 cm2 

contact area coated with conductive electrode gel (SignaGel, Parker 
Laboratories) to ensure good conductivity with the scalp. The electrodes 
were inserted into a neoprene cap (Starstim, Neuroelectrics, Barcelona, 
Spain) in accordance to the international 10-10 EEG system. The optimal 
montages for stimulation of the FFA and the OFA were produced using 
the Neuroelectrics Stimweaver optimization technique on a realistic 
head model template (Ruffini et al., 2014). The montage allowed exci
tation in the target area while limiting the effects in other non-target 
cortical locations. Only the right FFA and right OFA were selected as 
target areas as a large body of research has suggested a right hemisphere 
advantage for face processing (de Heering and Rossion, 2015; Grill-
Spector et al., 2018; Rangarajan et al., 2014; Rhodes, 1993). 

The standard safety constraint was applied to both parameters where 
the maximum total injected current was 4 mA and the maximum current 
allowed for each electrode was 2 mA. During OFA stimulation, seven 
electrodes were mounted: PO4 (− 1455 μA), OZ (− 1635 μA), T8 (− 317 
μA), PO3 (771 μA), P7 (− 338 μA), PO8 (1690 μA) and O2 (1284 μA). 
Seven electrodes were mounted during the FFA stimulation: PO4 (− 655 
μA), CP6 (− 1467 μA), C4 (839 μA), FC6 (− 1083 μA), P7 (366 μA), P8 
(2000 μA) and CP1 (0 μA). This extra electrode (CP1) was attached 
during the FFA stimulation with no injected current to ensure that both 
stimulations had seven electrodes. The model predicted a field intensity 
of 0.13 V/m at the OFA region and 0.032 V/m at the FFA region (Fig. 2). 
Both stimulations lasted for 20 min and the current was ramped up and 
down for the first and last 30s of stimulation respectively. 

3.5. Procedure 

FFA and OFA stimulation were performed in two sessions separated 
by at least one week to avoid any carry-over effects from the first session 
(see Mulquiney et al., 2011; Röhner et al., 2018; Rufener et al., 2019 for 
a similar procedure). As circadian rhythms could potentially influence 
cortical excitability (Krause and Cohen Kadosh, 2014), participants 
received the two sessions of stimulation at the same time of the day (±1 
h). The order of stimulation type was counterbalanced among the 
participants. 

At the beginning of the experiment, the participant’s head circum
ference was measured to decide the suitable neoprene cap size. The 
electrode sites were then cleaned with alcohol prior to stimulation. Next, 
the gel-filled electrodes were fitted onto the neoprene cap and the 
electrical reference ear clip was clipped onto the participant’s ear lobe. 
The cables were connected to the electrodes and the impedance level 
was checked. A cartoon video was presented concurrently with the 
stimulation. The cartoon video was introduced to reduce inter- 
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participant variability in visual experience during stimulation period (e. 
g., Renzi et al., 2015, for a similar procedure). Participants were 
monitored for any signs of distress at all times for safety purposes. 

Participants were seated 80 cm from the screen. After the stimula
tion, participants completed the face recognition tasks in a counter
balanced order. Whole face images were presented at a visual angle of 
13.54◦, eyes images at 3.58◦, nose images at 7.15◦ and mouth images at 
3.94◦. In total, there were 160 trials: 40 trials for whole faces, 40 trials 
for eyes, 40 trials for nose and 40 trials for mouth. Each stimuli type 
were presented in different blocks. For each block, participants were 
instructed to memorize 20 images and 40 images were presented during 
the test stage. Each block was separated into four sections where in each 
section, participants had to memorize five images and were tested with 
ten images. 

During the first session, participants were given a brief six practice 
trials with feedback before the actual task. There were two phases in 
each task, the study and test phase. A fixation cross was presented at the 
center of the screen for 0.5s before the presentation of stimuli in each 
phase. In the study phase, each image was presented for 1s followed by a 
blank screen for 1s. Participants were instructed to memorize the im
ages. In the test phase, the images that were presented in the study phase 
were presented along with novel images. Participants were instructed to 
distinguish which of the images were and were not presented in the 
study phase. If the image had been presented in the study phase, par
ticipants pressed the ‘x’ key and if the image was novel, the ‘m’ key was 
pressed. The images were presented until the participant responded. A 
different set of images was used for the face recognition tasks in the next 
session. At the end of each session, participants were asked to complete a 
questionnaire of sensations related to TES in order to check if there was 
any difference between the sensation perceived from FFA and OFA 
stimulation. The experimental session lasted for approximately 1 h for 
each session. 

3.6. Results1 

All data were analyzed using JASP version 0.16.3 (JASP Team, 
2022). An alpha level of 0.05 was used for all statistical tests. A 2 
(stimulation type: OFA vs. FFA) × 2 (task type: features vs. whole face) 
repeated-measures ANOVA was conducted on RCS (Fig. 3). Analysis 
showed no effect of stimulation type, F(1, 34) = 0.076, p = .785, ηp

2 =

0.002. A significant effect of task type was found, F(1, 34) = 7.608, p =
.009, ηp

2 = 0.183, where efficiency for features (M = 0.495, SD = 0.115) 
was higher than whole face (M = 0.466, SD = 0.142). No interaction 
effect of stimulation type and task type was found, F(1, 34) = 0.058, p =
.811, ηp

2 = 0.002. 
We also conducted a post-hoc exploratory analysis to investigate 

whether there were any differences across facial features recognition 
following the OFA and FFA stimulation. A 2 (stimulation type: OFA vs. 
FFA) × 3 (feature type: eyes vs. nose vs. mouth) repeated-measures 
ANOVA was conducted on RCS (Fig. 4). Analysis showed no effect of 
stimulation type, F(1, 34) = 0.001, p = .998, ηp

2 = 0.001. A significant 
effect of feature type was found, F(2, 68) = 7.896, p < .001, ηp

2 = 0.188. 
A post hoc Holm-Bonferroni test showed that the efficiency for the eyes 
(M = 0.470, SD = 0.133) was lower than the nose (M = 0.507, SD =
0.148), p = .034, d = − 0.269, and the mouth (M = 0.530, SD = 0.128), p 
< .001, d = − 0.433. No difference in efficiency was found between the 
nose and the mouth, p = .140, d = − 0.164. No interaction effect of 
stimulation type and feature type was found, F(2, 68) = 1.602, p = .209, 
ηp

2 = 0.045. 

