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Abstract 

Face recognition ability is important for social interaction that occurs in our everyday lives. 

Given the importance of faces in social interactions, losing the ability to recognize faces may produce 

devastating consequences for an individual’s social life. Improvement of face recognition ability is 

important not only for individuals with facial recognition deficits, but also for national security. Thus, the 

main aim of this thesis is to examine the effect of transcranial direct current stimulation (tDCS) and 

cognitive training on own- and other-race face recognition. 

Chapter two focuses on examining the role of the occipital face area (OFA) and the fusiform face 

area (FFA) in the recognition of individual facial features and whole faces using multifocal tDCS. The 

results indicated that multifocal tDCS applied to the FFA led to increased efficiency for facial feature 

recognition while no effect of OFA stimulation on either facial feature or whole face recognition was 

found. Chapter three investigated how anodal and cathodal tDCS could affect the recognition of own- and 

other-race faces. In the course of this study, we created and evaluated a new Asian version of the 

Cambridge Face Memory Test (CFMT) (i.e., CFMT – Chinese Malaysian (CFMT-MY)). Our evaluation 

of the CFMT-MY showed high consistency and high reliability and therefore exhibits potential utility in 

facilitating the diagnosis of individuals with difficulty in face recognition in clinical settings, the 

measurement of individual differences in face recognition ability and the measurement of the other-race 

effect. However, we found no effect of a-tDCS and c-tDCS on either own- or other-race face recognition. 

Chapter four focuses on the benefits of learning identity via multiple high variation exposure on 

own- and other-race faces. The findings showed enhanced own-race face learning (i.e., face recognition 

and face-name association) for identities learned in high variability condition compared to low variability 

condition. However, identities learned in high variability condition only benefited other-race face 

recognition, but not face-name association. Finally, chapter five aims to examine if the benefits of 

learning identity via high variation multiple exposure could be applied to individuals with prosopagnosia. 
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We found no effect of variability on face learning for either suspected developmental prosopagnosics 

(DP) or neurotypical participants. 

 Overall, our results showed that tDCS improved facial feature recognition but not own- and 

other-race whole face recognition. Thus, tDCS might have limited effects on improving face recognition. 

Additionally, our results showed enhanced own- and other-race face recognition for identities learned 

with multiple exposure in high variation settings. However, this effect was not found for suspected DPs 

and neurotypical participants. This discrepancy in results could be due to the low sample size of suspected 

DPs and neurotypical participants in Experiment 5.  
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Chapter 1 – Introduction 

Face recognition ability is vital for a wide range of social interactions and we tend to use our 

facial recognition skills very often in our daily lives (Jack & Schyns, 2015). Faces can provide useful 

information such as the emotion (Frith, 2009), gender (Reddy et al., 2004), age (Rhodes & Anastasi, 

2012) and personality and health status (Jones et al., 2012) of an individual. Although face recognition 

ability is used extensively in our daily lives, research has shown that we are not experts in recognizing 

unfamiliar faces (Bruce et al., 1999; A. W. Young & Burton, 2018) and occasionally we may even have 

difficulties in recognizing familiar faces (A. W. Young et al., 1985). For example, some research has 

shown that when cashiers have to match the photograph on a credit card to the actual face of the shopper, 

more than half of the fraudulent cards were accepted by them (Kemp et al., 1997). Also, high error rates 

have been reported when matching the identity of an unfamiliar face on closed circuit television (CCTV) 

to photographs, even when high-quality footage and photographs were used (Henderson et al., 2001; see 

also Davis & Valentine, 2009).  

Given the catastrophic consequences that wrong identification might have in applied scenarios, it 

is important to develop effective ways of improving face recognition ability for occupations related to 

national security that require high face recognition skills (e.g., passport and police officers) and 

eyewitness testimonies. Improving face recognition ability is also vital for individuals with certain 

developmental and neurological disorders that are associated with face recognition deficits such as 

acquired and developmental prosopagnosia (Rossion, 2014) and autism (Weigelt et al., 2012). Individuals 

with prosopagnosia may face difficulties in recognizing their family members (Busigny & Rossion, 2010) 

and occasionally their own face (Parketny et al., 2015). Failure in recognizing family members or friends 

could contribute to negative consequences such as feelings of embarrassment and guilt which may build 

up anxiety and fear of social interaction and a lower level of self-confidence (Dalrymple, Fletcher, et al., 

2014; Yardley et al., 2008). Thus, it is important to examine the potential rehabilitation for neurological 

disorders that are associated with face recognition deficits. 
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In the following section, we will discuss some important concepts in face recognition literature, 

such as holistic processing and its neural underpinnings. Then, in section 1.2 we will elaborate on some 

potential methods of improving face recognition ability, mainly, the transcranial electrical stimulation and 

cognitive face training. 

 

1.1 Face recognition  

Faces are thought to be a special category of stimuli as faces are recognized differently compared 

to objects (McKone et al., 2007; Robbins & McKone, 2007). Human faces possess the ability to capture 

attention automatically (Theeuwes & Van der Stigchel, 2006) and they are more easily detected compared 

to animal faces or non-face objects (Hershler & Hochstein, 2005; Langton et al., 2008). Additionally, 

faces are processed more holistically (as a whole) compared to objects (Tanaka & Farah, 1993; Yin, 

1969) and research has identified several specific brain regions specialized for face processing (Haxby et 

al., 2000). In this section, we will discuss how faces are processed as a whole instead of by parts (holistic 

processing described in the next section), face processing models, evidence for face-specific brain regions 

such as the fusiform face area, occipital face area and superior temporal sulcus, the other-race effect in 

recognizing faces and the neurological disorder associated with face recognition, specifically 

prosopagnosia. 

 

1.1.1 Holistic processing of faces  

The first section on face recognition begins with an exploration of holistic processing within the 

realm of face processing. Upright faces are usually processed holistically or as a whole (Tanaka & Farah, 

1993). Holistic processing could be defined as “the simultaneous integration of the multiple parts of a 

face into a single perceptual representation” (Rossion, 2013). However, the term “holistic processing” 

could carry a different meaning (Kimchi & Amishav, 2010; Maurer et al., 2002; Piepers & Robbins, 

2012). For example, Maurer and colleagues (2002) identified three types of configural processing which 

include holistic processing (perceiving features of the face as a whole), first-order relations (two eyes 
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above a nose and mouth) and second-order relations (the spacing among features of the face). The terms 

“holistic” and “configural” have been used interchangeably in the literature (see Rossion, 2013) and so in 

this thesis, these terms will be used as synonyms. 

One of the measures of holistic face processing is the face inversion effect (FIE). The FIE is a 

phenomenon where inverted faces are more difficult to identify compared to upright faces (Yin, 1969). It 

is considered that inverting a face causes disruption in perceiving faces as a whole or holistically, thus the 

face is processed by the individual face parts (Van Belle et al., 2010). When faces are processed by the 

individual face parts, the process could be termed as part-based processing, featural processing, piecemeal 

processing or analytical processing (Collishaw & Hole, 2000). However, it is important to note that the 

FIE has been proposed to be an indirect measure of face holistic processing as the effect only causes 

disruption to holistic face processing without directly manipulating holistic or part-based processing 

(Tanaka & Simonyi, 2016).  

Other standard measures of holistic processing are the part-whole task and the composite face 

task. In the part-whole task, recognition of facial features of a face is easier when they are presented in a 

whole face context compared to when they are presented in isolation (Tanaka & Farah, 1993). Tanaka and 

colleagues (1993) found that this holistic effect is specific to normal, upright faces as the effect was not 

found for inverted faces, scrambled faces or non-face objects. The composite face effect occurs when the 

top half of the face is more difficult to recognize when it is aligned with a different lower half face to 

form an overall face shape (Figure 1.1) (A. W. Young et al., 1987). The effect disappears when the top 

and bottom halves of faces are misaligned. This supports the idea that holistic processing of faces takes 

place as it shows that the individual parts of a face could not be perceived independently when presented 

in an aligned manner. These two tasks are direct measures of holistic processing that measure the second-

order relations which are crucial for discriminating between faces of different identities (Maurer et al., 

2002; Piepers & Robbins, 2012). 
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Figure 1.1  

Example of face stimuli in composite face task: top half aligned with a different lower half face (left) and 

misaligned top and bottom half of faces (right). 

              

 

A less commonly used measure of holistic processing is the Mooney face task (Figure 1.2). 

Mooney faces developed by Mooney (1957) are drawings of faces presented in solid black and white that 

show an incomplete representation of faces (Moscovitch et al., 1997). Featural processing of Mooney 

faces is not possible as the Mooney faces contain an incomplete representation of faces, hence viewing it 

as a whole is required to process Mooney faces (Latinus & Taylor, 2005). In the Mooney face task, 

participants are shown a series of images and asked to identify whether each image represents a face or a 

non-face object. Mooney face task measures the first-order relations which are crucial for the detection of 

faces (Piepers & Robbins, 2012). 

 

Figure 1.2  

Example of a Mooney face (image taken from Mooney (1957)). 
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However, it is important to note that the different measures for holistic face processing such as 

the face inversion task, part-whole task and the composite face task may be underpinned by different 

perceptual mechanisms. In fact, recent research found low to no correlation between the three holistic 

face processing tasks (Rezlescu et al., 2017). The three holistic measures also predicted face perception 

ability to different extents, as measured with the Cambridge Face Perception Test (Duchaine et al., 2007). 

For instance, the face inversion and the part-whole tasks predicted face perception ability, but the 

association was stronger in the former compared to the latter. Interestingly, the composite face task was 

not associated with face perception ability. This suggests that all three tasks may reflect different types of 

holistic processing that are modulated by different perceptual mechanisms. Additionally, mixed findings 

have been found for the relationship between holistic processing of the face and face identification ability 

(e.g., DeGutis, Wilmer, et al., 2013; Konar et al., 2010). While some studies have found that holistic 

processing of the face as measured by the composite face task and the part-whole task could predict face 

identification skills (DeGutis, Wilmer, et al., 2013; Engfors et al., 2017; Richler et al., 2011), other 

studies found low to no correlation between holistic processing measured by the composite face task and 

face identification (Konar et al., 2010; Rezlescu et al., 2017; R. Wang et al., 2012).  
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1.1.2 Face processing models 

After examining holistic face processing, we will now proceed to elaborate on various models 

that are pivotal to understanding face processing. One of the most influential models in the field of face 

processing is the framework proposed by Bruce and Young (1986). This model describes a series of 

cognitive processes that occur during the processing of faces. The initial stage of the model is structural 

encoding. In this stage, the visual features of a face are extracted and analysed. This comprehensive 

evaluation includes the arrangement, shape, and size of facial features, providing descriptions of the face 

from both a view-centred perspective and an expression-independent perspective. The view-centred 

descriptions are employed for expression analysis and facial speech analysis while the expression-

independent descriptions are subsequently channelled into the face recognition units (FRUs). The FRUs 

store and process information related to familiar faces. When we encounter a face, the corresponding 

FRUs are activated to varying degrees, depending on the resemblance between the processed face and the 

stored representations of familiar faces. The activated FRUs then establish connections with the person 

identity nodes (PINs), which serve as repositories for identity-specific semantic information. PINs store 

semantic information about a person, such as their address, occupation, and other relevant knowledge. 

The PINs facilitate the retrieval of the individual's name, and therefore complete the face recognition 

process. 

Another prominent model in the field of face processing is the face-space model (Valentine, 

1991; Valentine et al., 2016). This model portrays faces as unique points situated within a 

multidimensional space. Each dimension in this space corresponds to a specific facial feature or global 

feature of faces, such as the shape of the eyes or the overall structure of a face. The distances between 

points within this multidimensional space signify the similarity between faces. Faces that share 

similarities in appearance are represented by points positioned in close proximity, whereas faces with 

distinct appearances are positioned at greater distances from one another. According to this model, we 

undergo a cognitive process when encountering a novel face where we assess its resemblance to familiar 
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faces by measuring the spatial distances between the points within the face-space. This model is often 

associated with the ORE, a phenomenon that will be discussed in section 1.1.4. 

 

1.1.3 Face-selective brain regions 

Building upon our discussion of face processing models in the previous section, we now shift our 

focus to the neural underpinnings of face recognition. Previous work has suggested three regions in the 

occipital-temporal cortex as the main neural network in face processing: the fusiform face area (FFA) 

located in the lateral fusiform gyrus, the occipital face area (OFA) located in the lateral inferior occipital 

gyri and the superior temporal sulcus (STS) (Haxby et al., 2000). The three regions can usually be located 

in both the left and right hemispheres but research has suggested a right hemisphere lateralization for face 

processing (de Heering & Rossion, 2015; Grill-Spector et al., 2018; Rangarajan et al., 2014; G. Rhodes, 

1993). For instance, electrical stimulation of the fusiform gyrus in the right hemisphere led to disruption 

of face perception but this effect was absent during stimulation of the left hemisphere (Rangarajan et al., 

2014). Also, face-selective regions in the right hemisphere are usually larger compared to the left 

hemisphere (Bukowski et al., 2013).  

Haxby et al.'s (2000) neural model of face processing (Figure 1.3) was constructed based on the 

framework proposed by Bruce and Young (1986) and these two models exhibit some similarities. For 

instance, both models suggested a hierarchical or multi-stage processing mechanism for faces, implying 

that faces are processed in a series of stages. Additionally, both models highlight the significance of 

specific facial features or components in the process of recognizing faces, such as the eyes, nose, and 

mouth. According to the Haxby et al. (2000) model, face processing in the human brain is accomplished 

by a distributed neural system. The core system consists of three regions in the occipitotemporal visual 

extrastriate cortex, namely the FFA, OFA, and STS. The OFA's anatomical location suggests that it may 

process the early perception of facial features and provide input to both the FFA and STS regions. The 

FFA appears to be more involved in facial identity representation, while the STS appears to be more 

involved in the changeable aspects of faces. The extended system includes additional neural systems such 
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as the intraparietal sulcus, auditory cortex, amygdala, and anterior temporal region, which are involved in 

further processing, such as spatial attention, speech perception, emotion, and the representation of 

biographical and autobiographical knowledge. 

Based on the model by Haxby et al. (2000), OFA seems to be the sole entry point into the wider 

face network, however, contradicting evidence has been found. For instance, patients with lesions to the 

brain region where the OFA is usually located still showed face-selective activation in the FFA (Rossion 

et al., 2003; Steeves et al., 2006). Other than that, it has been shown that STS responded more to moving 

faces compared to static faces while OFA and FFA exhibit less response or no response at all for moving 

faces (Fox, Iaria, et al., 2009; Pitcher et al., 2019; Schultz & Pilz, 2009). These findings suggest that STS 

may be receiving input from the motion-selective brain region rather than the OFA (O’Toole et al., 2002). 

Also, research has found cortical connections between motion-selective brain regions and the STS 

(Gschwind et al., 2012). The findings discussed challenged the hypothesis that the only entry point into 

the extended face network is through the OFA. 

 

Figure 1.3   

Haxby et al. (2000) anatomical model of face perception (image adapted from Haxby et al., 2000). 
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1.1.3.1 Occipital face area (OFA) and fusiform face area (FFA)  

The face-selective region located in the inferior occipital gyri was identified and named OFA by 

Gauthier et al. (2000). Additionally, prior fMRI studies have identified another face-selective region in 

the fusiform gyrus, known as the FFA, which is activated specifically by faces (Kanwisher et al., 1997; 

McCarthy et al., 1997). The neural model of face processing proposed by Haxby et al. (2000) considers 

that the OFA is involved in the early stages of face processing (i.e., structural encoding, see Bruce and 

Young, 1986) whereas the FFA is involved in processing facial identity. Involvement of the OFA in the 

early stages of face processing is evident by the fact that the response for faces in the OFA preceded the 

response for faces in FFA and STS by approximately 60ms, as measured by event-related potential (ERP) 

(Sadeh et al., 2010). Additionally, OFA has been suggested to be involved in the representation of face 

parts such as the eyes, nose and mouth (Pitcher, Walsh, et al., 2011). This was supported by the findings 

of Pitcher and colleagues (2007) who found that disruption of discrimination of face parts occurred when 

repetitive transcranial magnetic stimulation (rTMS) was administered to OFA, however, there was no 

effect on the discrimination of the spacing between the face parts. 