4. Discussion 

Our results showed no difference in efficiency in the face recognition 
tasks between the FFA and the OFA stimulation. The OFA stimulation 
did not specifically enhance the performance of facial feature recogni
tion compared to the FFA stimulation. Similarly, the FFA stimulation did 
not specifically enhance whole face recognition compared to the OFA 
stimulation. Two potential reasons could explain our results. First, it is 
possible that neither type of stimulation had an effect on the face 
recognition tasks as previous work has shown that tDCS may not always 
lead to an enhancement of face recognition ability (Willis et al., 2019). 
However, it is also possible that the stimulation was successfully deliv
ered but due to potential overlapping roles of the FFA and the OFA in 
facial feature and whole face representation, we found no differences 
across stimulation conditions. However, as the current experiment 
lacked a control condition (sham stimulation or a control site of stim
ulation), it is unclear if the FFA stimulation and the OFA stimulation 
influenced the performance in the face recognition tasks to a similar 
extent or if neither stimulation type affected face recognition 
performance. 

Additionally, as the stimuli used in this experiment were generated 
from a facial composite software, they may not be processed in the same 
way as real human faces (Kätsyri, 2018). Artificial faces are more 
difficult to remember and less discriminable compared to real human 
faces as they are treated as out-group members (Balas and Pacella, 
2015). This is problematic as in-group members are usually recognized 
more easily compared to out-group members (Meissner and Brigham, 
2001). Moreover, the whole face stimuli in this experiment were made 
to have the same global shape (jawline and forehead size) and external 
features (ears). However, past research has shown that the presence of 
face shape is important to enhance holistic face processing (Retter and 
Rossion, 2015). Hence, in Experiment 2, we included a control 
no-stimulation condition (i.e., sham stimulation) and used real faces as 
stimuli. 

Fig. 1. Examples of stimuli used in the experiment. From right to left: whole face, eyes, nose, mouth (not to scale).  

1 Separate analysis for accuracy and reaction times and perceived sensation 
after the FFA and the OFA stimulation can be found in Appendix 1 
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Fig. 2. Visualisation of the normal component of the E-field (V/m) for the FFA stimulation (left) and the OFA stimulation (right) modelled using the Stimweaver 
algorithm on a standard brain. From top to bottom: back view, right view and left view of the brain. The red circles correspond to the anode and blue circles 
correspond to the cathode. 
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4.1. Experiment 2 

Similar to Experiment 1, Experiment 2 aims to examine the contri
butions of OFA and FFA stimulation towards performance in the 
recognition of whole faces and facial features. In Experiment 2, we 
introduced several changes. First, we used stimuli cropped from real face 
images as they more accurately reflect the faces, eyes, noses, and mouths 
encountered in real life. Additionally, the face shape was preserved as it 
provides relevant cues for holistic face processing (Retter and Rossion, 
2015). Second, stimulation was provided following a between-subject 
design and included a control no-stimulation condition (i.e., sham 
stimulation condition). We decided to follow a between-subject design 
for two main reasons. From a practical point of view, a within-subject 
design including the three stimulation conditions (FFA, OFA, and 
sham) would require a minimum of 14 days, assuming the recom
mended minimum gap of seven days between stimulation sessions (see 
Mulquiney et al., 2011; Röhner et al., 2018; Rufener et al., 2019 for a 
similar procedure). This could lead to an increase of dropouts, making 
data collection more difficult. In addition, recent research showed that 

transcranial electrical stimulation enhances face identification following 
a between-subject, but not a within-subject design (Penton et al., 2018). 
However, to avoid the effect of differences across groups, in Experiment 
2, participants were tested before and after the stimulation. Finally, in 
this experiment we also included female participants to improve the 
representativeness of the sample. To prevent any potential confounding 
effects resulting from fluctuations in hormone levels caused by the 
menstrual cycle (Smith et al., 2002), female participants were only 
recruited during the follicular phase. This phase was chosen as hormone 
levels during this time are the most comparable to those of males (for a 
similar procedure, see Barbieri et al., 2016). 

If the OFA is involved in facial features representation while the FFA 
is involved whole face representation (Nichols et al., 2010; Fox et al., 
2009; Pitcher et al., 2007; Schiltz et al., 2010), we would expect 
enhanced performance for whole face recognition following FFA stim
ulation compared to OFA stimulation and sham stimulation. Conversely, 
we expect enhanced performance for facial feature recognition 
following OFA stimulation compared to FFA stimulation and sham 
stimulation. Alternatively, if both regions (i.e., FFA and OFA) have 
overlapping roles in facial feature and whole face representation as 
suggested by the mixed finding in the literature (e.g., Bona et al., 2016; 
Nichols et al., 2010; Yovel and Kanwisher, 2004), performance for facial 
feature and whole face recognition should be improved to the same 
extent after the application of FFA stimulation and OFA stimulation 
compared to sham stimulation. Similar to Experiment 1, an exploratory 
analysis will be performed to evaluate whether there are any differences 
in recognizing specific facial features after stimulation of the FFA and 
OFA. This is because prior research has demonstrated that certain facial 
features may undergo distinct processing (Bukach et al., 2008; DeGutis 
et al., 2012; Tardif et al., 2019). 

5. Methods 

5.1. Design 

A mixed design was used. The within-subject factors were task type 
(whole face and features) and session (pre-stimulation and post- 
stimulation). The between-subject factor was the stimulation type 
(OFA, FFA and sham). Similar to Experiment 1, the dependent variable 
was efficiency. The presentation order of task type was counterbalanced 
for all participants. 

Fig. 3. Measure of efficiency for whole faces and features recognition tasks for 
OFA and FFA stimulation. Error bars represent 95% confidence interval. No 
significant differences were observed in facial features and whole face recog
nition efficiency between stimulation groups. 

Fig. 4. Measure of efficiency for facial features recognition tasks for OFA and FFA stimulation. Error bars represent 95% confidence interval. No significant dif
ferences were observed in facial features (i.e., eyes, nose and mouth) recognition efficiency between stimulation groups. 
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5.2. Participants 

The sample size for this study was based on Barbieri et al. (2016) who 
used a similar procedure where 48 participants were recruited for a 
between-subjects tDCS study with three conditions (online a-tDCS, off
line a-tDCS and sham stimulation). Additionally, an a priori power 
analysis was conducted using G*Power 3.1 (Faul et al., 2009) for a 
mixed ANOVA comparing between three stimulation type (FFA, OFA 
and sham stimulation), two task type (whole faces and facial features) 
and two session type (pre-stimulation and post-stimulation). The effect 
size was estimated as a medium effect size, ηp

2 = 0.06. The effect size 
estimate was entered into the power analysis with the following pa
rameters: alpha = .05, power = .95. The power analysis suggested that 
N = 24 was required to detect an interaction effect of stimulation type, 
task type and session with 95% probability. 

Sixty Malaysian Chinese (38 females) participants were recruited. To 
address the potential influence of ORE in face recognition (Estudillo, 
2021; Estudillo et al., 2020; Hayward et al., 2008; Wong et al., 2020), 
only Malaysian Chinese participants were recruited as the stimuli pre
sented in the experiment were created using only Chinese faces. Past 
work has also indicated that hormone levels which fluctuate among 
females due to the menstrual cycle could affect cortical excitability 
(Smith et al., 2002). Hence, female participants were recruited during 
the follicular phase of the menstrual cycle as in this phase, the hormone 
levels are most similar to males (for a similar procedure, see Barbieri 
et al., 2016). 

Prior to the experiment, participants completed a screening form for 
the inclusion and exclusion criteria concerning the application of TES 
and provided informed consent. Participants were instructed to sleep for 
at least 6 h at night and avoid consumption of alcohol the day before the 
experiment session. They were also asked to refrain from caffeine for 1 h 
before the session and to avoid applying any hair products before each 
session. Participants’ age ranged between 18 and 29 years (M = 21.38 
years, SD = 2.2 years) and were students at the University of Nottingham 
Malaysia. Remuneration of RM10 or course credits was given for 
participation. A one-way ANOVA was conducted to examine if there was 
any age difference between stimulation groups. No significant age dif
ference was found between stimulation group, F(2, 57) = 0.346, p =
.709. A chi-square test of independence showed that there was no sig
nificant relationship between stimulation group and gender, X2(2, N =
60) = 0.574, p = .750. The study has been reviewed and approved by the 
Science and Engineering Research Ethics Committee (SEREC) in the 
University of Nottingham Malaysia (approval code: KSK050319). 

5.2.1. Apparatus and materials 
Similar to Experiment 1, PsychoPy (Peirce et al., 2019) and Starstim 

8 (Neuroelectrics, Spain) were used. The stimuli used in the recognition 
tasks were created using the CAS-PEAL face database (Gao et al., 2008). 
In total, 180 whole faces (90 females and 90 males), 60 eyes (30 females 
and 30 males), 60 noses (30 females and 30 males) and 60 mouths (30 
females and 30 males) were used as stimuli. The whole faces had no 
piercings, glasses, external hair or facial hair. The stimuli for the features 

task were cropped from whole faces available in the CAS-PEAL face 
database. The eyes images were cropped to a size of 550 × 162 pixels, 
nose images were cropped to 377 × 400 pixels and mouth images were 
cropped to 450 × 237 pixels. The whole face images were resized to 600 
pixels in height and the width was resized according to the original 
proportion of the whole face. Whole faces and features were then placed 
on a 800 × 800 pixels black canvas using Adobe Photoshop CS6. Ex
amples of stimuli are as shown below in Fig. 5. 

5.3. TDCS 

Three types of stimulation were used in this experiment: FFA stim
ulation, OFA stimulation and sham stimulation. The montage used for 
stimulation of the right FFA and the right OFA were as in Experiment 1. 
Sham stimulation used the same montage as either FFA stimulation or 
OFA stimulation but the current was only delivered during the first and 
last 30s to evoke the sensation of stimulation, without affecting neuronal 
excitability (Thair et al., 2017). Half of the participants received sham 
stimulation using the FFA stimulation montage and the other half using 
the OFA stimulation montage. 

5.4. Procedure 

Participants first completed baseline whole face and feature recog
nition tasks. The baseline task was used to control potential differences 
across groups. Participants completed the baseline whole face and 
feature recognition tasks in a counterbalanced order and were seated 80 
cm from the screen. Whole face images were presented at a visual angle 
of 10.36◦, eyes images at 3.08◦, nose images at 6.94◦ and mouth images 
at 4.44◦. Participants were given a brief six practice trials session with 
feedback before the actual trial began. In total, there were 180 trials: 90 
trials for whole faces and 90 trials for features (30 trials each for eyes, 
nose and mouth stimuli). In each recognition task, participants were 
instructed to memorize 45 images and 90 images were presented during 
the test stage. Each task was separated into nine blocks where partici
pants had to memorize five images in each block and were then tested 
with ten images. A self-paced break of at least 20 s was given after every 
three blocks. 

There were two phases in each task, the study phase and the test 
phase. A fixation cross was presented at the center of the screen for 0.5s 
before the presentation of stimuli in the study and test phase. In the 
study phase, each image was presented for 1s followed by a blank screen 
for 1s. Participants were instructed to memorize the images presented in 
the study phase. After the study phase, participants had a self-paced rest 
of at least 10 s before moving on to the test phase. In the test phase, the 
images that were presented in the study phase were presented inter
mixed with novel images. The images were presented until the partici
pant responded. Participants were instructed to distinguish which of the 
images were presented and which were not presented in the study phase. 
If the image was presented in the study phase, participants pressed the 
‘x’ key and if the image was novel, the ‘m’ key was pressed. 