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, 

Moon, 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, 

Moon, et al., 2009; Nichols et al., 2010) irrespective of whether the features were arranged in a scrambled 

or normal configuration (J. Liu et al., 2010).  
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The FFA, in contrast, was more responsive to features that were arranged in a normal 

configuration compared to a scrambled configuration (J. 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 & Kanwisher, 2005) and the composite face task (Schiltz et al., 2010; Schiltz & Rossion, 2006), it 

has been found that the FFA showed an increased response to holistically intact faces (i.e., upright faces 

and top-half and bottom-half aligned faces) compared to the OFA (Nichols et al., 2010). Other than the 

measures of holistic processing, the FFA was also found to be responsive to changes in identity or 

expression (Fox, Moon, 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; G. Rhodes, Michie, et al., 2009; Rivolta et al., 2012) and facial 

identity processing (Ambrus et al., 2017; Xu & Biederman, 2010) (which both involve whole face 

representation) and the involvement of the FFA in the perception of individual facial features (Yovel & 

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 (G. Rhodes, 

Michie, et al., 2009). Furthermore, it has been shown that TMS and anodal transcranial direct current 

stimulation (tDCS) to the OFA disrupt Mooney face detection (Bona et al., 2016; Renzi et al., 2015). 

Mooney faces are drawings of faces presented in solid black and white that show an 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 & 

Taylor, 2005). Hence, the disruption of Mooney face detection after TMS and tDCS to the OFA further 

supports the involvement of the 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).  
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Additionally, an fMRI study has demonstrated that the FFA was not only involved in holistic face 

processing, but also in facial feature 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 & 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 processing 

itself.  

In summary, the findings discussed suggest that the OFA and the FFA might have overlapping 

roles in the face recognition process where both regions might be involved in the representation of 

individual face parts and also in the representation of whole faces. 

 

1.1.3.2 Superior temporal sulcus (STS)  

Past fMRI study has also identified a face-selective region in the posterior part of the superior 

temporal sulcus that was referred to as the STS (T. Allison et al., 2000). The STS has been proposed to be 

involved in changeable aspects of faces which consist of dynamic facial information such as perception of 

eye gaze, expression and lip movement (Haxby et al., 2000). For example, although all three face-

selective regions (OFA, FFA and STS) showed a greater response to dynamic faces compared to static 

faces, the response of STS to dynamic faces showed a greater increase compared to the OFA and FFA 

(Fox, Iaria, et al., 2009). Conversely, another study found that while the OFA and FFA did not respond 

differently to dynamic faces and static faces, the right posterior STS responded nearly three times more 

strongly to dynamic faces compared to static faces and the right anterior STS responded only to dynamic 

but not static faces (Pitcher, Dilks, et al., 2011). More importantly, both the right posterior and anterior 

STS responded more to moving faces than moving bodies, indicating that the STS was involved in 

processing face-specific dynamic information. Furthermore, theta burst transcranial magnetic stimulation 

(TBS) which caused disruption to the OFA reduced response to static but not dynamic faces, while 

disruption to STS reduced response to dynamic but not static faces (Pitcher et al., 2014). Taken together, 
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the findings presented indicate that the STS plays a significant role in the processing of dynamic facial 

information. 

 

1.1.4 The other-race effect 

Having explored the neural foundations of face recognition in the preceding section, we shift our 

focus to exploring the phenomenon known as the other-race effect (ORE) to understand the variations in 

the recognition of different faces. The ORE (also known as the own race bias, cross race effect or cross 

race bias) which could be found across different races and countries is a robust psychological effect where 

humans tend to show superiority in the identification of same-race faces compared to other-race faces 

(Malpass & Kravitz, 1969; Meissner & Brigham, 2001). Faces from different races may vary in their 

facial morphology such as the average shape of the face, hair and skin color (Farkas et al., 2005). 

However, ORE has also been found among different European subpopulations that have minor 

differences in their facial morphology (McKone et al., 2011). The ORE seems to be present at an early 

age, as research has suggested that the development of the ORE started at six-months of age and was 

present at nine-months of age (Kelly et al., 2007). Racial group membership could affect perceptual 

preference whereby infants as early as three-month old attended more to same-race faces compared to 

other-race faces (Kelly et al., 2005).  

One potential explanation for the ORE is the experience-based holistic account also known as the 

contact hypothesis (Rossion & Michel, 2011). Humans tend to develop a higher level of perceptual 

expertise for faces that are more often seen in their everyday lives, which are generally faces of their own 

race. This would lead to the ORE as there is a higher level of perceptual expertise for same-race faces and 

a lower level of perceptual expertise for other-race faces (Tanaka et al., 2013). The familiarity and 

experience with the faces then enhance learning of the facial physiognomy of the faces experienced which 

could be used in differentiating the faces experienced.  

The experience-based holistic account is in line with the principles of the face-space model 

(Valentine, 1991; Valentine et al., 2016). According to this model, faces situated at the center or origin 
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point of the model mainly consist of faces acquired through prolonged exposure. In this context, the faces 

at the center point often belong to individual’s same-race faces since they are usually exposed to and 

interact more frequently with people of their same race. Conversely, faces of other-race are dissimilar to 

these commonly seen faces and are consequently located further away from the origin point within the 

face-space.  

Manipulation that disrupts face recognition accuracy, such as presenting faces in an inverted 

orientation, leads to an increase in encoding errors. However, these encoding errors tend to pose greater 

challenges in recognizing commonly seen faces (same-race) compared to distinctive faces (other-race). 

This is because commonly seen faces occupy a more densely clustered region within the face-space in 

comparison to distinctive faces. Therefore, an increase in encoding errors is more likely to cause 

confusion in identifying commonly seen faces than distinctive faces. Indeed, when faces are inverted, the 

impairment in the accuracy of recognition memory for distinctive faces tends to be less pronounced than 

for commonly seen faces (Megreya et al., 2011; Valentine, 1991). This observation highlights the distinct 

recognition processes for own-race and other-race faces, which arise from varying exposure durations. 

Furthermore, as the experience with the facial physiognomy of same-race faces increases, the 

holistic representation of same-race faces is enhanced, and as a result, other-race faces are represented 

less holistically (Rossion & Michel, 2011). Hence, other-race faces are recognized using a more featural 

processing approach and this leads to greater difficulty in recognizing other-race faces as compared to 

same-race faces. Past work has provided compelling evidence showing that same-race faces are processed 

more holistically compared to other-race faces (Megreya et al., 2011; Michel et al., 2007; Tanaka et al., 

2004). For example, identical face stimuli were processed more holistically when categorized as same-

race compared to other-race faces suggesting that race categorization changes the holistic processing of 

faces (Michel et al., 2007). Additionally, greater matching performance and stronger inversion effects 

have been reported for same-race faces compared with other-race faces indicating that SR faces were 

processed more holistically as compared to other-race faces (Megreya et al., 2011). Similarly, Tanaka and 



TDCS AND COGNITIVE TRAINING IN FACE RECOGNITION - 14 

 

colleagues (2004) in their study revealed that Caucasians processed their own race faces more holistically 

compared to Asian faces using a part whole task. 

However, impairment in holistic processing for other-race faces has not always been found 

(Crookes et al., 2013; Mondloch et al., 2010; Tanaka et al., 2004; Wong et al., 2021). For instance, Asian 

participants demonstrated a similar extent of holistic processing for same-race faces and Caucasian faces 

regardless of whether the Asian participants recruited were living in predominantly other-race 

(Caucasian) surroundings (Tanaka et al., 2004) or same-race (Hong Kong) surroundings (Crookes et al., 

2013). The absence of disruption in holistic processing for other-race faces has been replicated with 

African and Caucasian participants perceiving Chinese faces as well (Mondloch et al., 2010; Wong et al., 

2021). These findings contradict the assumption that reduced holistic representation for other-race faces 

contributes to the ORE.  

Moreover, it is unclear whether, and if so, which type of holistic processing is affected by the 

ORE. As mentioned before, holistic or configural processing could be differentiated into three types: 

holistic processing (perceiving features of the face as a whole), first-order relations (two eyes above a 

nose and mouth) and second-order relations (the spacing among features of the face) (Maurer et al., 

2002). Studies have indicated that same-race and other-race faces were processed holistically to a similar 

extent, however, second-order relational information was processed less for other-race faces than for 

same-race faces suggesting that other-race faces influence the processing of second-order relational 

information rather than holistic processing (Lewis & Hills, 2018; Mondloch et al., 2010). These results 

suggest that the ORE could arise due to reduced sensitivity of spacing among facial features for other-race 

faces but not due to disruption of perceiving the other-race faces as a whole.  

Another possible explanation for ORE is the social motivation approach (Hugenberg et al., 2007; 

MacLin & Malpass, 2001; Sporer, 2001). This approach suggests that other-race faces are more difficult 

to recognize due to the categorization of other-race faces as out-group members (Hugenberg & Corneille, 

2009) and reduced motivation to recognize other-race faces (Pauker et al., 2009). For example, when 

white and black faces were categorized by race, participants recognized same-race faces more accurately 
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than other-race faces, but when the same faces were categorized by university, participants recognized 

faces that were linked to their own university more accurately than faces that were linked to other 

university regardless of race (Hehman et al., 2010). This suggests that social categorization of faces could 

affect face recognition ability with a preference for in-group members. In line with this, same-race faces 

that were categorized as in-group members were recognized more accurately (Bernstein et al., 2007; 

Shriver et al., 2008) and more holistically (Hugenberg & Corneille, 2009) compared to same-race faces 

that were categorized as out-group members. These studies suggest that merely categorizing faces as in- 

or out-group members could affect how faces are perceived, thus supporting the idea that social 

categorization could contribute to the ORE. 

Past work has also suggested that ORE could be modulated by motivational factors (Hugenberg et 

al., 2007; Pauker et al., 2009; S. G. Young & Hugenberg, 2012) and emotions (Ackerman et al., 2006; 

Johnson & Fredrickson, 2005). For instance, increasing motivation by creating awareness of ORE and 

encouraging participants to attend to individuating facial features of other-race faces eliminated the ORE 

(Hugenberg et al., 2007; G. Rhodes, Locke, et al., 2009; S. G. Young et al., 2010; S. G. Young & 

Hugenberg, 2012). Other than that, the ORE was eliminated when participants were presented with racial 

inclusive motivation (i.e., informing participants that prejudiced individuals tend to exclude other-race 

faces from their group), but not when participants were presented with accuracy motivation (i.e., 

instructing participants to do their best to remember the faces correctly) (Pauker et al., 2009). In line with 

this, inducing negative emotions such as anger to facilitate individuation of facial features (Ackerman et 

al., 2006; S. G. Young & Hugenberg, 2012) and positive emotions such as joy to reduce the salience of 

group differences (Johnson & Fredrickson, 2005) tends to diminish the ORE as well. These findings 

suggest that motivation could indeed contribute to the ORE where individuals tend to have reduced 

motivation to individuate other-race faces leading to the ORE. 

When contact hypothesis and social motivation were conjointly investigated, it was reported that 

experience with other-race individuals improved recognition of other-race faces in the presence of 

motivation (i.e., instructions from the experimenter as in Hugenberg et al. (2007)), but not in the absence 
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of motivation (S. G. Young & Hugenberg, 2012). This suggests that ORE could not be explained solely 

by experience with other-race individuals or social motivation alone, rather, both components are 

interconnected in their contribution to ORE. However, this finding is not always replicated as some 

studies have found no effect of motivation (as in Hugenberg et al. (2007)) on ORE, at all levels of 

experience with other-race individuals (Tullis et al., 2014; Wan et al., 2015). Wan and colleagues (2015) 

explained that the inconsistency in findings may be explained by socio-economic status, where social 

motivation contributed to the ORE only when the other-race faces presented were of different socio-

economic status (e.g., Caucasian participants viewing Black faces (Hugenberg et al., 2007; Pauker et al., 

2009; G. Rhodes, Locke, et al., 2009; S. G. Young et al., 2010; S. G. Young & Hugenberg, 2012)), but 

not when the other-race faces presented were of equal socio-economic status (e.g., Caucasian participants 

viewing Asian faces (Tullis et al., 2014; Wan et al., 2015). In other words, only experience with other-

race individuals, but not social motivation contributed to ORE when the other-race faces presented were 

of equal socio-economic status. In sum, it could be concluded that the amount of contribution of 

experience with other-race individuals and social motivation to the ORE would differ depending on 

cultural settings. 

 

1.1.5 Prosopagnosia   

Following our exploration of disparities in recognizing faces of different races, we will explore 

the condition known as prosopagnosia in this final section, offering detailed insights into the potential 

underlying factors contributing to diminished face recognition abilities in certain individuals. 

Prosopagnosia, also known as face blindness, is a visual impairment that affects face recognition despite 

intact visual acuity and intelligence (Ellis & Young, 1988; Francis et al., 2002; McConachie, 1976; 

Rossion, 2014). Developmental prosopagnosia or congenital prosopagnosia is a neurodevelopmental 

disorder where individuals fail to develop their face recognition ability without any history of brain injury 

(Brunsdon et al., 2006; Cook & Biotti, 2016; Palermo et al., 2011), as opposed to acquired prosopagnosia 

which occurs when an individual suffers from brain injury and loses their ability to recognize faces 
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(Barton, 2008; Davies-Thompson et al., 2014). The prevalence of developmental prosopagnosia was 

estimated to be up to 5.42% for adults (DeGutis et al., 2023; Kennerknecht et al., 2006, 2008) and 5.2% 

for children (Bennetts et al., 2017). In addition to deficits in face recognition, some individuals with 

prosopagnosia also show deficits in object recognition (Geskin & Behrmann, 2018; Gray et al., 2019) 

while others show no such difficulty (Busigny et al., 2010; Duchaine et al., 2006).  

Individuals with prosopagnosia typically use compensatory strategies such as identifying a person 

by their voice, gait, hairstyle or clothing; however, such strategies do not always work and could be 

mentally draining (Adams et al., 2020; Cook & Biotti, 2016). For example, changes in appearance such as 

hairstyles or situations where uniforms are required, can cause failure of the compensatory strategy. 

Failure in recognizing familiar identities on social occasions could contribute to devastating consequences 

such as feelings of embarrassment and guilt, which may lead to high levels of anxiety and fear of social 

interaction as well as long-term consequences such as limited employment opportunities and a lowered 

level of self-confidence (Dalrymple, Fletcher, et al., 2014; Yardley et al., 2008). Hence, it is important to 

examine the causes of face recognition deficits in prosopagnosia and its potential rehabilitation.  

It was postulated that face recognition deficits in prosopagnosia may be contributed to by deficits 

in holistic processing of faces as described in Chapter 1 (section 1.1.1), but the findings reported are 

inconclusive. For instance, some research has reported that prosopagnosics showed impaired holistic 

processing in a face inversion task (Busigny & Rossion, 2010), part-whole task (Busigny et al., 2010; J. 

Towler et al., 2018) and a composite face task (Avidan et al., 2011; T. T. Liu & Behrmann, 2014; 

Palermo et al., 2011; Ramon et al., 2010). These findings suggest that individuals with prosopagnosia 

show abnormal holistic processing of faces. Contrarily, it was found that similar to neurotypical 

participants, participants with prosopagnosia were better at face recognition when faces were presented as 

a whole as opposed to when faces were presented in an aperture paradigm (face stimuli were viewed 

through a dynamic window obstructing holistic processing) (Tsantani et al., 2020). This suggests that 

individuals with prosopagnosia could process faces holistically to the same extent as neurotypical 

individuals. In line with this, several other studies have reported the presence of normal composite face 
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effects in prosopagnosics (Biotti et al., 2017; Le Grand et al., 2006; Susilo et al., 2010; Ulrich et al., 

2017). Thus, it is unclear whether abnormal holistic processing of faces contributes to face recognition 

deficits in prosopagnosia. However, a recent study has proposed that face recognition deficits in 

prosopagnosia could stem from two types of face processing deficits: holistic processing and featural 

processing (Bennetts et al., 2022). Using a two-stage cluster analysis on a widely used face perception 

task (i.e., the Cambridge Face Perception Task), two separate clusters of individuals with developmental 

prosopagnosia were identified in the study. These clusters were not distinguished by their performance on 

either upright face perception tasks or non-face processing tasks. However, the two clusters differed in 

their face inversion task performance, with one cluster showing the typical face inversion effect while the 

other cluster did not. This indicates that there could be multiple perceptual deficits underlying face 

recognition impairments in prosopagnosia. 

Face recognition deficits in prosopagnosia could also be explained by differences in face viewing 

strategies. Neurotypical participants usually observe the eyes and mouth for successful face recognition 

(Tardif et al., 2019). However, individuals with prosopagnosia are impaired in processing the eyes when 

recognizing faces (DeGutis et al., 2012; Fisher et al., 2016). For instance, individuals with prosopagnosia 

demonstrated a lack of holistic advantage in a part-whole task in trials where the eyes were substituted, 

but exhibited a normal holistic advantage when the mouth was substituted. Furthermore, individuals with 

more severe prosopagnosia spend less time observing the internal region of the face (eyes, nose and 

mouth) (Bobak et al., 2017). Viewing the internal features is important because viewing the eyes and 

mouth is strongly correlated with face recognition ability (Tardif et al., 2019). Overall, these studies 

indicate that facial information used for face recognition differs between prosopagnosics and neurotypical 

individuals. 