The procedure for the stimulation session was as in Experiment 1. 

Fig. 5. Examples of stimuli used in the experiment, from right to left: whole face, eyes, nose, mouth (not to scale).  
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After the stimulation session, participants were asked to complete new 
versions of the whole face and features recognition tasks that were 
identical in procedure to the baseline tasks. The versions of the tasks 
were counterbalanced for pre- and post-stimulation sessions. At the end 
of the session, participants were asked to complete a questionnaire of 
sensations related to TES to check if there was any difference between 
the sensation perceived from FFA, OFA and sham stimulation. The 
experimental session lasted for approximately 1 h for each session. 

5.5. Results2 

All data were analyzed using JASP version 0.16.3 (JASP Team, 
2022). A mixed 2 (task type: features vs. whole faces) × 2 (session: pre 
vs. post) × 3 (simulation type: FFA vs. OFA vs. sham) ANOVA was 
conducted on efficiency measured by RCS (Fig. 6). No main effect of 
stimulation type was found, F(2, 57) = 0.133, p = .876, ηp

2 = 0.005. A 
main effect of session was found, F(1, 57) = 19.694, p < .001, ηp

2 =

0.257, where pre-stimulation trials (M = 0.57, SD = 0.152) had lower 
efficiency compared to post-stimulation trials (M = 0.617, SD = 0.16). 
Analysis revealed a main effect of task type, F(1, 57) = 45.985, p < .001, 
ηp

2 = 0.447, where features task (M = 0.553, SD = 0.149) had lower 
efficiency compared to whole faces task (M = 0.633, SD = 0.156). 
Analysis also revealed a significant interaction effect of stimulation type 
and task type, F(2, 57) = 3.534, p = .036, ηp

2 = 0.11, and of task type and 
session, F(1, 57) = 4.865, p = .031, ηp

2 = 0.079. No interaction effect of 
stimulation type and session was found, F(2, 57) = 0.379, p = .687, ηp

2 =

0.013. 
A three-way interaction effect of stimulation type, task type and 

session was found, F(2, 57) = 3.817, p = .028, ηp
2 = 0.118. To further 

explore this three-way interaction effect, we calculated the difference in 
efficiency between post- and pre-stimulation for each variable (RCSPost −

RCSPre). A higher value would indicate higher efficiency after stimula
tion. We analyzed these scores using 2 (task type: features vs. whole 
faces) × 3 (simulation type: FFA vs. OFA vs. sham) ANOVA. Analysis 

revealed a significant main effect of task type, F(1, 57) = 4.865, p =
.031, ηp

2 = 0.079, where features task (M = 0.065, SD = 0.115) had 
higher efficiency compared to whole face task (M = 0.028, SD = 0.094). 
No effect of stimulation type was found, F(2, 57) = 0.379, p = .687, ηp

2 =

0.013. A significant interaction effect of task type and stimulation was 
found, F(2, 57) = 3.817, p = .028, ηp

2 = 0.118. Simple main effect 
analysis showed that features task (M = 0.106, SD = 0.145) had higher 
efficiency compared to whole face task (M = 0.013, SD = 0.125) for FFA 
stimulation, F(1, 19) = 7.928, p = .011, η2 = 0.294. No difference be
tween features task and whole face task was found for OFA stimulation, 
F(1, 19) = 0.716, p = .408, η2 = 0.036, and sham stimulation, F(1, 19) =
1.749, p = .202, η2 = 0.084. 

We also conducted a post-hoc exploratory analysis to investigate 
whether there were any differences across facial features recognition 
following the OFA and FFA stimulation. A mixed 3 (feature type: eyes vs. 
nose vs. mouth) × 2 (session: pre vs. post) × 3 (simulation type: FFA vs. 
OFA vs. sham) ANOVA was conducted on RCS (Fig. 7). No main effect of 
stimulation type was found, F(2, 57) = 0.875, p = .423, ηp

2 = 0.030. A 
main effect of session was found, F(1, 57) = 21.870, p < .001, ηp

2 =

0.277, where pre-stimulation trials (M = 0.526, SD = 0.159) had lower 
efficiency compared to post-stimulation trials (M = 0.593, SD = 0.189). 
Analysis revealed a main effect of feature type, F(2, 114) = 3.206, p =
.044, ηp

2 = 0.053. A post hoc Holm-Bonferroni test revealed no difference 
in efficiency between the eyes (M = 0.536, SD = 0.161) and the nose (M 
= 0.570, SD = 0.182), p = .076, d = − 0.197, the eyes and the mouth (M 
= 0.573, SD = 0.187), p = .076, d = − 0.211, and the nose and the 
mouth, p = .880, d = − 0.014. 

No interaction effect was found between feature type and stimulation 
type, F(4, 114) = 0.726, p = .576, ηp

2 = 0.025, and session and stimu
lation type, F(2, 57) = 2.433, p = .097, ηp

2 = 0.079. A significant inter
action effect was found between feature type and session, F(2, 114) =
2.099, p = .127, ηp

2 = 0.036. Simple main effect analysis revealed no 
difference in feature type pre-stimulation, F(2, 118) = 0.898, p = .410, 
ηp

2 = 0.015. A main effect of feature type was found post-stimulation, F 
(2, 118) = 4.232, p = .017, ηp

2 = 0.067. A post hoc Holm-Bonferroni test 
showed that the eyes (M = 0.556, SD = 0.167) had lower efficiency 
compared to the nose (M = 0.618, SD = 0.191), p = .019, d = − 0.330. No 
difference was found between the eyes and the mouth (M = 0.604, SD =
0.203), p = .071, d = − 0.252, and the nose and the mouth, p = .514, d =
0.078. No three-way interaction was found between feature type, ses
sion and stimulation type, F(4, 114) = 2.258, p = .067, ηp

2 = 0.073. 

Fig. 6. Post-stimulation minus pre-stimulation scores for efficiency of features 
and whole face recognition tasks for OFA, FFA and sham stimulation. Error bars 
represent 95% confidence interval. Statistically significant differences (p < .05) 
are denoted by asterisks. 

Fig. 7. Post-stimulation minus pre-stimulation scores for efficiency of facial 
features recognition tasks for OFA, FFA and sham stimulation. Error bars 
represent 95% confidence interval. No significant differences were observed in 
facial features (i.e., eyes, nose and mouth) recognition efficiency between 
stimulation groups. 

2 Analysis of the perceived sensation after the FFA, OFA and sham stimula
tion, analysis on baseline scores to compare face recognition ability and age 
between stimulation groups and additional analyses: 2 (task type: features vs. 
whole faces) × 2 (session: pre vs. post) × 3 (simulation type: FFA vs. OFA vs. 
sham) mixed ANOVA conducted on accuracy and reaction time could be found 
in Appendix 2 

S.K. Kho et al.                                                                                                                                                                                                                                   



Neuropsychologia 189 (2023) 108663

9

6. Discussion 

Our results showed that the features task had higher efficiency 
compared to whole face task only for the FFA stimulation, but not for the 
OFA stimulation and sham stimulation. Contrary to previous work 
which showed the involvement of the OFA in the representation of facial 
features and the FFA in the representation of whole faces (Fox et al., 
2009; Nichols et al., 2010; Pitcher et al., 2007; Schiltz et al., 2010), our 
results showed that the FFA stimulation enhanced facial feature recog
nition whereas OFA stimulation had no effect on both facial feature and 
whole face recognition. Additionally, no effect of the FFA stimulation 
was found on whole face recognition. Overall, our findings support the 
involvement of the FFA in featural recognition. 

7. General discussion 

This study aimed to investigate the functional role of the FFA and the 
OFA using multifocal tDCS. In Experiment 1, tDCS over the OFA and the 
FFA did not produce any change in the efficiency to recognize whole 
faces and facial features. However, past work has shown that artificial 
faces may not be processed in the same way as real human faces as they 
are more difficult to remember and less discriminable compared to real 
human faces as they are treated as out-group members (Balas and 
Pacella, 2015; Kätsyri, 2018). Furthermore, in Experiment 1, the whole 
face stimuli were created with identical global shape (forehead size and 
jawline). However, previous studies have demonstrated that the pres
ence of face shape is crucial for holistic face processing (Retter and 
Rossion, 2015). 

To avoid these problems, in Experiment 2, we used real faces and 
found that that the FFA stimulation increased efficiency for feature 
recognition. Although we used a between-subject design, this result 
could not be attributed to individual differences in face recognition 
abilities (i.e., participants in the FFA stimulation group having higher 
facial feature recognition ability compared to the OFA stimulation group 
and sham stimulation group) as we have measured baseline performance 
before the stimulation session and improvements in Experiment 2 were 
calculated by comparing pre- and post-stimulation scores. Additionally, 
analysis of pre-stimulation scores showed no difference in face recog
nition ability between the stimulation groups (Appendix 2). This finding 
of enhanced feature recognition following the FFA stimulation is in line 
with past fMRI studies showing the involvement of the FFA in feature 
recognition (Dachille et al., 2012; Liu et al., 2010). For example, the FFA 
responded similarly to facial features presented individually and facial 
features presented in face-like combination (Dachille et al., 2012). 
Although a different study found that the FFA was more responsive to 
features that were arranged in a normal configuration compared to a 
scrambled configuration, this finding showed that the FFA responded to 
the presence of facial features even in a scrambled configuration (Liu 
et al., 2010). These studies suggest that the FFA is involved in facial 
feature representation. 

However, despite using real faces our results in Experiment 2 showed 
no effect of the FFA stimulation on whole face recognition. One possible 
explanation for the lack of FFA stimulation effect on whole face recog
nition in Experiment 2 is the difference in task difficulty between facial 
feature and whole face recognition. Our findings showed that the fea
tures task was more difficult (i.e., lower efficiency) compared to the 
whole face task in Experiment 2. Earlier studies have found that the 
effect of tDCS are more apparent when the task difficulty is greater, as 
seen in areas such as arithmetic (Pope and Miall, 2012; Popescu et al., 
2016; Rütsche et al., 2015), working memory (Gill et al., 2015; Ver
gallito et al., 2018) and attention (Nelson et al., 2014; Reteig et al., 
2017). Similarly, performance enhancement in video games following 
tDCS effects were observed only when participants were multitasking, 
but not when participants were executing a single task (Hsu et al., 2015). 
Since the feature recognition task was more difficult than the whole face 
recognition task, the effect of tDCS may only be apparent for facial 

feature recognition and not whole face recognition. 
In contrast to our expectations, we found no difference in efficiency 

for facial features and whole face recognition after OFA stimulation. One 
possible reason for this may be that the montage used for the OFA 
stimulation in this experiment was not effective in eliciting an advantage 
in the recognition tasks. In other words, our results may not rule out the 
involvement of OFA in the representation of facial features and whole 
faces, but that the montage used for OFA stimulation in this experiment 
was not effective in enhancing performance in the recognition tasks. In 
fact, based on the Neuroelectrics Stimweaver report, the predicted field 
intensity for OFA stimulation (0.13 V/m) was much higher compared to 
the predicted field intensity for FFA stimulation (0.032 V/m), hence, the 
effect of OFA stimulation should be larger than the FFA stimulation. In 
contrast to this, participants reported in Experiment 1 that they felt more 
itching for FFA stimulation compared to OFA stimulation (see Appendix 
1). Since there is no direct way of measuring the effect of the stimulation 
in our experiment, it could be that the real stimulation effect did not 
replicate the predicted stimulation effect as other factors such as bio
logical differences could affect the application of tDCS (Krause and 
Cohen Kadosh, 2014). Differences in the biological substrates such as the 
pre-existing neurotransmitter levels, head size and scalp thickness could 
contribute to inter-individual differences in the electric field in the brain 
generated by tDCS causing the stimulation effect to vary across partic
ipants (Krause and Cohen Kadosh, 2014; Laakso et al., 2019). As a result, 
the efficiency of the OFA stimulation might have varied depending on 
whether the participants received the stimulation in an optimum 
manner. Another limitation of our study is that the anatomical location 
of the OFA and FFA was determined using a single realistic head model 
template. Although this method in conjunction with the Neuroelectrics 
Stimweaver optimization algorithm has been demonstrated to be a 
reliable method for localizing the target areas (Ruffini et al., 2014), it 
should be noted that individual MRI scans would have allowed for a 
more precise localization. 