 

1.2 Improving face recognition ability 

As discussed before, face recognition ability is important for social interactions that occur in our 

everyday lives (Jack & Schyns, 2015). Given the importance of faces in social interactions, losing the 
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ability to recognize faces may produce devastating consequences in an individual’s social life such as a 

high level of anxiety, avoidance of social interaction and lowered levels of self-confidence (Yardley et al., 

2008). Developing an effective way to enhance face recognition ability could also be important for 

national security as occupations such as passport officers and police officers require high facial 

recognition skills but these professions are not better than the general population despite having more 

experience and having received face recognition training (White, Kemp, Jenkins, Matheson, et al., 2014). 

Additionally, improvement of face recognition ability is also important for individuals with certain 

developmental and neurological disorders that are associated with facial recognition deficits such as 

individuals with prosopagnosia. In the following sections, we will discuss some potential methods that 

could be used to improve face recognition abilities including transcranial electrical stimulation, cognitive 

training and other methods available such as collaboration and oxytocin.  

 

1.2.1 Transcranial electrical stimulation (TES) 

Electrical stimulation has a very long history, starting in ancient Greece, where electric fish were 

used as a source of electricity in an early attempt to use electrical stimulation (Sarmiento et al., 2016). 

Electric fish have been used to treat headaches (Kellaway, 1946) and epilepsy (Priori, 2003) by placing 

the fish on the human scalp and brow, but it is unclear how the effects were measured. In the present time, 

electrical stimulation can be applied using a non-invasive brain stimulation technique namely, transcranial 

electrical stimulation (TES) where a low-level intensity electrical current is delivered between two or 

more electrodes attached to the scalp to modulate neuronal excitability (Reed & Cohen Kadosh, 2018). 

Over recent years, TES has been applied to improve cognitive abilities such as numerical competence 

(Cohen Kadosh et al., 2010), working memory (Ke et al., 2019) and multitasking performance (Hsu et al., 

2017). It has also been used to reduce symptoms of neurological and psychiatric disorders such as 

schizophrenia (Shiozawa et al., 2013) and depression (Loo et al., 2012 but see also Martin et al., 2018). 

Research has also shown that addictions such as smoking (Fregni et al., 2008), alcohol (Boggio et al., 

2008) and food cravings (Goldman et al., 2011) could be reduced by the application of TES. In terms of 
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safety issues, a review paper has shown that low intensity TES is a safe technique among healthy adults 

(Antal et al., 2017). In this section, the three main forms of TES: transcranial direct current stimulation 

(tDCS), transcranial alternating current stimulation (tACS) and transcranial random noise stimulation 

(tRNS) will be discussed followed by the factors that could affect the effectiveness of TES. 

 

1.2.1.1 Transcranial direct current stimulation (tDCS)  

In tDCS, a direct current between 0.5 and 2 mA is typically applied (Zaghi et al., 2010a) and 

cortical excitability is altered based on electrode polarity (Nitsche & Paulus, 2000; Yamada & Sumiyoshi, 

2021) (Figure 1.4). Anodal tDCS (a-tDCS) is postulated to cause neuronal depolarization, where it 

increases neuronal excitability increasing the chances of neural firing and leading to a performance 

enhancement. On the other hand, cathodal tDCS (c-tDCS) is postulated to cause neuronal 

hyperpolarization, where it decreases neuronal excitability inhibiting the chances of neural firing and 

leading to performance decline. However, tDCS may not always function in such a way, as a meta-

analytical review has found that while anodal stimulation often led to performance enhancement, the 

effects from cathodal stimulation were less clear (Jacobson et al., 2012).  

 

Figure 1.4  

An example of stimulation waveform graph for 1.5mA of a-tDCS (left) and 1.5mA c-tDCS (right). 
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Action potential is a phase that occurs when neurons are transmitting electrical signals (Huxley, 

1972). During action potential, there is a change in voltage across the membrane due to the flow of ions 

such as potassium, sodium and chloride in and out of the neuron. TDCS brings the neurons closer to the 

firing threshold without eliciting an action potential (Bikson et al., 2004). Hence, it can be concluded that 

tDCS modulates the resting membrane potential of neurons by bringing the state of the neurons closer to 

or further away from the threshold potential (approximately -55mV) that is required to elicit an action 

potential. In this way, tDCS is able to increase or decrease the excitability of the neurons. 

“Montage” refers to the number of electrodes and the arrangement of electrode positions and 

polarity. The traditional tDCS montage consists of two large sponge electrodes (35 cm2), where the 

current flows from the anode to the cathode (Nitsche & Paulus, 2000). The target electrode will be placed 

over the target area and the return electrode will be placed over either the intracephalic (other regions on 

the head) or extracephalic region (out of the head regions such as the shoulder). As traditional montage 

uses large sponge electrodes, it provides low focality stimulation to the target area. 

As opposed to the traditional montage, high-definition tDCS (HD-tDCS) provides increased 

focality by using electrodes with a smaller surface area (Nikolin et al., 2019). There are several different 

types of montage for HD-tDCS stimulation. One type of HD-tDCS montage consists of two small 

electrodes to maximize the intensity at the target region (Brunyé et al., 2017). Another type of HD-tDCS 

montage is the 4 × 1 ring configuration. In this montage, there is one central electrode which is the target 

electrode (anode or cathode) surrounded by four other return electrodes (Villamar et al., 2013). It has 

been hypothesized that this montage could increase the focality of the stimulation by limiting the spread 

of the current flow towards regions that are outside of the target region (Datta et al., 2009). Hence, the 

stimulation is modulating specifically the neurons in the target region only. The 4 × 1 montage also 

provides a longer lasting after-effect, specifically 30 minutes more compared to the traditional montage 

(Kuo et al., 2013). 

Multifocal tDCS is a type of montage that is similar to HD-tDCS. However, it provides not only 

better focality of stimulation, but it is also more effective in increasing cortical excitability compared to 
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traditional 2-electrodes tDCS montage (Fischer et al., 2017). Multifocal tDCS uses multiple electrodes to 

stimulate a target region. In this montage, multiple electrodes will be used as the target electrode and 

return electrode. The electrodes are applied with a range of different current intensities. The number of 

electrodes, position of each electrode and current intensity for each electrode are specified by 

mathematical calculation (for more information, see Ruffini et al., 2014). 

Past research investigating the duration of the tDCS after-effect has shown that five minutes of 1 

mA a-tDCS could generate five minutes of after-effect on cortical excitability (Nitsche & Paulus, 2000) 

whereas nine minutes of 1 mA c-tDCS could generate an after-effect lasting up to one hour (Nitsche et al., 

2003). Additionally, it has also been reported that nine to 13 minutes of 1 mA a-tDCS could generate an 

after-effect on cortical excitability lasting up to a maximum duration of one hour and 30 minutes (Nitsche 

& Paulus, 2001). These findings suggested that the tDCS duration equal to or longer than nine minutes 

could generate an after-effect on the cortical excitability that lasts for a minimum of one hour. However, 

this after-effect on cortical excitability was not reflected in cognitive tasks, as the effect of tDCS on 

cognitive tasks only lasted for 30 minutes after 30 minutes of 1 mA tDCS (Ohn et al., 2008). Thus, the 

after-effect on cortical excitability may last longer than the after-effect of cognitive enhancement after 

stimulation. 

Previous studies have applied tDCS to various cognitive domains. For example, it has been 

demonstrated that tDCS applied to the parietal lobes enhanced numerical competence and this 

improvement persisted six months after a six-day training programme (Cohen Kadosh et al., 2010). 

Additionally, tDCS applied over the left dorsolateral prefrontal cortex (DLPFC) has been shown to 

increase performance on working memory tasks (Ke et al., 2019). Research has also found that tDCS 

could produce improvement in language where tDCS to the left posterior temporal cortex generated 

higher scores in the test of word reading efficiency (Turkeltaub et al., 2012). This finding suggests that 

tDCS could potentially benefit individuals with dyslexia. TDCS has also been used to increase vigilance 

which could have great implications for occupations that require sustained attention (Nelson et al., 2014).  
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However, it is important to note that the application of tDCS could cause cognitive side effects. 

For instance, tDCS to the posterior parietal cortex enhanced numerical learning while automaticity for the 

learned material was impaired (Iuculano & Kadosh, 2013). The same study also showed an opposite 

pattern when tDCS was applied to the dorsolateral prefrontal cortex: automaticity for the learned material 

was enhanced while numerical learning was impaired. This double dissociation demonstrated that 

improving one cognitive area via tDCS could occur at the expense of another cognitive area. 

 

1.2.1.2 Transcranial alternating current stimulation (tACS)  

As opposed to tDCS which applies a constant current, tACS oscillates a balanced sinusoidal 

current at a chosen frequency and amplitude to interact with the brain’s natural cortical oscillations 

(Figure 1.5). Neural oscillations are repetitive patterns of electrical activity produced by the neurons in 

the brain that can be measured at different frequencies. These frequencies (number of cycles per second) 

are described as delta waves (less than 4Hz), theta waves (4-8Hz), alpha waves (8-12Hz), beta waves (12-

30Hz) and finally gamma waves (more than 30Hz) (Moran & Hong, 2011). TACS has been shown to be 

able to entrain neuronal oscillations in the brain where it could modulate our brain’s natural oscillation to 

be similar to the frequency of tACS applied (Reato et al., 2013). Past research has indicated that tACS 

could induce alpha brain waves, showing that tACS can induce changes in the electrical activity of the 

brain (Zaehle et al., 2010). This may have important implications as artificially enhanced alpha activity 

could improve cognitive performance (Klimesch et al., 2003; Zoefel et al., 2011). 

 

Figure 1.5 

An example of stimulation waveform graph of 1mA tACS. 
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1.2.1.3 Transcranial random noise stimulation (tRNS)  

Similar to tACS, tRNS applies an alternating current, but the current is applied at random 

amplitudes and frequencies (Figure 1.6). TRNS has been shown to be able to increase cortical excitability, 

possibly by inducing neuronal depolarization (Terney et al., 2008). Research has indicated that a brief 

duration of five minutes of tRNS can increase cortical excitability (Chaieb et al., 2011), and high-

frequency tRNS (ranging from 100–640 Hz) can enhance cortical excitability at both electrode sites 

(Pirulli et al., 2016). This differs from tDCS where the anodal site usually enhances excitability while the 

cathodal site usually inhibits excitability of the cortex (Nitsche & Paulus, 2000; but see also Jacobson et 

al., 2012). Furthermore, high and low frequency tRNS have been shown to have an opposing effect, 

where high-frequency tRNS decreased visual illusions, specifically motion after-effect duration while 

low-frequency tRNS increased motion after-effect duration (Campana et al., 2016).  

 

Figure 1.6 

An example of stimulation waveform graph of tRNS. 
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1.2.1.4 Factors that modulate the effectiveness of different TES techniques  

The effectiveness of different TES techniques can be modulated by different parameters, such as 

the TES protocol, state of the brain, hormones, age and individual differences (Krause & Cohen Kadosh, 

2014). Firstly, parameters of the TES protocol such as the current and the position of electrodes are 

known to affect TES. For instance, it has been hypothesized that higher current intensity could lead to a 

stronger tDCS effect (Nitsche & Paulus, 2000), however, the relationship between current intensity and 

the effect of tDCS is still unclear (Esmaeilpour et al., 2018). In fact, increasing the current intensity of 

tDCS does not always increase the efficiency of the stimulation and, in some cases, may reverse the effect 

expected of the stimulation type. To illustrate, c-tDCS is expected to cause inhibition of cortical 

excitability (Nitsche & Paulus, 2000). However, while 1 mA of c-tDCS led to decreased cortical 

excitability, when the current intensity was increased to 2 mA, the effect reversed and led to increased 

cortical excitability instead (Batsikadze et al., 2013). Similarly, a low intensity current of 0.4 mA led to 

decreased cortical excitability whereas a high intensity current of 1 mA led to increased cortical 

excitability for both tACS and tRNS (Moliadze et al., 2012). Based on these findings, it seems that 

increasing the current intensity does not always increase the effectiveness of TES but could change the 

direction of the stimulation effect (e.g., from excitation to inhibition of cortical excitability). However, the 

specific current intensity threshold for each TES protocol (e.g., for a-tDCS) to change the direction of the 

stimulation effect is unclear. The duration of stimulation could also influence the effect of the stimulation. 

For example, a-tDCS resulted in increased cortical excitability when stimulation duration was less than 26 
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minutes, however when stimulation duration exceeded 26 minutes, a-tDCS resulted in decreased cortical 

excitability (Hassanzahraee et al., 2020). Similar to current intensity, the specific stimulation duration 

threshold for each TES protocol (e.g. c-tDCS, tRNS and tACS) to change the direction of the stimulation 

effect is unclear.  

Other than the current intensity and duration of stimulation, the position of the electrodes could 

also influence the stimulation effect. For example, a reference electrode placed in the extracephalic region 

resulted in a larger current density compared to the intracephalic region (Noetscher et al., 2014). This 

suggests that the position of the reference electrode can affect the effectiveness of the stimulation as it 

changes the current density generated from the stimulation. The effect of stimulation is also dependent on 

the type of montage. For instance, HD-tDCS and multifocal montage provide better focality, a longer 

lasting after-effect and are also more effective in increasing cortical excitability compared to the 

traditional montage (Fischer et al., 2017; Kuo et al., 2013). Additionally, the frequency of stimulation 

could impact the stimulation effect as well. Receiving tDCS sessions daily resulted in greater increase in 

cortical excitability as compared to receiving the sessions every second day (Alonzo et al., 2012). This 

indicates that greater cortical excitability could be accumulated by increasing the number of tDCS 

sessions. Overall, these studies have shown that parameters of the TES protocol could greatly influence 

the effect of TES. 

The second factor is the state of the individual brain (i.e., the level of neural activity in the brain). 

Although crucial, this factor is difficult to control. It is known that the state of the brain could influence 

the effects of TMS where less active neurons respond more strongly to TMS (Silvanto et al., 2007, 2008). 

Similarly, it has been shown that the initial state of the brain could also influence the effects of TES 

(Thirugnanasambandam et al., 2011). The effect of tDCS could be affected by the tasks performed during 

stimulation, including cognitive tasks and motor behaviors (Antal et al., 2007). When participants were 

idle during stimulation, a-tDCS was found to enhance cortical excitability while c-tDCS was found to 

decrease cortical excitability. Conversely, when participants engaged in a cognitive task during 

stimulation, a-tDCS was found to decrease cortical excitability and c-tDCS was found to enhance cortical 
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excitability. During motor behaviors, both a-tDCS and c-tDCS were found to decrease cortical 

excitability. Additionally, it has been reported that c-tDCS improved performance on the Flanker task 

when participants were engaged with an unrelated task during the stimulation, whereas performance 

decreased when participants were engaged with a task using similar cognitive demands as the Flanker 

task (Nozari et al., 2014). Hence, these findings indicate the importance of controlling the task given 

during stimulation as it affects the state of the brain and, in turn, the effect of TES. The state of the brain 

could also be influenced by sleep patterns. Cortical excitability tends to increase with the duration of time 

awake and decreases with sleep (Huber et al., 2013). This suggests that differences in sleep patterns 

among participants could affect the stimulation effects, as the initial state of the brain during the 

experiment will vary according to each participant’s circadian rhythm. Therefore, the reviewed findings 

showed that the effect of TES is dependent on the state of the brain, which could be induced by activity 

performed during stimulation and individual sleep patterns. 

Neurotransmitter levels can also influence cortical excitability, thereby influencing the 

stimulation effect (McLaren et al., 2018). To illustrate, serotonin has been found to prolong the cortical 

excitability excitation period following the application of a-tDCS and reverse the effect of c-tDCS where 

the stimulation led to excitation instead of inhibition of cortical excitability (Nitsche et al., 2009). Hence, 

it is clear that the neurotransmitter level in the brain, such as serotonin, could modulate the effect of TES. 

The efficacy of TES is also dependent on the head and brain anatomy. The complex brain anatomy which 

consists of folds and grooves (i.e., gyri and sulci) is known to affect the electric field generated by TES 

(Datta et al., 2012; Miranda et al., 2013). Additionally, head anatomy, such as head size, tissue thickness 

and fat distribution in the head can also affect the electric field (Bikson et al., 2012; Truong et al., 2013). 

The conductivity of the skull, skin and grey matter in the brain also plays a crucial role in determining the 

electric field generated by TES (Salvador et al., 2012). Hence, the findings presented showed that the 

effect of TES, specifically the electric field generated by the stimulation is highly dependent on the 

individual head and brain anatomy. 
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The third factor that is known to influence the effect of TES is hormones. Hormone levels in 

females are mainly modulated by the menstrual cycle, which has two main stages: the follicular stage 

(high level of estrogen and low level of progesterone) and the luteal stage (moderate level of estrogen and 

high level of progesterone). Cortical excitability typically increases during the follicular stage and 

decreases during the luteal stage (Smith et al., 2002). During the luteal stage, inhibition of cortical 

excitability by TMS is enhanced as compared to the follicular phase (Smith et al., 1999). Additionally, 

research has shown that a-tDCS increased cortical excitability more for females compared to males, but 

there was no difference found for c-tDCS (Chaieb et al., 2008). However, the ongoing menstrual stage of 

the female participants was not recorded in the study. Hormone levels could be controlled in an 

experiment by recruiting females during the follicular stage of the menstrual cycle, as at that stage, the 

level of cortical excitability is similar to that of males (Inghilleri et al., 2004). Therefore, by recruiting 

female participants during the follicular stage, experimenters can ensure that female and male participants 

will have a similar level of cortical excitability before receiving the stimulation. Some research has also 

recruited only male participants for TES studies to avoid hormone level as a confounding variable (e.g., 

Alonzo et al., 2012). 

Fourthly, the effect of TES is dependent on age. In the process of ageing, brain structures such as 

the cerebellum, hippocampus and white matter tend to decline (Raz et al., 2005) along with 

neurotransmitter levels such as gamma-aminobutyric acid (GABA) (Gao et al., 2013). As discussed 

previously, brain structure and neurotransmitter levels could affect the electric field generated by TES, 

hence age is a potential factor that could influence the effect of TES. For example, tACS, but not tRNS, 

improved phoneme processing among adolescents with dyslexia (10 – 16 years). In contrast, tRNS 

produced greater improvement in phoneme processing compared to tACS among adults with dyslexia (20 

– 45 years) (Rufener et al., 2019). It was also found that tRNS decreased performance in visual perceptual 

learning only in adult participants and not in older adult participants (Fertonani et al., 2019). More 

interestingly, contrasting and hemisphere-dependent effects of TES have been found among adults and 

older adults. For instance, stimulation of the right anterior temporal lobe improved face naming among 
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adults whereas stimulation of the left anterior temporal lobe stimulation improved face naming among 

older adults (Ross et al., 2010, 2011). These findings demonstrated that age could influence the effect of 

TES. 

The proficiency of an individual in the task could also have an impact on the effect of TES. 

Individuals with lower proficiency in a task showed greater improvement after TES (Brunyé et al., 2014; 

Tseng et al., 2012). For example, individuals with lower working memory capacity improved on the 

visual short-term memory task after receiving tDCS, whereas tDCS has no effect on individuals with 

higher working memory capacity (Tseng et al., 2012). This finding was extended to the spatial sense of 

direction and navigation performance as well (Brunyé et al., 2014). Furthermore, earlier studies have 

found that the effect of tDCS is more apparent when the task difficulty is greater, as seen in areas such as 

arithmetic (Pope & Miall, 2012; Popescu et al., 2016; Rütsche et al., 2015), working memory (Gill et al., 

2015; Vergallito et al., 2018) and attention (Nelson et al., 2014; Reteig et al., 2017). Similarly, 

performance enhancement in video games following tDCS effects was observed only when participants 

were multitasking but not when participants were executing a single task (Hsu et al., 2015). Interestingly, 

tDCS has been found to impair performance in discriminating face view in individuals who possess 

higher proficiency in this task, while improving performance in those who are less proficient (Wu et al., 

2021). These results imply that TES might only be effective for individuals with lower task proficiency or 

for tasks with higher levels of difficulty. 

In addition, tDCS may only enhance the performance of individuals with high anxiety levels and 

could potentially impede the performance of those with low anxiety levels because research has found 

that after tDCS, individuals with high mathematics anxiety were faster, whereas individuals with low 

mathematics anxiety were slower on an arithmetic task (Sarkar et al., 2014). The effect of TES also 

appears to be influenced by differences in education level. Older adults with a higher number of years of 

education improved in a working memory task after receiving tDCS, whereas tDCS had no effect on older 

adults with a lower number of years of education (Berryhill & Jones, 2012). The authors suggested that 

this was because the two groups (high education and low education) applied different working memory 
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strategies during task completion. Therefore, the findings presented demonstrated that proficiency with 

tasks, task difficulty, anxiety level and education level could influence the effect of TES. 

In conclusion, several factors that could potentially influence the efficacy of TES could be 

controlled during experimental design (e.g., hormone level and age), while other factors may be more 

difficult to control (e.g., head and brain anatomy). However, how some factors such as the current 

intensity and stimulation duration could influence the effect of TES is still unclear to date. The factors 

discussed in this section also showed that the effect of TES may vary across different experiments 

investigating the same topic (e.g., different age groups recruited in different experiments, variation in 

menstrual phase of female participants recruited, different parameters of TES used) or even across 

participants recruited in the same study (e.g., different head and brain anatomy, studies that did not 

account for individual differences). These factors should be carefully considered and addressed in TES 

experiments in order to obtain reliable and accurate data. 

 

1.2.1.5 The effect of TES on face processing  

Given the importance of face recognition in both daily interactions and security settings, the 

relationship between TES and face recognition has attracted increasing research interest in the past 

decade. Several studies have demonstrated that TES has the potential to enhance face identification 

abilities (Barbieri et al., 2016; Gonzalez-Perez et al., 2019; Romanska et al., 2015). For example, it has 

been shown that offline (stimulation applied before task execution) 1.5mA of a-tDCS administered to the 

right occipital cortex enhanced both face perception and face memory, while no effect of online 

(stimulation applied during task execution) stimulation was found (Barbieri et al., 2016). This suggests 

that offline stimulation may work better than online stimulation in terms of improving face identification. 

However, the effect of a-tDCS found in Barbieri et al. (2016) was not face-specific as it also improved 

object perception and object memory. This could be due to the utilization of the traditional two-electrode 

montage with large sponge electrodes, which could have led to low-focality stimulation of the target area. 

In line with this, high-focality stimulation applying 1.5mA of a-tDCS using two smaller electrodes 



TDCS AND COGNITIVE TRAINING IN FACE RECOGNITION - 31 

 

targeting the FFA has been shown to enhance face memory but not object memory (Brunyé et al., 2017). 

However, it should be noted that face identification improvements following tDCS have 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 

the use of the traditional two-electrode montage. Because both studies used a traditional two-electrode 

montage with large sponge electrodes, this may have caused low-focality stimulation of the target area. 

Consequently, the current flow may have spread towards non-target regions, generating noise in the data.  

Research has also shown that 1.5mA of a-tDCS to the right anterior temporal lobes improved face 

naming but not landmark naming (Ross et al., 2010, 2011). In addition to tDCS, success in face 

identification improvement has also been found using tACS and tRNS. In terms of tACS, research has 

shown that 40Hz gamma-tACS on the right occipital cortex improved accuracy on the face perception 

task but not the face memory task (Gonzalez-Perez et al., 2019). High-frequency tRNS administered to 

the occipitotemporal cortex has been shown to improve accuracy in the Cambridge Face Perception Task 

(CFPT)-Identity which examined participant’s abilities in perceiving the differences between facial 

identities presented (Romanska et al., 2015, but see Willis et al., 2019) and enhance unfamiliar face 

matching performance (Estudillo et al., 2023). Thus, the findings reviewed suggest that TES could 

potentially enhance face identification abilities.  

TES could also potentially affect the holistic processing of faces. For example, it has been shown 

that 2mA of a-tDCS targeting the OFA could interfere with Mooney face detection (Renzi et al., 2015). 

Results of this study showed that although there was no difference in accuracy of the baseline score in the 

Mooney face task between the OFA stimulation group and the control group (i.e., sham stimulation 

group), after the stimulation session, participants in the OFA stimulation group had lower accuracy in the 

task compared to the control group. This demonstrated that a-tDCS on OFA could interfere with the 

detection of Mooney faces. Interestingly, they found that OFA stimulation had no effect on the composite 

face task. Altogether, these results suggest that a-tDCS on OFA disrupted holistic processing for face 

detection (i.e., Mooney face task), but not for face discrimination (i.e., composite face task). However, a 
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different study showed that 1.5mA of tDCS on the occipitotemporal cortex was able to reduce the 

composite face effect compared to sham stimulation (Yang et al., 2014). In this study, the polarity of the 

current (i.e., anodal and cathodal) did not change the effect of the stimulation. Taken together, these 

studies indicated that tDCS could modulate the holistic processing of faces, and further studies are 

required to investigate the specific impact of tDCS on this aspect of face processing. 

The N170 is an event-related potential (ERP) component that is specific for faces (Bentin et al., 

1996). Past research has indicated that 1.5mA of tDCS on the occipitotemporal cortex was able to reduce 

the amplitude of N170 in the right hemisphere (Yang et al., 2014). Reduction of the N170 may indicate 

facilitation of face processing, as previous research has suggested that inverted faces led to an increment 

of the N170 amplitude (Sadeh & Yovel, 2010). Therefore, an increment in N170 amplitude may indicate 

the use of an additional neural mechanism, as processing inverted faces was more difficult. Additionally, 

the effect of 1.5mA of tDCS applied to the DLPFC during a face learning session has been investigated 

(Lafontaine et al., 2013). The findings showed that when the anode was positioned on the right DLPFC 

and the cathode was positioned on the left DLPFC, the stimulation led to a shorter reaction time and 

reduced N170 amplitude. Conversely, when the cathode was positioned on the right DLPFC and the 

anode was positioned on the left DLPFC, the stimulation led to a longer reaction time and increased N170 

amplitude. This suggests that a-tDCS applied to the right DLPFC facilitated the learning of unfamiliar 

faces whereas c-tDCS applied to the right DLPFC impaired the learning of unfamiliar faces. Altogether, 

these findings showed that tDCS could potentially modulate the amplitude of N170. 

It has also been demonstrated that TES has the potential to modulate facial emotion processing. 

For example, 2mA of a-tDCS to the right orbitofrontal cortex improved reaction time and the accuracy of 

facial expression recognition (Willis et al., 2015). Additionally, 40Hz of gamma-tACS administered to 

the occipital area has been shown to increase accuracy in the Cambridge Face Perception Angry 

Expression (CFPT-Angry) (Janik et al., 2015). This implies that modulating gamma oscillations in the 

occipital area could facilitate facial anger perception. Furthermore, high-frequency tRNS to the inferior 

frontal cortex in older adults has been shown to improve performance in CFPT-Angry but not CFPT-
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Happy and CFPT-Identity, showing that tRNS to the inferior frontal cortex could facilitate face anger 

perception, but had no effect on face identity and happiness perception (Yang & Banissy, 2017). Thus, 

these findings showed that TES could enhance facial emotion perception, specifically anger perception. 

Overall, the majority of the research done in the area of TES and face processing has demonstrated that 

TES could modulate face processing ability and could potentially be used as a tool to improve face 

recognition abilities. 

 

1.2.2 Cognitive training 

Aside from the TES described in the previous section, cognitive training has been widely used as 

a method to improve face processing ability. In this section, we will explore the application of cognitive 

training in various settings, including national security (A. Towler et al., 2019), rehabilitation for 

prosopagnosia patients (DeGutis, Cohan, et al., 2013), learning new identities through multiple exposure 

to a face (Dowsett et al., 2016), and feedback (White, Kemp, Jenkins, & Burton, 2014). Various types of 

cognitive training have been investigated in previous work, including face-shape strategy (A. Towler et 

al., 2014), facial feature comparison (A. Towler et al., 2017), feature spacing categorization to improve 

holistic processing (DeGutis et al., 2014) and learning identities in high within-person variability 

condition (Ritchie & Burton, 2017). The effectiveness of these forms of cognitive training will be further 

discussed in the upcoming sections. 

 

1.2.2.1 Professional face training  

Inconsistent findings have been reported on the effectiveness of professional face training offered 

to occupations related to national security. It has been shown that passport control officers who have 

received professional training in the task and have years of experience were not better than the general 

population in a face matching task (White, Kemp, Jenkins, Matheson, et al., 2014) and the face-shape 

strategy typically used in professional face training tasks was ineffective in improving face matching 

ability (A. Towler et al., 2014). More recently, a study examining four types of professional face training 



TDCS AND COGNITIVE TRAINING IN FACE RECOGNITION - 34 

 

courses provided to occupations related to national security across the world found that short courses, 

which consist of one hour or half a day, did not improve face identification ability, although the majority 

of the trainees (93%) believed that their performance had improved (A. Towler et al., 2019). However, 

some improvements were found after a three-day face training course involving facial feature comparison. 

Specifically, participants showed improvement in a face matching task and a face inversion task but not in 

a casework task (face matching using frontal images such as mug shots and CCTV) or a feature rating 

task (rating the similarity of facial features before face matching trials). This is concerning because the 

training course did not improve performance on the casework task that was designed to mimic the day-to-

day tasks of police officers. Additionally, participants showed no improvement in the feature rating task, 

suggesting that there were no improvements in the examination of facial features, although the training 

emphasized facial feature comparison. 

In Chapter 1 (section 1.1.1), we discussed how normal faces (upright) are usually recognized 

through holistic processing and abnormal faces (inverted) are processed by the individual face parts. We 

will now discuss the rationale for adopting facial feature comparison instead of holistic processing to 

improve normal face recognition in professional training courses. To date, two types of face experts have 

been identified and studied: super-recognizers and forensic facial examiners (Russell et al., 2009; White 

et al., 2015). Super-recognizers are individuals who are naturally talented in face recognition ability 

without any form of face training (Russell et al., 2009) (not to be confused with super-memorizers, see 

Ramon et al. 2016). Forensic facial examiners on the other hand are trained face experts who consistently 

outperform the normal population in face matching tasks (Phillips et al., 2018; A. Towler et al., 2017; 

White et al., 2015). Although both face experts possess superior face ability, super-recognizers did not 

receive any form of face training whereas forensic facial examiners received professional face training to 

develop their face recognition abilities. This suggests that face training was effective for forensic facial 

examiners despite being mostly ineffective for other individuals such as police officers and passport 

control officers (A. Towler et al., 2014, 2019). More importantly, super-recognizers and forensic facial 

examiners seem to employ different strategies when recognizing faces. Super-recognizers were shown to 
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experience a larger face inversion effect (FIE) (Russell et al., 2009) whereas forensic facial examiners 

were shown to experience a lesser FIE when compared to the general population (White et al., 2015). 

Inverted faces are more difficult to recognize compared to upright faces as they cause disruption in 

perceiving faces holistically, thus the face is perceived by the facial features (Van Belle et al., 2010). The 

difference in FIE indicates that super-recognizers employ holistic processing whereas forensic facial 

examiners employ a feature-by-feature strategy when recognizing faces. Indeed, forensic facial examiners 

have been shown to use a slow, systematic, feature-based comparison strategy, which leads to higher face 

matching accuracy (A. Towler et al., 2017). Hence, it could be concluded that utilizing facial feature 

comparison in professional face training courses may be more beneficial compared to holistic processing.  

In line with this, research has shown that the facial feature comparison strategy was indeed 

beneficial for improving face matching among the general population (Megreya & Bindemann, 2018; A. 

Towler et al., 2017, 2021, but see A. Towler et al., 2019). For example, accuracy in face matching 

improved when participants were instructed to rate the similarity of 11 facial features between two faces 

before deciding if the two faces depicted the same or a different person (A. Towler et al., 2017). 

Conversely, general verbal instructions asking the participants to compare the faces feature-by-feature in 

a face matching task did not improve accuracy (Megreya, 2018). Facial feature specific verbal 

instructions (e.g., asking participants to compare the eyebrows) however, successfully increased face 

matching accuracy (Megreya & Bindemann, 2018). The authors also found that only specific facial 

features increased face matching accuracy: for instance, while instructing the participant to compare the 

eyebrows increased accuracy, comparing the ears decreased accuracy and comparing the eyes did not 

affect accuracy. A different study however, found that instructing participants to focus on the ears and 

facial marks (e.g., blemishes) enhanced face matching accuracy (A. Towler et al., 2021). Consistent with 

this, another study has shown that participants could successfully utilize the presence and location of 

facial marks (i.e., moles) to enhance face matching accuracy (Fysh & Bindemann, 2022). However, it is 

important to note that the advantage of the facial feature comparison strategy in face matching tasks does 

not extend to the identification of other-race faces (Megreya & Bindemann, 2018).  
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In sum, it can be concluded that making facial feature comparisons is an effective strategy for 

improving face perception of same-race faces. Additionally, long training courses should be adopted for 

occupations related to national security as opposed to short training courses, as they have been shown to 

be ineffective in enhancing face recognition ability. 