8. Conclusion 

In sum, our results from Experiment 1 showed no significant change 
in the efficiency to recognize whole faces and facial features after tDCS 
application over the OFA and FFA, which may have been influenced by 
the use of artificial faces. Experiment 2, using real faces, revealed that 
FFA stimulation increased efficiency for facial feature recognition. 
However, no effect of FFA stimulation was observed for whole face 
recognition, possibly due to lower level of task difficulty. OFA stimu
lation did not show any effect on either whole face or feature recogni
tion, which may be attributed to the ineffectiveness of the stimulation 
montage. Overall, our findings suggest that the FFA is involved in facial 
feature representation, with implications for understanding the neural 
mechanisms underlying face processing. 
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Appendices. 

Appendix 1: Perceived sensation after the FFA and the OFA stimulation and analyses of accuracy and reaction times for Experiment 1 

Perceived sensation 
A Wilcoxon signed-rank test was conducted on the effect of stimulation type (OFA vs. FFA) on the rating score (0 = none, 1 = mild, 2 = moderate 

and 3 = strong) for the different sensations perceived (itching, pain, burning, warmth/heat, metallic/iron taste and fatigue/decreased alertness) 
(Fig. 8). Rating score for itching was higher for FFA stimulation (M = 1.429, SD = 1.065) compared to OFA stimulation (M = 0.9429, SD = 0.765), W 
= 199, p = .013. No difference was found between FFA stimulation and OFA stimulation on the rating score for pain (W = 176, p = .075), burning (W 
= 62, p = .549), warmth/heat (W = 38.5, p = .627), metallic/iron taste (W = 4, p = .773) and fatigue/decreased alertness (W = 50, p = .768). 
Wilcoxon signed-rank test was also conducted on the effect of stimulation type (OFA vs. FFA) on the rating score for how much the stimulation affected 
participant’s general state (0 = not at all, 1 = slightly, 2 = considerably, 3 = much and 4 = very much). The stimulation did not produce a statistically 
significant change in the rating score for general state, W = 85.5, p = 1. For additional remarks on the sensation of stimulation, refer to Table 1. 

The results revealed that the rating score for itching was higher for the FFA stimulation compared to the OFA stimulation. Although participants 
reported more itching during the FFA stimulation than the OFA stimulation, no difference was reported for participant’s rating of their general state 
after the FFA stimulation and OFA stimulation. Additionally, the stimulation was administered in an offline manner (before task). Hence, the itching 
sensation should have had minimal to no effect on the performance of the face recognition tasks.

Fig. 8. Rating score of sensations perceived during FFA and OFA stimulation. Error bars represent 95% confidence interval.   

Table 1 
Additional remarks on the sensation of stimulation for 
Experiment 1.  

Stimulation Additional remarks 

OFA Felt calmer and more relaxed. 
FFA Cold burn  

Ticklish 

Note. Remarks provided by three participants. 

Accuracy and median reaction time analysis 
A 2 (stimulation type: OFA vs. FFA) × 2 (task type: features vs. whole face) repeated-measures ANOVA was conducted on accuracy calculated by 

proportion correct (Fig. 9). Analysis showed no effect of stimulation type, F(1, 34) = 0.611, p = .440, ηp
2 = 0.018, or task type, F(1, 34) = 0.065, p =

.801, ηp
2 = 0.002. No interaction effect of stimulation type and task type was found, F(1, 34) = 0.823, p = .371, ηp

2 = 0.024. 
We also conducted a post-hoc exploratory analysis to investigate whether there were any differences across facial features recognition following 

the OFA and FFA stimulation. A 2 (stimulation type: OFA vs. FFA) × 3 (feature type: eyes vs. nose vs. mouth) repeated-measures ANOVA was 
conducted on accuracy (Fig. 10). When Mauchly’s test indicated that the assumption of sphericity had been violated, the degrees of freedom was 
corrected using Greenhouse-Geisser estimates of sphericity. Analysis showed no effect of stimulation type, F(1, 34) = 2.456, p = .126, ηp

2 = 0.067, or 
feature type, F(2, 68) = 1.033, p = .362, ηp

2 = 0.029. No interaction effect of stimulation type and feature type was found, F(1.643, 55.860) = 1.901, p 
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= .166, ηp
2 = 0.053. 

For the reaction time analysis, median reaction times were used instead of mean reaction times as medians are less influenced by extreme scores. A 
2 (stimulation type: OFA vs. FFA) × 2 (task type: features vs. whole face) repeated-measures ANOVA was conducted on the median reaction times for 
correct responses ((Fig. 9). Analysis showed no effect of stimulation type, F(1, 34) = 0.098, p = .756, ηp

2 = 0.003. However, a significant effect of task 
type was found, F(1, 34) = 11.548, p = .002, ηp

2 = 0.254, where reaction time for features (M = 1.141s, SD = 0.268s) was faster compared to whole 
faces (M = 1.260s, SD = 0.437s). No interaction effect of stimulation type and task type was found, F(1, 34) = 1.576, p = .218, ηp

2 = 0.044. 
Additionally, a 2 (stimulation type: OFA vs. FFA) × 3 (feature type: eyes vs. nose vs. mouth) repeated-measures ANOVA was conducted on median 

reaction times for correct responses as a post-hoc exploratory analysis to investigate whether there were any differences across facial features 
recognition following the OFA and FFA stimulation (Fig. 10). When Mauchly’s test indicated that the assumption of sphericity had been violated, the 
degrees of freedom was corrected using Greenhouse-Geisser estimates of sphericity. Analysis showed no effect of stimulation type, F(1, 34) = 0.954, p 
= .336, ηp

2 = 0.027. A significant effect of feature type was found, F(1.632, 55.502) = 15.932, p < .001, ηp
2 = 0.319. A post hoc Holm-Bonferroni test 

demonstrate that the reaction time for the eyes (M = 1.229s, SD = 0.369s) was longer than the nose (M = 1.132s, SD = 0.282s), p < .001, d = 0.312, 
and the mouth (M = 1.102s, SD = 0.261s), p < .001, d = 0.409. No difference in reaction time was found between the nose and the mouth, p = .205, d 
= 0.097. No interaction effect of stimulation type and feature type was found, F(1.533, 52.107) = 0.978, p = .363, ηp

2 = 0.028.