 

1.2.2.2 Rehabilitation of prosopagnosia  

Improving face recognition ability is not only important for national security but also for 

individuals with prosopagnosia (see section 1.1.5). Past attempts at rehabilitation for prosopagnosia have 

shown varying success (e.g., Brunsdon et al., 2006; Ellis & Young, 1988; Schmalzl et al., 2008). Two 

main types of training have been investigated: remedial and compensatory (Bate & Bennetts, 2014). 

Remedial training focuses on improving the normal face recognition mechanism (i.e., holistic processing) 

whereas compensatory training focuses on developing a compensatory mechanism for face recognition 

(i.e., facial feature comparison). An earlier study using remedial training found that several training 

programs such as image matching of familiar, unfamiliar and computer-generated schematic faces and 

learning name-face association were ineffective in improving face recognition for a prosopagnosic patient 

(Ellis & Young, 1988). Conversely, a later study found that face matching training was effective in 

improving face perception, even for untrained faces (Bate et al., 2015). The patient also more often 

observed the internal facial features (e.g., eyes) after the training. This is important because 

prosopagnosics are often impaired with processing of the internal facial features (Bobak et al., 2017), 

especially the eyes (DeGutis et al., 2012; Fisher et al., 2016). Additionally, holistic face processing 

training (i.e., categorization of faces by spatial configuration, such as distance between the nose and 

mouth) has been shown to be successful in improving face recognition in prosopagnosic patients 

(DeGutis et al., 2007, 2014). After training, improvements were found in tasks related to holistic 

processing and front-view face matching (DeGutis et al., 2014) and the benefits of training were 

generalized to untrained faces (DeGutis et al., 2007). However, the patient reported that the training 



TDCS AND COGNITIVE TRAINING IN FACE RECOGNITION - 37 

 

benefits declined after several weeks without training (DeGutis et al., 2007). Hence, the benefits of the 

training need to be maintained by retraining over time. 

Successful attempts have also been reported using compensatory training. For example, studies 

that trained prosopagnosics to memorize family members using age, gender and three prominent features 

of the face (e.g., size of nostril, freckles and shape of eyebrow) reported improvement in recognizing 

trained faces (Brunsdon et al., 2006; Schmalzl et al., 2008), but not for untrained faces (Brunsdon et al., 

2006). The patient also spent more time observing the internal facial features (e.g., eyes) and showed less 

reliance on the external features (e.g., hair) for face recognition after training, and this viewing strategy 

was applied for untrained faces as well (Schmalzl et al., 2008). The facial feature description training 

where statements about specific features of the target face were provided (e.g., “This is Casey. She has a 

large forehead and small eyes.”) has also been shown to improve face recognition for prosopagnosics 

(Powell et al., 2008). Success in improving face recognition for prosopagnosics has also been reported 

using the mnemonic method (i.e., name of a person is linked to a phonemically similar object in a mental 

image, and a prominent facial feature and semantic information are integrated into the same image) 

however, the patient later reported that the benefits of training were difficult to integrate into daily life as 

the mnemonic method requires high cognitive demands (Francis et al., 2002).  

Overall, there have been some successful attempts in the rehabilitation of prosopagnosia, but with 

some drawbacks, such as continuous training being required to maintain improvements and high 

cognitive demands required for some compensatory training. Hence, when compared with the benefits 

from compensatory training, the benefits from remedial training may be more easily applied in real life as 

it enhance the normal automatic behavior of recognizing faces. 

 

1.2.2.3 Learning new identities  

Familiar faces are more easily recognized compared to unfamiliar faces (Bruce et al., 2001). We 

are able to recognize familiar faces in different viewing conditions (e.g., differences in lighting) but this is 

seemingly difficult for unfamiliar faces (Sinha et al., 2006). For example, minor differences such as 
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viewing angle (Favelle et al., 2011), changes in lighting, viewpoint or expression (Bruce, 1982; Estudillo, 

2012; Estudillo & Bindemann, 2014; Longmore et al., 2008) could deter unfamiliar face recognition. 

Familiar faces are thought to have a robust representation in the memory which is built up from multiple 

exposures to a face in different contexts (Burton et al., 2005; Jenkins & Burton, 2011; Johnston & 

Edmonds, 2009). Extensive research has then investigated if faces presented in multiple exposure and 

variation could enhance the learning of new identities (e.g., Dowsett et al., 2016; Ritchie et al., 2021; 

White, Burton, Jenkins, & Kemp, 2014).  

Previous work has shown that multiple exposures to an identity could increase face matching 

accuracy (Andrews et al., 2015; Matthews & Mondloch, 2018; Menon et al., 2015). For instance, 

simultaneous (White, Burton, et al., 2014) and sequential (Menon et al., 2015) face matching accuracy 

increased when two images of an identity were available for comparison to a target image compared to 

when only one image was available. Face matching accuracy also improved when an average face 

generated from 12 images of an identity was used for comparison as opposed to single-image comparison 

(White, Burton, et al., 2014). Additionally, improvement in face-sorting task performance was found as 

additional photos of the target were presented for comparison (Dowsett et al., 2016; Matthews & 

Mondloch, 2018). Presenting multiple images of a target identity has also been shown to increase 

accuracy in identifying the target in surveillance video footage compared to when only a single image of 

the target was presented (Mileva & Burton, 2019). These studies demonstrate that multiple exposures to a 

face could enhance learning and recognition of a new identity, even when the faces are presented from 

different viewpoints (Hunnisett & Favelle, 2021).  

Although it is clear that multiple exposures to a face could enhance identity learning, to date, the 

optimum number of exposures required for effective identity learning is unclear. For instance, while two-

image comparison has been shown to improve face matching accuracy compared to single-image 

comparison, no difference in face matching accuracy was found between two-image, three-image and 

four-image comparisons (White, Burton, et al., 2014). This result suggests that two-image comparison 

may be sufficient to draw the maximum benefit of multiple exposures for face learning. In another study, 
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it was shown that the effectiveness of presenting three target images during target search in CCTV 

footage was similar to when 16 target images were presented (Mileva & Burton, 2019). In contrast, one 

study found that presenting 96 target-images during the learning phase led to higher accuracy in a later 

face recognition memory task compared to when only six target-images were presented (Murphy et al., 

2015). Overall, the optimum number of exposures for effective learning of new identities is still currently 

unclear as inconsistent results have been reported. 

Apart from multiple exposures, past research has also examined if different levels of variation 

during multiple exposures of an identity could affect identity learning. For instance, it has been found that 

identification accuracy was higher when the two-image comparison presented during a sequential face 

matching task was in a high variability condition (i.e., photos taken on different days that are highly 

dissimilar) compared to a low variability condition (i.e., photos taken on the same day with high 

similarity) (Menon et al., 2015). In line with this study, a different study reported higher accuracy in a 

name verification task and a simultaneous face matching task when unfamiliar identities were learned in 

high variability condition compared to low variability condition (Ritchie & Burton, 2017). Another study 

compared identity learning when viewing a 10 minutes video footage in low variability (i.e., video filmed 

on the same day with the same appearance and lighting) and high variability (i.e., video filmed on 

different days with different appearance and lighting) in children and adults (Baker et al., 2017). Children 

were more accurate in an identity-sorting task after viewing the video footage in high variability condition 

compared to low variability condition, however, this effect was weaker in adult participants. 

In summary, multiple exposures to a face, especially in high variation could improve learning of a 

new identity but not identification in a simultaneous face matching task. More interestingly, this benefit 

could be extended to other-race faces as well (Matthews & Mondloch, 2018). However, the optimum 

number of exposures for effective identity learning remains unclear. It is also important to note that the 

advantage of multiple exposures to a face in high variation in identity learning does not transfer to novel, 

untrained identities (Dowsett et al., 2016; Matthews & Mondloch, 2018). 
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1.2.2.4 Feedback 

It is well known that we are superior at recognizing familiar faces compared to unfamiliar faces 

(Bruce et al., 2001). One possible reason for this may be that we seldom gain feedback on our recognition 

of unfamiliar faces in real world contexts (Jenkins et al., 2011). For example, we gain feedback 

immediately when we greet a familiar identity and they respond to us, or when we mistakenly recognized 

a stranger as a familiar person. Conversely, if we wrongly recognize an unfamiliar face, then we might 

assume that it is a different person, as there is no reason to inspect whether we are right or wrong in 

recognizing an unfamiliar identity. One study found that providing feedback did lead to higher accuracy 

in a face matching task (White, Kemp, Jenkins, & Burton, 2014). More interestingly, the advantage of 

feedback was generalized to new untrained faces where no feedback was provided. Additionally, the 

advantage was specific to participants with lower face recognition abilities. In contrast, another study 

found that providing feedback did not increase face matching accuracy (Alenezi & Bindemann, 2013). 

Instead, feedback only prevented the decline in face matching accuracy that was observed when no 

feedback was given. To conclude, research on feedback and face recognition ability has been limited and 

has had mixed results. Hence, further studies are required to deepen our understanding of the influence of 

feedback on face processing. 

 

1.2.3 Other methods 

In this section, two other methods to increase face recognition ability that have been investigated 

will be described: social methods such as collaboration and biochemical methods such as oxytocin. 

“Wisdom of Crowds” refers to how collaboration or the independent opinions of a group of individuals 

combined is superior to one expert’s opinion (Savage, 2012; Surowiecki, 2004). It has been shown that 

group estimation is frequently more accurate than the best individual estimation (Kerr & Tindale, 2004). 

Two types of collaboration have been investigated in terms of face recognition: social (discussion among 

group members) and non-social (collective judgements from a group of individuals). In terms of social 

collaboration, it has been shown that participants in pairs were more accurate in a face matching task 



TDCS AND COGNITIVE TRAINING IN FACE RECOGNITION - 41 

 

compared to individual participants (Bruce et al., 2001; Dowsett & Burton, 2015). This suggests that face 

identification accuracy could be enhanced by social collaboration. Similarly, non-social collaboration has 

also been shown to increase face recognition accuracy. For instance, combining the responses of a group 

of participants led to higher accuracy in a face matching task (White et al., 2013) and a face recognition 

task (White et al., 2015). Accuracy increased as the number of group members increased, with the 

advantage achieving plateau with eight group members (White et al., 2013). It is evident from these 

studies that the collective judgement of a group of individuals could increase face identification accuracy. 

Thus, it is clear that collaboration, either social or non-social, could lead to improvements in face 

identification.  

Oxytocin is a hormone known for its role in female reproduction (Magon & Kalra, 2011), social 

components such as love, bonding and trust (H. J. Lee et al., 2009) and face recognition (Lopatina et al., 

2018). Past research has shown that inhalation of oxytocin enhances accuracy in face memory tasks 

(Rimmele et al., 2009; Savaskan et al., 2008), even for other-race faces (Blandón-Gitlin et al., 2014), 

indicating that oxytocin could be a potential tool in increasing face recognition ability. Moreover, studies 

have demonstrated that oxytocin can enhance face memory and matching abilities in individuals with 

prosopagnosia (Bate, Cook, et al., 2014). However, this effect was not always replicated, as it has been 

found that oxytocin could impair face recognition ability (Herzmann et al., 2012). Additionally, it has 

been reported that although oxytocin enhanced the accuracy of identifying the target face in a face 

recognition line-up when the target was present, accuracy declined when the target was absent (Bate, 

Bennetts, et al., 2014). The authors conclude that oxytocin increased bias in responding that the target was 

present rather than increasing overall accuracy in identifying the target face. In sum, it is unclear if 

oxytocin could benefit recognition of faces as the current findings presented are inconsistent. 

Taken together, further studies are required to resolve the mixed findings concerning the 

advantage of oxytocin on face recognition. However, findings on collaboration and face recognition are 

promising, with both social and non-social collaboration consistently producing benefits in face 

recognition. 
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1.3 General aim of the thesis 

Despite the wide range of literature on TES and face recognition, relatively little is known about 

the use of multifocal tDCS in targeting the face-specific regions in the brain and how a-tDCS and c-tDCS 

could influence the recognition of other-race faces. Other than that, it is also unclear whether learning 

identity via high variation multiple exposure could be beneficial for prosopagnosic patients and 

improvement of other-race face recognition. Thus, the main aim of this thesis is to examine the effect of 

tDCS (i.e., multifocal, a-tDCS and c-tDCS) and cognitive training (i.e., high variation of multiple 

exposure) on the recognition of own- and other-race faces. 

Chapter 2 focuses on examining the role of the OFA and the FFA in the recognition of individual 

facial features and whole faces using multifocal tDCS. In Experiment 1a, we implemented a within-

subjects design where participants underwent both FFA stimulation and OFA stimulation before 

completing the facial features and whole faces recognition tasks. We included a control condition (i.e., 

sham stimulation) in Experiment 1b to closely examine the unique contributions of the OFA stimulation 

and the FFA stimulation towards recognition of facial features and whole faces using a between-subjects 

design. Chapter 3 investigates how anodal and cathodal tDCS could affect the recognition of own- and 

other-race faces. We created and evaluated a new Asian version of the CFMT (i.e., CFMT – Chinese 

Malaysian (CFMT-MY)) in Experiment 2a and Experiment 2b in order to assess the pre- and post-

stimulation performance of own- and other-race face recognition using different versions of the CFMT in 

Experiment 2c. Chinese Malaysian participants were recruited in Experiment 2a and Caucasian 

participants were recruited in Experiment 2b for the evaluation of CFMT-MY. In Experiment 3, we 

examined the effect of a-tDCS and c-tDCS on the recognition of own- and other-race faces. 

Chapter 4 focuses on the benefits of learning identity via high variation multiple exposures to 

own- and other-race faces. In Experiment 4a, we assessed the performance of face learning for identities 

learned in high variation multiple exposure compared to low variation multiple exposure using a name 

verification task. In Experiment 4b, we assessed the performance of face learning using an old-new 
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recognition paradigm instead of a name verification task, which does not require precise name 

memorization during the testing phase. Finally, Chapter 5 aims to examine if the benefits of learning 

identity via high variation multiple exposure could be applied to individuals with prosopagnosia. In 

Experiment 5, suspected prosopagnosic participants and age-matched neurotypical participants learned 

identities in both high and low variation multiple exposures, and subsequently, face learning was 

measured using a name verification task.  
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Chapter 2 – Investigating the role of OFA and FFA 

using multifocal tDCS   

In Chapter 2, we will examine how stimulation of face-specific brain regions specifically the 

fusiform face area (FFA) and the occipital face area (OFA) could affect face processing ability. Faces are 

thought to be a special category of stimuli as they are recognized differently compared to objects 

(McKone et al., 2007; Robbins & McKone, 2007, although see alternative reviews, Bukach et al., 2006; 

Burns et al., 2019; Gauthier & 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; M. 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). Neuropsychological 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).  

Over the past years, numerous neuroimaging research studies have investigated the role of OFA 

and FFA in face processing (e.g., Schiltz et al., 2010; Yovel & Kanwisher, 2005; Zhang et al., 2012). For 

example, functional magnetic resonance imaging (fMRI) research has indicated that OFA showed greater 

activation for a single feature of the face (e.g., eyes) over a combination of features (e.g., eyes and mouth 

presented together) while FFA showed no difference in activation between a single feature and a 

combination of features (Dachille et al., 2012). OFA has also been shown to be involved in facial feature 

perception whereas FFA was involved in facial identity perception (Fox, Moon, et al., 2009). They found 

that the OFA responded to the structural changes in a face, even when participants did not notice a change 

in the faces. In contrast, FFA responded only when participants noticed a change in identity or expression. 
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Additionally, OFA responded more when face parts were present irrespective of the configuration 

(normal and scrambled) compared to when the face parts were absent (Liu et al., 2010). Similarly, FFA 

showed a larger response when face parts were present compared to when the face parts were absent, 

however, FFA produced a larger response for faces in normal as opposed to scrambled configuration. 

This implies that OFA was sensitive to the presence of face parts irrespective of the configuration (normal 

and scrambled) whereas FFA was sensitive to both the presence of face parts and the face configuration. 

However, a different fMRI study suggested that OFA may be involved in holistic processing of 

faces, as they found that FFA and OFA, but not STS, responded more strongly to faces presented with 

various spacings between face parts compared to a repeated presentation of the same face (G. Rhodes et 

al., 2009). The spacing among features of the face reflects a second-order relation, which is one type of 

configural processing for faces (Maurer et al., 2002). Additionally, TMS to the right OFA disrupted the 

ability to discriminate Mooney faces, indicating the involvement of the OFA in the holistic processing of 

faces (Bona et al., 2016). This finding is in line with a TES study conducted by Renzi et al. (2015), which 

found that applying a-tDSC to the OFA could also disrupt Mooney face detection, suggesting that the 

OFA is involved in holistic processing related to face detection. However, Renzi et al. (2015) also found 

that a-tDSC on the OFA had no impact on the composite face task, implying that the OFA may not be 

involved in holistic processing related to face discrimination. 

In addition, several studies have provided evidence for the involvement of OFA in facial identity 

processing. For example, a fMRI adaptation study conducted by Xu and Biederman (2010) showed that 

while the FFA was sensitive to both face identity and face expression, the OFA was only sensitive to face 

identity. Furthermore, rTMS applied to the right OFA has been shown to impair performance in 

processing face identity and face expression (Kadosh et al., 2010; Solomon-Harris et al., 2013), but had 

no impact on the categorization of intact and scrambled faces (Solomon-Harris et al., 2013). Past research 

also indicated that TMS applied to the right OFA decreased the ability to accurately learn facial identities 

compared to a control condition (Ambrus et al., 2017). The OFA has also been shown to be involved in 

the semantic processing of face identity using a priming paradigm, where the name of a famous person 
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was presented as a prime before the presentation of the target face stimuli, which is the famous face 

(Ambrus et al., 2019). Participants were presented with trials consisting of congruent primes (a famous 

name and face, both of the same identity), incongruent primes (a famous name and a famous face, both of 

different identities) or no prime. The presentation of incongruent primes before the target face stimuli 

tends to decrease performance in recognizing faces. However, the disadvantage of incongruent primes 

disappeared following the application of TMS to the right OFA (Ambrus et al., 2019). This suggests that 

OFA is not only involved in representing facial features but is also sensitive to semantic information. 

Overall, the studies discussed implied that the role of the OFA in face processing extends beyond the 

early stages of face processing. Instead, the OFA is also involved in the later stages of face processing 

that are associated with whole face perception, including holistic processing and face identity processing.  

Previous research has also proposed that the FFA may have a greater involvement in the later 

stages of face processing when compared to the OFA (Nichols et al., 2010; Schiltz et al., 2010; Yovel & 

Kanwisher, 2005). For instance, it has been demonstrated that the FFA, but not the OFA, showed an 

increased response to upright compared to inverted faces (Yovel & Kanwisher, 2005). Additionally, the 

magnitude of the behavioral FIE was positively correlated with the fMRI response in the FFA but not in 

other face-selective (OFA and STS) or object-selective regions, suggesting that the FFA may be a primary 

neural source of FIE. Such a finding may suggest that contributions to holistic face processing are mainly 

from the FFA. Moreover, neurons in the right FFA but not in the OFA responded when faces were 

represented holistically in the composite face task (Schiltz et al., 2010). Similarly, another study reported 

that the FFA responded more to whole faces compared to the OFA (Nichols et al., 2010). Furthermore, 

Zhang and colleagues (2012) have proposed that if the spatial patterns of activation in FFA are relevant to 

the administered face processing task, then these patterns of activation should be more similar in correct 

trials as compared to incorrect trials. Supporting this hypothesis, it was found that the spatial pattern of 

activation in FFA was more similar in correct trials as compared to incorrect trials, but only when the 

facial features were arranged in a normal configuration and not for scrambled faces. This suggests that 

FFA represents faces holistically, and the representation of faces in FFA is not on the basis of individual 
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face components. Other than that, larger holistic effects were found in the FFA compared to the OFA, 

suggesting that the FFA may be more involved in holistic processing and the OFA may represent face 

parts more independently (Schiltz and Rossion, 2006). These studies suggest that the FFA may play a 

larger role in the later stages of face processing that involve whole face perception such as holistic 

processing compared to the OFA. 

However, findings from an earlier fMRI study conducted by Yovel and Kanwisher (2004) 

suggested that the FFA was not only involved in representing faces holistically but was also involved in 

the representation of individual face parts. They 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 in 

faces. 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 processing itself. Overall, it is unclear if the FFA 

only contains representations of faces that are more holistically integrated or if it includes representations 

of individual face parts as well. 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 in face 

recognition using multifocal tDCS. TDCS is a non-invasive brain stimulation technique where a low-

intensity electrical current is delivered between two or more electrodes attached to the scalp in order to 

modulate neuronal excitability (Reed & 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 & Paulus, 2000; Yamada & Sumiyoshi, 2021). Such an increment in the neurons’ 

excitability induced by the application of 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, including face memory (Barbieri et al., 2016; Brunyé et al., 2017) and holistic 

face processing (L. Z. Yang et al., 2014). For example, it has been found that 1.5mA anodal tDCS 

administered to the right occipital cortex improved face memory (Barbieri et al., 2016). However, it 
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should be noted that face processing improvements following tDCS have 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 

two 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 

the 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 study showed that working memory enhancement was solely shown in 

reaction time (Brunoni & Vanderhasselt, 2014), whereas another meta-analysis study 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 confounding 

effects and are not uncommon in tDCS research (e.g., Ankri et al., 2020). 

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 
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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 & Frings, 2019). The effect of applying multifocal tDCS to the OFA and the 

FFA will be explored at a behavioral level where the accuracy and reaction times for the recognition of 

whole faces and facial features (eyes, nose and mouth) will be measured. 

 

2.1 Experiment 1a 

Experiment 1a investigated the functional role of the OFA and the FFA on whole face and facial 

feature recognition using multifocal tDCS. Based on previous work that showed the involvement of the 

OFA in the representation of independent facial features and the FFA in the representation of whole faces 

(Fox, Moon, 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 if tDCS could successfully enhance performance in the recognition tasks. 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 & Kanwisher, 2004), there might be no difference in performance 

for facial feature and whole face recognition between the FFA stimulation and the OFA stimulation. 

 

2.1.1 Methods 

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 & 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 participants received stimulation targeting the OFA for the first session and the other half received 
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stimulation targeting the FFA for the first session. The presentation order of task type was also 

counterbalanced within each kind of stimulation. The dependent variables were accuracy, reaction time 

and efficiency. Reaction times and accuracy were used to calculate the rate-correct score (RCS) (Woltz & 

Was, 2006), a measure of efficiency. RCS is calculated by the number of correct trials divided by the sum 

of reaction times for correct and incorrect trials, thus providing 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 (Vandierendonck, 2017). In addition to efficiency measurements, signal detection measurements 

were included to evaluate participants' ability to distinguish between signals (stimuli) and noise (absence 

of stimuli) (Macmillan & Creelman, 2005; Stanislaw & Todorov, 1999). Sensitivity was calculated using 

the hit rate (proportion of responding yes on signal trials) and the false-alarm rate (proportion of 

responding yes on noise trials) to calculate d-prime. 

 

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, respectively) 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 = .06. The effect size estimate was entered into 

the power analysis with the following parameters: 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 



TDCS AND COGNITIVE TRAINING IN FACE RECOGNITION - 51 

 

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 inclusion and exclusion criteria concerning the application of transcranial electrical 

stimulation (TES) and provided informed consent. Participants were instructed to sleep for at least six 

hours at night and avoid consuming alcohol the day before the experiment session. They were also asked 

to refrain from caffeine for one hour 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' ages 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). 

 

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 facial composite software, Faces 4.0 (IQ Biometrics, US). 

Facial composite software was used as it contains 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. Examples of 

stimuli are shown below in Figure 2.1. The task was administered with an Acer XF240H 24-inch monitor 

with a resolution of 1920 × 1080 pixels. 
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Figure 2.1 

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

scale). 

                  

 

TDCS 

TDCS was delivered through Ag/AgCl electrodes with a 3.14cm2 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 

with 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 excitation 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 & 

Rossion, 2015; Grill-Spector et al., 2018; Rangarajan et al., 2014; G. Rhodes, 1993). 

The standard safety constraint was applied to both parameters, where the maximum total injected 

current was 4mA and the maximum current allowed for each electrode was 2mA. 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) 
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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 (Figure 2.2). Both stimulations lasted for 20 

minutes and the current was ramped up and down for the first and last 30s of stimulation respectively.  

 

Figure 2.2 

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. 
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Note. 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. 

 

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 & Cohen Kadosh, 2014), participants received the two sessions of stimulation at the 

same time of the day (± 1 hour). The order of stimulation type was counterbalanced among the 

participants.  

At the beginning of the experiment, the participant’s head circumference was measured to 

determine 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-participant variability in visual experience during the 

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 80cm from the screen. After the stimulation, participants completed the 

face recognition tasks in a counterbalanced order. Whole face images were presented at a visual angle of 
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13.54° (height) and 9.65° (width), eyes images at 3.58° (height) and 12.84° (width), nose images at 7.15° 

(height) and 6.08° (width) and mouth images at 3.94° (height) and 8.93° (width). 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 stimulus 

type was 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, 

and in each section, participants had to memorize five images and were tested with ten images.  

During the first session, participants were given a brief set of six practice trials with feedback 

before the actual task. There were two phases in each task: the study phase and the test phase. The use of 

stimuli in the study and test phases was counterbalanced among the participants. 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 images. 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, participants 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 one hour for each session.  

 

2.1.2 Results1 

All data were analyzed using JASP version 0.16.3 (JASP Team, 2022). An alpha level of .05 was 

used for all statistical tests.  

 

 
1 Perceived sensation after the FFA and the OFA stimulation can be found in Appendix A. 



TDCS AND COGNITIVE TRAINING IN FACE RECOGNITION - 56 

 

Accuracy 

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 (Figure 2.3). Analysis showed no 

effect of stimulation type, F(1, 34) = .611, p = .440, ηp
2 = .018, or task type, F(1, 34) = .065, p = .801, ηp

2 

= .002. No interaction effect of stimulation type and task type was found, F(1, 34) = .823, p = .371, ηp
2 

= .024. 

 

Reaction time 

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 (Figure 2.3). Analysis showed no effect of stimulation type, F(1, 34) = .098, p = .756, 

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

2 = .254, 

where reaction time for features (M = 1.141s, SD = .268s) was faster compared to whole faces (M = 

1.260s, SD = .437s). No interaction effect of stimulation type and task type was found, F(1, 34) = 1.576, p 

= .218, ηp
2 = .044. 

 

Efficiency 

A 2 (stimulation type: OFA vs. FFA) × 2 (task type: features vs. whole face) repeated-measures 

ANOVA was conducted on RCS (Figure 2.3). Analysis showed no effect of stimulation type, F(1, 34) 

= .076, p = .785, ηp
2 = .002. A significant effect of task type was found, F(1, 34) = 7.608, p = .009, ηp

2 

= .183, where efficiency for features (M = .495, SD = .115) was higher than whole face (M = .466, SD 

= .142). No interaction effect of stimulation type and task type was found, F(1, 34) = .058, p = .811, ηp
2 

= .002. 

 

D-prime 
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A 2 (stimulation type: OFA vs. FFA) × 2 (task type: features vs. whole face) repeated-measures 

ANOVA was conducted on d-prime (d’) (Figure 2.3). Analysis showed no effect of stimulation type, F(1, 

34) = .132, p = .719, ηp
2 = .004, or task type, F(1, 34) = .150, p = .701, ηp

2 = .004. No interaction effect of 

stimulation type and task type was found, F(1, 34) = 1.623, p = .211, ηp
2 = .046. 

 

Figure 2.3 

Measure of accuracy, reaction time, efficiency and d’ for whole faces and features recognition tasks for 

OFA and FFA stimulation. 
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Note. Error bars represent 95% confidence interval. The grey circles and triangles represent the individual 

data, while the orange circle and blue triangles represent the summary statistics. 

 

2.1.3 Discussion 

Our results showed no difference in performance (accuracy, reaction time, efficiency and d’) in 

the face recognition tasks between the FFA and the OFA stimulation. The OFA stimulation did not 

specifically enhance the performance of facial feature recognition 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 delivered but due to the 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), 

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 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 & Pacella, 2015). This is problematic as in-group members are usually 

recognized more easily compared to out-group members (Meissner & 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 & Rossion, 2015). Hence, in Experiment 1b, we 

included a control no-stimulation condition (i.e., sham stimulation) and used real faces as stimuli. 
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2.2 Experiment 1b 

Similar to Experiment 1a, Experiment 1b aims to examine the contributions of OFA and FFA 

stimulation towards performance in the recognition of whole faces and facial features. In Experiment 1b, 

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 & 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 recommended 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 in 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 1b, 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 feature representation while the FFA is involved in whole face 

representation (Nichols, 2010; Fox, Moon, et al., 2009; Pitcher et al., 2007; Schiltz et al., 2010), we 

would expect enhanced performance for whole face recognition following FFA stimulation 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. 
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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 & 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. 

 

2.2.1 Methods 

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 1a, the dependent variables were accuracy, reaction time 

and efficiency. The presentation order of task type was counterbalanced for all participants. 

 

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, offline 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 types 

(FFA, OFA and sham stimulation), two task types (whole faces and facial features) and two session types 

(pre-stimulation and post-stimulation). The effect size was estimated as a medium effect size, ηp
2 = .06. 

The effect size estimate was entered into the power analysis with the following parameters: 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 presented in the 
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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 those of males (for a similar procedure, see Barbieri et 

al., 2016). Female participants were requested to provide the start date of their most recent menstrual 

cycle to determine if they are currently in the follicular phase. 

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 six hours at night and avoid consuming alcohol the day before the experiment session. 

They were also asked to refrain from caffeine for one hour before the session and to avoid applying any 

hair products before each session. Participants’ ages 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. 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). 

 

Apparatus and Materials 

Similar to Experiment 1a, 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 
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then placed on a 800 × 800 pixels black canvas using Adobe Photoshop CS6. Examples of stimuli are 

shown below in Figure 2.4.  

 

Figure 2.4 

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

           

 

TDCS 

Three types of stimulation were used in this experiment: FFA stimulation, OFA stimulation and 

sham stimulation. The montage used for stimulation of the right FFA and the right OFA was as in 

Experiment 1a. 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. 

 

Procedure 

Participants first completed baseline whole face and feature recognition 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 80cm from the screen. Whole 

face images were presented at a visual angle of 10.36° (height) and 7.87°-8.58° (width), eyes images at 

3.08° (height) and 10.21° (width), nose images at 6.94° (height) and 6.58° (width) and mouth images at 

4.44° (height) and 8.36° (width). Participants were given a brief six practice trials session with feedback 
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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 participants had to memorize five images in each block and were then 

tested with ten images. A self-paced break of at least 20 seconds was given after every three blocks. 

There were two phases in each task: the study phase and the test phase. The use of stimuli in the 

study and test phases was counterbalanced among the participants. A fixation cross was presented at the 

center of the screen for 0.5s before the presentation of stimuli in the study and test phases. 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 seconds before moving on to the test phase. In the test phase, the images that were 

presented in the study phase were presented intermixed with novel images. The images were presented 

until the participant 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 1a. 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 sensations 

perceived from FFA, OFA and sham stimulation. The experimental session lasted for approximately one 

hour for each session. 
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2.2.2 Results2 

All data were analyzed using JASP version 0.16.3 (JASP Team, 2022).  

 

Accuracy 

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 (Figure 

2.5). Analysis revealed no main effect of stimulation type, F(2, 57) = .173, p = .842, ηp
2 = .006, or 

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

< .001, ηp
2 = .570, where features task (M = .658, SD = .083) had lower accuracy compared to whole faces 

task (M = .722, SD = .082). The analysis revealed no interaction effect of stimulation type and task type, 

F(2, 57) = 1.189, p = .312, ηp
2 = .040, no interaction effect of stimulation type and session, F(2, 57) 

= .111, p = .895, ηp
2 = .004, no interaction effect of task type and session, F(1, 57) = 1.988, p = .164, ηp

2 

= .034, and no three-way interaction effect of stimulation type, task type and session, F(2, 57) = .153, p 

= .858, ηp
2 = .005. 

 

Reaction time 

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 (Figure 2.5). 

No main effect of stimulation type was found, F(2, 57) = .256, p = .775, ηp
2 = .009. A significant main 

effect of session was found, F(1, 57) = 23.764, p < .001, ηp
2 = .294, where pre-stimulation trials (M = 

1.095s, SD = .238s) had longer reaction time compared to post-stimulation trials (M = 1s, SD = .210s). 

Analysis revealed a significant main effect of task type, F(1, 57) = 30.555, p < .001, ηp
2 = .349, where 

features task (M = 1.085s, SD = .247s) had longer reaction time compared to whole faces task (M = 

1.011s, SD = .203s). Analysis also revealed no interaction effect of stimulation type and task type, F(2, 

 
2 Analysis of the perceived sensation after the FFA, OFA and sham stimulation and an analysis on baseline scores to 

compare face recognition ability and age between stimulation groups could be found in Appendix B. 
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57) = 2.346, p = .105, ηp
2 = .076, no interaction effect of stimulation type and session, F(2, 57) = .280, p 

= .757, ηp
2 = .010, and no interaction effect of task type and session, F(1, 57) = 2.289, p = .136, ηp

2 = .039.  