Fig. 9. Measure of accuracy and reaction time for whole faces and features recognition tasks for OFA and FFA stimulation. Error bars represent 95% confi
dence interval. 

Fig. 10. Measure of accuracy and reaction time for facial features recognition tasks for OFA and FFA stimulation. Error bars represent 95% confidence interval.  

Appendix 2: Perceived sensation after the FFA, OFA and sham stimulation, analysis on baseline scores to compare face recognition ability between 
stimulation groups prior to receiving stimulation and analyses of accuracy and reaction times for Experiment 2 

Perceived sensation 
Kruskal-Wallis test was conducted on the rating score (0 = none, 1 = mild, 2 = moderate and 3 = strong) of perceived sensation (itching, pain, 

burning, warmth/heat, metallic/iron taste and fatigue/decreased alertness) of the stimulation type (FFA vs. OFA vs. sham) (Fig. 11). No difference was 
found for rating score of itching (H(2) = 3.33, p = .19), pain (H(2) = 0.05, p = .97), burning (H(2) = 2.21, p = .33), warmth/heat (H(2) = 2.32, p =
.31), metallic/iron taste (H(2) = 0.43, p = .81) and fatigue/decreased alertness (H(2) = 2.53, p = .28) between stimulation type. Kruskal-Wallis test 
also revealed no difference between stimulation type on the rating score of how much the participant’s general state was affected after stimulation (0 
= not at all, 1 = slightly, 2 = considerably, 3 = much and 4 = very much), (H(2) = 1.09, p = .58). For additional remarks on the sensation of 
stimulation and participant’s belief on whether they have received real or placebo stimulation, refer to Tables 2 and 3. Our results showed no dif
ference in sensation perceived between FFA, OFA and sham stimulation. 
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Fig. 11. Rating score of sensations perceived during FFA, OFA and sham stimulation. Error bars represent 95% confidence interval.   

Table 2 
Additional remarks on the sensation of stimulation for Experiment 2.  

Stimulation Additional remarks 

OFA Decreased alertness and felt tired even when the cartoon video reached the funny part. 
FFA Sleepy 
Sham The tingling sensation started at the beginning of the stimulation very mildly and faded away gradually. The sensation became much more intense in the middle of the 

stimulation period and persisted until the end until it was stopped.  
I felt sleepier at the second half of the video.  
Really sleepy for some reason but the cartoon kept me alert.  
Felt in the initial minute and final minute of the stimulation period. 

Note. Remarks provided by six participants.  

Table 3 
Participant’s belief on whether they have received real or placebo stimulation for 
Experiment 2.   

Number of participants 

Stimulation Real Placebo Not sure 

FFA 12 1 7 
OFA 16 1 3 
Sham 8 2 10 

Note. Each stimulation group had 20 participants. 

Baseline (pre-stimulation) 
A mixed 2 (task type: features vs. whole faces) × 3 (simulation group: FFA vs. OFA vs. sham) ANOVA was conducted to examine if there were any 

difference in accuracy between stimulation group prior to stimulation. Accuracy reported is in proportion correct. Analysis revealed no main effect of 
stimulation group on accuracy, F(2, 57) = 0.258, p = .773, ηp

2 = 0.009. A main effect of task type was found, F(1, 57) = 45.978, p < .001, ηp
2 = 0.446, 

where features task (M = 0.659, SD = 0.082) had lower accuracy compared to whole faces task (M = 0.732, SD = 0.08). No significant interaction 
effect was found between stimulation group and task type on accuracy, F(2, 57) = 0.504, p = .607, ηp

2 = 0.017. 
A second mixed ANOVA was conducted to examine if there was any difference in reaction time for correct trials between stimulation group prior to 

stimulation. Analysis revealed no main effect of stimulation group, F(2, 57) = 0.389, p = .679, ηp
2 = 0.013. A main effect of task type was found, F(1, 

57) = 20.909, p < .001, ηp
2 = 0.268, where the features task (M = 1.14s, SD = 0.253s) had longer reaction time for correct trials compared to the whole 

faces task (M = 1.05s, SD = 0.214s). No significant interaction effect was found between stimulation group and task type on reaction time for correct 
trials, F(2, 57) = 2.403, p = .1, ηp

2 = 0.078. 
Altogether, the results showed no difference in face recognition ability and age between stimulation groups prior to receiving stimulation. 

However, the features task had lower accuracy and longer reaction time compared to the whole faces task. 