A three-way interaction effect of stimulation type, task type and session was found, F(2, 57) = 

3.406, p = .04, ηp
2 = .107. To further explore this three-way interaction, we ran a 2 (task type: features vs. 

whole faces) × 3 (simulation type: FFA vs. OFA vs. sham) ANOVA for pre-stimulation and post-

stimulation sessions separately. For pre-stimulation session, no main effect of stimulation type was found, 

F(2, 57) = .389, p = .679, ηp
2 = .013. A significant main effect of task type was found, F(1, 57) = 20.909, 

p < .001, ηp
2 = .268, where features (M = 1.140s, SD = .253s) had longer reaction time compared to whole 

faces (M = 1.050s, SD = .214s). No interaction effect between task type and stimulation type was found in 

pre-stimulation session, F(2, 57) = 2.403, p = .100, ηp
2 = .078. 

In terms of post-stimulation session, no main effect of stimulation type was found, F(2, 57) 

= .103, p = .902, ηp
2 = .004. A significant main effect of task type was found, F(1, 57) = 16.312, p < .001, 

ηp
2 = .222, where features (M = 1.029s, SD = .229s) had longer reaction time compared to whole faces (M 

= .971s, SD = .186s). A significant interaction effect between task type and stimulation type was found in 

post-stimulation session, F(2, 57) = 3.466, p = .038, ηp
2 = .108. Simple main effect analysis showed that 

for FFA stimulation, no difference was found between features (M = .986s, SD = .281s) and whole face 

(M = .981s, SD = .247s), F(1, 19) = .025, p = .877, η2 = .001. Features (M = 1.047s, SD = .214s) had 

longer reaction time compared to whole faces (M = .965s, SD = .149s) for OFA stimulation, F(1, 19) = 

17.501, p < .001, η2 = .479 and sham stimulation, F(1, 19) = 12.545, p = .002, η2 = .398 (features: M = 

1.055s, SD = .187s; whole faces: M = .968s, SD = .155s). Additionally, no difference were found between 

the three stimulation types (FFA, OFA and sham) in features task, F(2, 57) = .528, p = .593, η2 = .018, 

and whole face task, F(2, 57) = .043, p = .958, η2 = .002, post-stimulation. 

We also ran a 2 (session: pre vs. post) × 3 (simulation type: FFA vs. OFA vs. sham) ANOVA for 

features and whole faces separately. In the features task, no main effect of stimulation type was found, 

F(2, 57) = .591, p = .557, ηp
2 = .020. A significant main effect of session was found, F(1, 57) = 26.346, p 

< .001, ηp
2 = .316, where pre-stimulation (M = 1.140s, SD = .253s) had longer reaction time compared to 
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post-stimulation (M = 1.029s, SD = .229s). No interaction effect between session and stimulation type 

was found in features task, F(2, 57) = 1.087, p = .344, ηp
2 = .037. 

In whole faces task, no main effect of stimulation type was found, F(2, 57) = .071, p = .931, ηp
2 

= .002. A significant main effect of session was found, F(1, 57) = 11.704, p = .001, ηp
2 = .170, where pre-

stimulation (M = 1.050s, SD = .214s) had longer reaction time compared to post-stimulation (M = .971s, 

SD = .186s). No interaction effect between session and stimulation type was found in whole faces task, 

F(2, 57) = .974, p = .384, ηp
2 = .033. 

We also ran a 2 (session: pre vs. post) × 2 (task type: features vs. whole faces) ANOVA for FFA, 

OFA and sham stimulation separately. For FFA stimulation, no main effect of task type was found, F(1, 

19) = 3.825, p = .065, ηp
2 = .168. A significant main effect of session was found, F(1, 19) = 4.975, p 

= .038, ηp
2 = .208, where pre-stimulation (M = 1.063s, SD = .188s) had longer reaction time compared to 

post-stimulation (M = .984s, SD = .261s). A significant interaction effect between session and task type 

was found after FFA stimulation, F(1, 19) = 6.350, p = .021, ηp
2 = .250.  

Simple main effect analysis showed that for pre-stimulation session, features (M = 1.109s, SD 

= .206s) had longer reaction time compared to whole faces (M = 1.017s, SD = .160s), F(1, 19) = 8.677, p 

= .008, η2 = .314. For post-stimulation session, no difference was found between features (M = .986s, SD 

= .281s) and whole faces (M = .981s, SD = .247s), F(1, 19) = .025, p = .877, η2 = .001. Additionally, pre-

stimulation (M = 1.109s, SD = .206s) had longer reaction time compared to post-stimulation (M = .986s, 

SD = .281s) for features task, F(1, 19) = 10.943, p = .004, η2 = .365. No difference between pre-

stimulation (M = 1.017s, SD = .160s) and post-stimulation was found for whole face task (M = .981s, SD 

= .247s), F(1, 19) = .723, p = .406, η2 = .037. 

For OFA stimulation, a significant main effect of task type was found, F(1, 19) = 11.692, p 

= .003, ηp
2 = .381, where features (M = 1.080s, SD = .222s) had longer reaction time compared to whole 

faces (M = 1.021s, SD = .223s). A significant main effect of session was found, F(1, 19) = 7.551, p 

= .013, ηp
2 = .284, where pre-stimulation (M = 1.095s, SD = .249s) had longer reaction time compared to 
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post-stimulation (M = 1.006s, SD = .187s). No interaction effect between session and task type was found 

after OFA stimulation, F(1, 19) = 1.267, p = .274, ηp
2 = .063. 

For sham stimulation, a significant main effect of task type was found, F(1, 19) = 18.702, p 

< .001, ηp
2 = .496, where features (M = 1.126s, SD = .271s) had longer reaction time compared to whole 

faces (M = 1.011s, SD = .184s). A significant main effect of session was found, F(1, 19) = 12.504, p 

= .002, ηp
2 = .397, where pre-stimulation (M = 1.126s, SD = .271s) had longer reaction time compared to 

post-stimulation (M = 1.011s, SD = .176s). No interaction effect between session and task type was found 

after sham stimulation, F(1, 19) = 2.207, p = .154, ηp
2 = .104. 

 

Efficiency 

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 (Figure 2.5). No main 

effect of stimulation type was found, F(2, 57) = .133, p = .876, ηp
2 = .005. A main effect of session was 

found, F(1, 57) = 19.694, p < .001, ηp
2 = .257, where pre-stimulation trials (M = .57, SD = .152) had lower 

efficiency compared to post-stimulation trials (M = .617, SD = .16). Analysis revealed a main effect of 

task type, F(1, 57) = 45.985, p < .001, ηp
2 = .447, where features task (M = .553, SD = .149) had lower 

efficiency compared to whole faces task (M = .633, SD = .156).  

Analysis also revealed a significant interaction effect of stimulation type and task type, F(2, 57) = 

3.534, p = .036, ηp
2 = .11. Simple main effect analysis revealed that no difference was found between 

FFA, OFA and sham stimulation for features task, F(2, 57) = .845, p = .435, η2 = .029, and whole faces 

task, F(2, 57) = .187, p = .830, η2 = .007. Features task (M = .570, SD = .139) had lower efficiency 

compared to whole face task (M = .617, SD = .125) for FFA stimulation, F(1, 19) = 5.374, p = .032, η2 

= .220, OFA stimulation, F(1, 19) = 18.165, p < .001, η2 = .489 (features: M = .569, SD = .132; whole 

faces: M = .640, SD = .155) and sham stimulation, F(1, 19) = 26.384, p < .001, η2 = .581 (features: M 

= .522, SD = .133; whole faces: M = .643, SD = .169). 
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A significant interaction effect of task type and session was found, F(1, 57) = 4.865, p = .031, ηp
2 

= .079. Simple main effect analysis revealed that features task (M = .521, SD = .131) had lower efficiency 

compared to whole faces (M = .619, SD = .156) for pre-stimulation session, F(1, 59) = 43.216, p < .001, 

η2 = .423, and post-stimulation session, F(1, 59) = 16.236, p < .001, η2 = .216 (features: M = .586, SD 

= .160; whole faces: M = .647, SD = .155). Additionally, pre-stimulation (M = .521, SD = .131) had lower 

efficiency compared to post-stimulation (M = .586, SD = .160) for features task, F(1, 59) = 18.966, p 

< .001, η2 = .243, and whole faces task, F(1, 59) = 5.307, p = .025, η2 = .083 (pre-stimulation: M = .619, 

SD = .156; post-stimulation: M = .647, SD = .155). 

No interaction effect of stimulation type and session was found, F(2, 57) = .379, p = .687, ηp
2 

= .013. A three-way interaction effect of stimulation type, task type and session was found, F(2, 57) = 

3.817, p = .028, ηp
2 = .118. To further explore this three-way interaction, we ran a 2 (task type: features 

vs. whole faces) × 3 (simulation type: FFA vs. OFA vs. sham) ANOVA for pre-stimulation and post-

stimulation sessions separately. For pre-stimulation session, no main effect of stimulation type was found, 

F(2, 57) = .178, p = .837, ηp
2 = .006. A significant main effect of task type was found, F(1, 57) = 45.544, 

p < .001, ηp
2 = .444, where features (M = .521, SD = .131) had lower efficiency compared to whole faces 

(M = .619, SD = .156). No interaction effect between task type and stimulation type was found in pre-

stimulation session, F(2, 57) = 2.589, p = .084, ηp
2 = .083. 

For post-stimulation session, no main effect of stimulation type was found, F(2, 57) = .132, p 

= .876, ηp
2 = .005. A significant main effect of task type was found, F(1, 57) = 18.274, p < .001, ηp

2 

= .243, where features (M = .586, SD = .160) had lower efficiency compared to whole faces (M = .647, 

SD = .155). A significant interaction effect between task type and stimulation type was found in post-

stimulation session, F(2, 57) = 4.703, p = .013, ηp
2 = .142. Simple main effect analysis showed that for 

FFA stimulation, no difference was found between features (M = .623, SD = .187) and whole face (M 

= .623, SD = .153), F(1, 19) = 1.795e - 4, p = .989, η2 = 9.448e - 6. Features (M = .584, SD = .136) had 

lower efficiency compared to whole faces (M = .665, SD = .161) for OFA stimulation, F(1, 19) = 15.589, 

p < .001, η2 = .451 and sham stimulation, F(1, 19) = 14.841, p = .001, η2 = .439 (features: M = .551, SD 
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= .151; whole faces: M = .654, SD = .156). Additionally, no differences were found between the three 

stimulation types (FFA, OFA and sham) in features task (FFA: M = .623, SD = .187; OFA: M = .584, SD 

= .136; sham: M = .551, SD = .151), F(2, 57) = .998, p = .375, η2 = .034, and whole face task (FFA: M 

= .623, SD = .153; OFA: M = .665, SD = .161; sham: M = .654, SD = .156), F(2, 57) = .382, p = .684, η2 

= .013, post-stimulation. 

We also ran a 2 (session: pre vs. post) × 3 (simulation type: FFA vs. OFA vs. sham) ANOVA for 

features and whole faces separately. In features task, no main effect of stimulation type was found, F(2, 

57) = .845, p = .435, ηp
2 = .029. A significant main effect of session was found, F(1, 57) = 19.821, p 

< .001, ηp
2 = .258, where pre-stimulation (M = .521, SD = .131) had lower efficiency compared to post-

stimulation (M = .586, SD = .160). No interaction effect between session and stimulation type was found 

in features task, F(2, 57) = 2.330, p = .107, ηp
2 = .076. 

In whole faces task, no main effect of stimulation type was found, F(2, 57) = .187, p = .830, ηp
2 

= .007. A significant main effect of session was found, F(1, 57) = 5.281, p = .025, ηp
2 = .085, where pre-

stimulation (M = .619, SD = .156) had lower efficiency compared to post-stimulation (M = .647, SD 

= .155). No interaction effect between session and stimulation type was found in whole faces task, F(2, 

57) = .856, p = .430, ηp
2 = .029. 

We also ran a 2 (session: pre vs. post) × 2 (task type: features vs. whole faces) ANOVA for FFA, 

OFA and sham stimulation separately. For FFA stimulation, a significant main effect of task type was 

found, F(1, 19) = 5.374, p = .032, ηp
2 = .220, where features task (M = .570, SD = .139) had lower 

efficiency compared to whole face task (M = .617, SD = .125). A significant main effect of session was 

found, F(1, 19) = 5.410, p = .031, ηp
2 = .222, where pre-stimulation (M = .564, SD = .130) had lower 

efficiency compared to post-stimulation (M = .623, SD = .169). A significant interaction effect between 

session and task type was found after FFA stimulation, F(1, 19) = 7.928, p = .011, ηp
2 = .294. Simple 

main effect analysis showed that for pre-stimulation session, features (M = .517, SD = .119) had lower 

efficiency compared to whole faces (M = .610, SD = .126), F(1, 19) = 13.593, p = .002, η2 = .417. For 

post-stimulation session, no difference was found between features (M = .623, SD = .187) and whole 
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faces (M = .623, SD = .153), F(1, 19) = 1.795e - 4, p = .989, η2 = 9.448e - 6. Additionally, pre-stimulation 

(M = .517, SD = .119) had lower efficiency compared to post-stimulation (M = .623, SD = .187) for 

features task, F(1, 19) = 10.572, p = .004, η2 = .358. No difference between pre-stimulation (M = .610, SD 

= .126) and post-stimulation (M = .623, SD = .153) was found for whole face task, F(1, 19) = .206, p 

= .655, η2 = .011. 

For OFA stimulation, a significant main effect of task type was found, F(1, 19) = 18.165, p 

< .001, ηp
2 = .489, where features task (M = .569, SD = .132) had lower efficiency compared to whole 

face task (M = .640, SD = .155). A significant main effect of session was found, F(1, 19) = 12.633, p 

= .002, ηp
2 = .399, where pre-stimulation (M = .585, SD = .149) had lower efficiency compared to post-

stimulation (M = .624, SD = .153). No interaction effect between session and task type was found after 

OFA stimulation, F(1, 19) = .716, p = .408, ηp
2 = .036. 

For sham stimulation, a significant main effect of task type was found, F(1, 19) = 26.384, p 

< .001, ηp
2 = .581, where features task (M = .522, SD = .133) had lower efficiency compared to whole 

face task (M = .643, SD = .169). A significant main effect of session was found, F(1, 19) = 7.741, p 

= .012, ηp
2 = .289, where pre-stimulation (M = .562, SD = .177) had lower efficiency compared to post-

stimulation (M = .603, SD = .160). No interaction effect between session and task type was found after 

sham stimulation, F(1, 19) = 1.749, p = .202, ηp
2 = .084. 

 

D-prime 

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 d’ (Figure 2.5). Analysis revealed no main effect of 

stimulation type, F(2, 57) = .225, p = .799, ηp
2 = .008, or session, F(1, 57) = .926, p = .340, ηp

2 = .016. A 

main effect of task type was found, F(1, 57) = 77.533, p < .001, ηp
2 = .576, where features task (M = .873, 

SD = .484) had lower d’ compared to whole faces task (M = 1.374, SD = .620). The analysis revealed no 

interaction effect of stimulation type and task type, F(2, 57) = .587, p = .559, ηp
2 = .020, no interaction 

effect of stimulation type and session, F(2, 57) = .107, p = .899, ηp
2 = .004, no interaction effect of task 
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type and session, F(1, 57) = 1.672, p = .201, ηp
2 = .028, and no three-way interaction effect of stimulation 

type, task type and session, F(2, 57) = .374, p = .689, ηp
2 = .013. 

 

Figure 2.5 

Post-stimulation accuracy, reaction time, efficiency and d’ for features and whole face recognition tasks 

for OFA, FFA and sham stimulation. 

 

Note. Error bars represent 95% confidence interval. The grey circles and triangles represent the individual 

data, while the orange circle and blue triangles represent the summary statistics. 
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2.2.3 Discussion 

Our results showed that there was no difference in reaction times between feature recognition and 

whole face recognition following FFA stimulation. However, participants showed longer reaction times 

for feature recognition compared to whole face recognition after OFA and sham stimulation. The analysis 

also revealed that prior to the FFA stimulation, participants indeed took more time for feature recognition 

compared to whole face recognition, but after the FFA stimulation the difference between feature and 

whole face recognition was absent, indicating an enhancement in feature recognition facilitated by FFA 

stimulation. Similarly, the efficiency results mirrored this pattern. Before FFA stimulation, participants 

exhibited lower efficiency in feature recognition compared to whole face recognition. However, post-FFA 

stimulation, this discrepancy disappeared, further supporting the notion of enhanced feature recognition 

resulting from FFA stimulation. No differences in terms of accuracy and d’ were found across stimulation 

conditions. Given the absence of any significant differences in accuracy across stimulation conditions and 

considering the potential confounding effects of the speed-accuracy trade-offs, we will discuss and 

prioritize efficiency (which combines both accuracy and reaction time into a single measure) over 

reaction time measure in this experiment. Contrary to previous work that showed the involvement of the 

OFA in the representation of facial features and the FFA in the representation of whole faces (Fox, Moon, 

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 recognition whereas the 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.  