Accuracy and median reaction time analysis 
A mixed 2 (task type: features vs. whole faces) × 2 (session: pre vs. post) × 3 (simulation type: FFA vs. OFA vs. sham) ANOVA was conducted on 

accuracy calculated by proportion correct (Fig. 12). Analysis revealed no main effect of stimulation type, F(2, 57) = 0.173, p = .842, ηp
2 = 0.006, or 

session, F(1, 57) = 2.432, p = .124, ηp
2 = 0.041. A main effect of task type was found, F(1, 57) = 75.496, p < .001, ηp

2 = 0.570, where features task (M =
0.658, SD = 0.083) had lower accuracy compared to whole faces task (M = 0.722, SD = 0.082). The analysis revealed no interaction effect of 
stimulation type and task type, F(2, 57) = 1.189, p = .312, ηp

2 = 0.040, no interaction effect of stimulation type and session, F(2, 57) = 0.111, p = .895, 
ηp

2 = 0.004, no interaction effect of task type and session, F(1, 57) = 1.988, p = .164, ηp
2 = 0.034, and no three-way interaction effect of stimulation 

type, task type and session, F(2, 57) = 0.153, p = .858, ηp
2 = 0.005. 
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We also conducted a post-hoc exploratory analysis to investigate whether there were any differences across facial features recognition following 
the OFA, FFA and sham stimulation. A 3 (stimulation type: OFA vs. FFA vs. sham) × 3 (feature type: eyes vs. nose vs. mouth) × 2 (session: pre vs. post) 
mixed ANOVA was conducted on accuracy (Fig. 13). When Mauchly’s test indicated that the assumption of sphericity had been violated, the degrees of 
freedom was corrected using Greenhouse-Geisser estimates of sphericity. Analysis revealed no main effect of stimulation type, F(2, 57) = 0.230, p =
.795, ηp

2 = 0.008, session, F(1, 57) = 0.003, p = .955, ηp
2 = 0.001 or feature type, F(1.810, 103.144) = 0.596, p = .537, ηp

2 = 0.010. The analysis also 
revealed no interaction effect of stimulation type and feature type, F(3.619, 103.144) = 0.453, p = .751, ηp

2 = 0.016, no interaction effect of stim
ulation type and session, F(2, 57) = 0.214, p = .808, ηp

2 = 0.007, no interaction effect of feature type and session, F(2, 114) = 2.312, p = .104, ηp
2 =

0.039, and no three-way interaction effect of stimulation type, feature type and session, F(4, 114) = 1.099, p = .361, ηp
2 = 0.037. 

A mixed 2 (task type: features vs. whole faces) × 2 (session: pre vs. post) × 3 (simulation type: FFA vs. OFA vs. sham) ANOVA was conducted on 
median reaction time for correct trials (Fig. 12). No main effect of stimulation type was found, F(2, 57) = 0.256, p = .775, ηp

2 = 0.009. A significant 
main effect of session was found, F(1, 57) = 23.764, p < .001, ηp

2 = 0.294, where pre-stimulation trials (M = 1.095s, SD = 0.238s) had longer reaction 
time compared to post-stimulation trials (M = 1s, SD = 0.210s). Analysis revealed a significant main effect of task type, F(1, 57) = 30.555, p < .001, ηp

2 

= 0.349, where features task (M = 1.085s, SD = 0.247s) had longer reaction time compared to whole faces task (M = 1.011s, SD = 0.203s). Analysis 
also revealed no interaction effect of stimulation type and task type, F(2, 57) = 2.346, p = .105, ηp

2 = 0.076, no interaction effect of stimulation type 
and session, F(2, 57) = 0.280, p = .757, ηp

2 = 0.010, and no interaction effect of task type and session, F(1, 57) = 2.289, p = .136, ηp
2 = 0.039. 

A three-way interaction effect of stimulation type, task type and session was found, F(2, 57) = 3.406, p = .04, ηp
2 = 0.107. To further explore this 

three-way interaction effect, we calculated the difference in reaction time between pre- and post-stimulation for each variable (RTPre − RTPost). A 
higher value would indicate improvement in reaction time (shorter reaction time) after stimulation. We analyzed these scores using a 2 (task type: 
features vs. whole faces) × 3 (simulation type: FFA vs. OFA vs. sham) ANOVA. Analysis revealed no main effect of task type, F(1, 57) = 2.289, p = .136, 
ηp

2 = 0.039, or stimulation type, F(2, 57) = 0.280, p = .757, ηp
2 = 0.010. A significant interaction effect of task type and stimulation was found, F(2, 57) 

= 3.406, p = .04, ηp
2 = 0.107. Simple main effect analysis showed that features task (M = 0.123s, SD = 0.167s) had a larger improvement in reaction 

time compared to whole face task (M = 0.036s, SD = 0.187s) after FFA stimulation, F(1, 19) = 6.35, p = .021, η2 = 0.25. No difference between 
features task and whole face task was found for OFA stimulation, F(1, 19) = 1.267, p = .274, η2 = 0.063, and sham stimulation, F(1, 19) = 2.207, p =
.154, η2 = 0.104. 

Additionally, a 3 (stimulation type: OFA vs. FFA vs. sham) × 3 (feature type: eyes vs. nose vs. mouth) × 2 (session: pre vs. post) mixed ANOVA was 
conducted on median reaction times for correct responses as a post-hoc exploratory analysis to investigate whether there were any differences across 
facial features recognition following the OFA and FFA stimulation (Fig. 13). No main effect of stimulation type, F(2, 57) = 0.660, p = .521, ηp

2 = 0.023 
and feature type, F(2, 114) = 0.656, p = .521, ηp

2 = 0.011 was found. A significant main effect of session was found, F(1, 57) = 29.837, p < .001, ηp
2 =

0.344, where pre-stimulation trials (M = 1.149s, SD = 0.282s) had longer reaction time compared to post-stimulation trials (M = 1.041s, SD = 0.277s). 
Analysis also revealed no interaction effect of stimulation type and feature type, F(4, 114) = 0.920, p = .455, ηp

2 = 0.031, no interaction effect of 
stimulation type and session, F(2, 57) = 0.866, p = .426, ηp

2 = 0.029, no interaction effect of feature type and session, F(2, 114) = 2.270, p = .108, ηp
2 =

0.038 and no three-way interaction effect of stimulation type, feature type and session was found, F(4, 114) = 0.718, p = .581, ηp
2 = 0.025.

Fig. 12. Accuracy (post-minus pre-stimulation) and reaction time (pre-minus post-stimulation) of features and whole face recognition tasks for OFA, FFA and sham 
stimulation. Error bars represent 95% confidence interval.  
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Fig. 13. Accuracy (post-minus pre-stimulation) and reaction time (pre-minus post-stimulation) of facial features recognition tasks for OFA, FFA and sham stimu
lation. Error bars represent 95% confidence interval. 
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