 

2.3 General discussion 

This study aimed to investigate the functional role of the FFA and the OFA using multifocal 

tDCS. In Experiment 1a, tDCS over the OFA and the FFA did not produce any change in the performance 

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 
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discriminable compared to real human faces as they are treated as out-group members (Balas & Pacella, 

2015; Kätsyri, 2018). Furthermore, in Experiment 1a, the whole face stimuli were created with identical 

global shape (forehead size and jawline). However, previous studies have demonstrated that the presence 

of face shape is crucial for holistic face processing (Retter & Rossion, 2015).  

To avoid these problems, in Experiment 1b, we used real faces and found that the FFA 

stimulation increased efficiency for feature recognition. Similarly, the reaction time results mirrored this 

pattern. 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 measured baseline performance before the stimulation session and improvements in Experiment 1b 

were calculated by comparing pre- and post-stimulation scores. Additionally, analysis of pre-stimulation 

scores showed no difference in face recognition ability between the stimulation groups (Appendix B). 

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; J. Liu et al., 

2010). For example, the FFA responded similarly to facial features presented individually and facial 

features presented in a 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 (J. Liu et al., 2010). These studies suggest that the FFA is involved in 

facial feature representation which contradicts the neural model by Haxby et al. (2000) which suggests 

that the FFA is mainly involved in the representation of whole faces.  

However, it is important to note that the accuracy and d’ results indicate that the stimulation of 

the FFA does not improve the ability to discriminate between learned and novel stimuli, irrespective of 

whether they are whole faces or features. This may suggest that the improvements are mainly in terms of 

reaction time. Additionally, enhanced facial feature recognition following FFA stimulation might also be 

associated with improved object recognition. Previous research has indicated that facial features are 
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perceived as objects when faces are not processed holistically (Moscovitch et al., 1997), and there is 

evidence of FFA involvement in object recognition (McGugin et al., 2016). Hence, it is advisable for 

future studies to incorporate an object-related task to investigate whether the effects of tDCS were face-

specific. 

Despite using real faces, our results in Experiment 1b showed no effect of the FFA stimulation on 

whole face recognition. One possible explanation for the lack of FFA stimulation effect on whole face 

recognition in Experiment 1b is the difference in task difficulty between facial features and whole face 

recognition. Our findings showed that the features task was more difficult (e.g., lower efficiency) 

compared to the whole face task in Experiment 1b. Earlier studies have found that the effect of tDCS is 

more apparent when the task difficulty is greater, as seen in areas such as arithmetic (Pope & Miall, 2012; 

Popescu et al., 2016; Rütsche et al., 2015), working memory (Gill et al., 2015; Vergallito et al., 2018) and 

attention (Nelson et al., 2014; Reteig et al., 2017). Similarly, performance enhancement in video games 

following tDCS effects was 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 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 that of FFA stimulation. In contrast to this, participants reported in Experiment 1a that they felt more 

itching for FFA stimulation compared to OFA stimulation (see Appendix A). Since there is no direct way 
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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 biological differences could affect 

the application of tDCS (Krause & 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 participants (Krause & 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. 

In sum, our results from Experiment 1a showed no significant change in performance 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 1b, 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 a lower level of task difficulty. OFA stimulation did 

not show any effect on either whole face or feature recognition, 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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Chapter 3 – Investigating the other-race effect using 

anodal and cathodal tDCS   

In addition to multifocal tDCS (Chapter 2), we also examined the potential benefits of the 

traditional 2 electrode montage on own- and other-race face recognition in Chapter 3 (Experiment 3). To 

gain insights into how we can improve face recognition, a reliable face recognition measure is crucial. 

Currently, there are two Caucasian versions of the CFMT but only one version of the Asian CFMT. This 

led us to the development of a new Asian Cambridge Face Memory Test (Experiment 2a and 2b). The 

introduction of the CFMT-MY enables us to effectively assess participants before and after stimulation 

using the CFMT in Experiment 3. 

Faces are one of the most critical stimuli for successful social interaction. However, despite its 

importance, face recognition abilities present substantial inter-individual variability (Bowles et al., 2009; 

Bruce et al., 2018; R. Wang et al., 2012; Wilmer, 2017) with some people showing superior face 

recognition (i.e., super-recognizers) (Russell et al., 2009) while others present difficulties in recognizing 

even highly familiar faces (i.e., prosopagnosics) (Rossion, 2014). Prosopagnosia, also known as face 

blindness, is a visual impairment that affects face recognition despite intact visual acuity and intelligence 

and can result from brain injury (i.e., acquired prosopagnosia) or abnormal development (i.e., 

developmental or congenital prosopagnosia). Remarkably, these difficulties in face recognition could 

contribute to negative social consequences (e.g., high anxiety in social situations) not only for adults 

(Yardley et al., 2008), but also for children (Dalrymple, Fletcher, et al., 2014). Although the estimated 

prevalence of developmental prosopagnosia in the general population is around 2.5% (Bowles et al., 

2009; Kennerknecht et al., 2006, 2008), many cases remain undiagnosed (Duchaine, 2000). Given the 

limited insights that people have into their own face recognition skills (Bate & Dudfield, 2019; Bobak et 

al., 2019; Estudillo, 2021; Estudillo & Wong, 2021; Palermo et al., 2017), objective measures of face 
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identification are crucial for the study of individual differences in face recognition skills and the diagnosis 

of prosopagnosia. 

One of the most prominent objective measures of face recognition abilities is the Cambridge Face 

Memory Test (CFMT) (Duchaine & Nakayama, 2006). This test, which can be completed in about 15 

minutes, provides a valid measure of face recognition, as it requires the identification of faces across 

different views (Bruce, 1982; Estudillo & Bindemann, 2014). The CFMT is poorly correlated with 

general intelligence (Shakeshaft & Plomin, 2015) and object recognition ability (Dennett et al., 2012; 

Shakeshaft & Plomin, 2015), which suggests that this test taps into face identification specific processes. 

The original version of the CFMT consists of a three-alternative forced choice paradigm subdivided into 

three stages of increasing difficulty. Participants are first asked to study six Caucasian target faces. 

Subsequently, during the recognition trials, the target faces are presented without any variation in the 

image (learning stage) with different lighting and viewpoints (novel stage) and with the addition of visual 

noise (novel-with-noise stage). The CFMT has been widely used to investigate different aspects of face 

recognition, including its heritability (Wilmer et al., 2010), development (Germine et al., 2011), 

relationship with holistic processing (DeGutis, Wilmer, et al., 2013) and other group effects (Childs et al., 

2021; Estudillo et al., 2020; McKone et al., 2012; Wan et al., 2017). Importantly, because it has high 

reliability (Cronbach's alpha (α) ≈ .90), the CFMT is also used to aid the diagnosis of prosopagnosia (e.g., 

Bowles et al., 2009; Duchaine & Nakayama, 2006; Estudillo et al., 2020; McKone et al., 2017). 

Specifically, individuals scoring two standard deviations below the mean CFMT performance are 

considered possible prosopagnosia cases (Duchaine & Nakayama, 2006).  

Despite the remarkable psychometric properties of the CFMT, several factors (i.e., problems 

understanding the instructions and inattentiveness) could influence the final test scores irrespective of 

actual face recognition skills (see e.g., Gamaldo & Allaire, 2016). Although repeating the same test could 

provide a more reliable score, this practice is not exempt from problems (McCaffrey & Westervelt, 1995). 

For example, due to face familiarity effects as a consequence of using the same face stimuli, an individual 

who scored below the cut-off value during the first assessment may score above the cut-off value in the 
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next reassessment test (Murray & Bate, 2020). This familiarity effect could be easily avoided by using a 

complementary version of the CFMT containing a different set of face stimuli (Murray & Bate, 2020). In 

addition, with the increasing interest in face training protocols (Bate et al., 2020; Corrow et al., 2019; 

Davies-Thompson et al., 2017), having complementary versions of the CFMT is also highly useful for 

rigorous pre-post training comparisons. For Caucasian participants, such a complementary version does 

exist, the CFMT-Australian (CFMT-Aus) (McKone et al., 2011). Importantly, the psychometric 

properties of the CFMT-Aus are comparable to those of the original CFMT, making this test not only an 

alternative to the original CFMT, but also a complementary assessment tool in the aforementioned 

situations. 

People tend to be better recognizing faces of their own-race compared to other-race faces, the so-

called other-race effect (Meissner & Brigham, 2001). Both the CFMT-original and the CFMT-Aus consist 

of Caucasian face stimuli and have shown strong other-race effects (see e.g., Estudillo et al., 2020; 

McKone et al., 2012; Wan et al., 2017), limiting their use to Caucasian populations. The CFMT-Chinese 

(McKone et al., 2012) was introduced to study individual differences in face recognition and aid in the 

diagnosis of prosopagnosia in Asian populations. This test follows an identical format compared to the 

original version of the test and has comparable psychometric properties (McKone et al., 2017). However, 

at present, the CFMT-Chinese is the only Asian version of the CFMT which, as previously discussed, 

might present difficulties for the study of individual differences, the diagnosis of borderline cases of 

prosopagnosia and pre-post face training comparisons. 

Although the CFMT-Chinese aims to explore individual differences in face recognition and aid 

the diagnosis of prosopagnosia in the Asian population, the other-race effect has also been found within 

the Asian population (Wong et al., 2020). However, other studies using the CFMT-Chinese found that the 

scores of the CFMT-Chinese were still higher than the CFMT-original where the Asian participants 

recruited comprised of a variety of Asian origins, some of which were not Chinese, such as Indonesian 

(McKone et al., 2012), Malay and Filipino participants (Bate, Bennetts, Hasshim, et al., 2019). Similarly, 

Estudillo et al. (2020) found that although Malaysian Malay and Malaysian Indian showed a clear other-
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race effect for Caucasian faces, they presented identical performance for Chinese faces compared to 

Malaysian Chinese participants in the CFMT-Chinese.  Altogether, these findings suggest that non-

Chinese Asians may perform better for Chinese faces as compared to Caucasian faces. Despite the fact 

that using the CFMT with Chinese faces for the diagnosis of prosopagnosia among the non-Chinese Asian 

population may not be ideal, currently, the CFMT-Chinese may still be a superior face recognition 

measure compared to the Caucasian CFMT versions for the diagnosis of prosopagnosia among the non-

Chinese Asian population. 

In the current study, we presented a novel Asian version of the CFMT, the CFMT-Chinese 

Malaysian (CFMT-MY). In Experiment 2a, we determined the psychometric properties of the CFMT-MY 

using a Chinese Malaysian sample. Specifically, in Experiment 2a we explored the internal reliability, 

convergent validity and divergent validity of the CFMT-MY. Experiment 2a also tested whether the three 

stages of the CFMT-MY represent increasing levels of difficulty. The increasing levels of difficulty 

across stages is an important property of the CFMT-original (Duchaine & Nakayama, 2006) that has been 

overlooked in the CFMT-Chinese (e.g., Estudillo et al., 2020; McKone et al., 2012, 2017). After checking 

the psychometric properties of the CFMT-MY, Experiment 2b used a sample of Caucasian participants to 

explore whether the CFMT-MY captures an other-race effect of similar magnitude compared to that of 

the CFMT-Chinese. 

 

3.1 Experiment 2a 

Experiment 2a aimed to investigate the psychometric properties of the CFMT-MY. In addition to 

measures of reliability (Cronbach’s α) and internal consistency across stages, we explored the convergent 

and divergent validities of the test. Convergent validity was explored by correlating participants’ 

performance in the CMFT-MY with their performance in the CFMT-Chinese. Divergent validity was 

explored by correlating participants’ performance in the CFMT-MY and their performance in a general 

object recognition task that follows the same format as the CFMT: the Cambridge Car Memory Test 

(CCMT) (Dennett et al., 2012). If the CFMT-MY had appropriate convergent and divergent validity we 
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would expect a stronger correlation between the CFMT-MY and the CFMT-Chinese than between the 

CFMT-MY and the CCMT. Additionally, we examined the increasing level of difficulty across the three 

stages of the CFMT-Chinese and the CFMT-MY. Differences in accuracy between the different stages of 

the CFMT-MY and CFMT-Chinese were assessed using repeated-measures ANOVA. 

 

3.1.1 Methods 

Design 

A within-subjects design was implemented. The within-subject factors were task type (CFMT-

MY, CFMT-Chinese and CCMT) and task stage (learning, novel and novel-with-noise). The order of the 

tasks was randomised and the accuracy of the tasks were recorded. 

 

Participants 

One hundred and thirty-nine participants took part in this experiment, but the final sample 

included 134 Chinese Malaysians (92 females and 42 males) with an age range of 18 to 66 years (M = 

22.81 years, SD = 5.53 years). The age range for female participants was between 18 and 66 years (M = 

22.50 years, SD = 6.24 years) while for male participants, the age range was from 18 to 35 years (M = 

23.48 years, SD = 3.47 years). Data from participants of other-ethnicity (e.g., Malay, Indian, Eurasian, 

mixed) (four participants) and that had median reaction times less than 500ms (one participant) were 

removed from further analysis. Eight additional participants were excluded from the data analysis (except 

for internal reliability and internal consistency analyses) as their performance on the face memory tasks 

was indicative of possible prosopagnosia (Appendix C). The remaining participants were 126 Chinese 

Malaysians (87 females and 39 males) with an age range from 18 to 66 years (M = 22.92 years, SD = 5.64 

years). The age range for female participants was between 18 and 66 years (M = 22.58 years, SD = 6.38 

years) while for male participants, the age range was between 18 and 35 years (M = 23.69 years, SD = 

3.40 years). 
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An a priori power analysis was conducted using G*Power 3.1 (Faul et al., 2009) for a repeated-

measures ANOVA comparing the stages of the two Asian CFMT versions (CFMT-MY and CFMT-

Chinese). The effect size for the task stage was based on Murray and Bate (2020) where ηp
2 = .824, a 

large effect size. A large effect size estimate (ηp
2 = .14) was entered into the power analysis with the 

following parameters: α = .05, power = .95. The power analysis implied that N = 50 would be required to 

detect a difference between the CFMT versions with 95% probability. A priori power analysis was also 

conducted for correlation tests comparing two versions of face memory test (CFMT-Chinese and CFMT-

MY). The correlations between two different versions of the CFMT reported in past studies were higher 

than .5 (e.g., r = .71 in Arrington et al., 2022; r = .61 in McKone et al., 2011). A medium correlation (r 

= .5) was entered into the power analysis with the following parameters: α = .05, power = .95. The power 

analysis suggested that N = 46 would be required to detect a correlation between the two CFMT versions 

with 95% probability.  

All participants provided informed consent to participate in the study. Upon recruiting every 10 

participants, a lucky draw was held with each participant given a chance to win RM20 or alternatively 

course credits were 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: KSK050320). 

 

Cambridge Face Memory Test – Chinese (CFMT-Chinese) 

The CFMT-Chinese was obtained from McKone et al. (2012). Fifty-two male identities were 

used in the task. The CFMT consists of three stages with increasing difficulty: learning stage (i.e., faces 

are presented in the same lighting and viewpoint condition), novel stage (i.e., faces are presented in 

different lighting and viewpoint condition) and novel-with-noise stage (i.e., faces are presented in 

different lighting and viewpoint condition with Gaussian noise applied). In total, there were 72 trials and 

six target faces to be memorized throughout the whole task. 
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Three practice trials with feedback were given before the experimental trials to familiarize 

participants with the procedure. The practice trials were identical to the procedure in the learning stage, 

but using cartoon images of Bart Simpson. In the learning stage, three study images (left 1/3 profile, 

frontal view and right 1/3 profile) of the same identity were presented sequentially for three seconds each 

with inter-trial interval of 500ms (Figure 3.1a). The target face was then presented with two distractor 

faces and participants were required to select the target face shown using the “1”, “2” or “3” key with no 

time limit (Figure 3.1b). In total, there were 18 trials in the learning stage (six target faces × three trials). 

In the novel stage, participants were required to memorize the same six target faces in the 

learning stage which were presented simultaneously in frontal view for 20 seconds. Similar to the test 

phase of the previous stage, participants were required to select the target face presented with two 

distractor faces with no time limit. The images presented in this stage were different from the learning 

stage in terms of lighting and/or viewing angle (Figure 3.1c). In total, there were 30 trials in the novel 

stage (six target faces × five trials). The novel-with-noise stage was identical to the novel stage, except 

that noise was added to the test images to increase the difficulty level (Figure 3.1d). In total, there were 24 

trials in the novel-with-noise stage (six target faces × four trials). 

 

Cambridge Face Memory Test – Chinese Malaysian (CFMT-MY) 

The stimuli used in the CFMT-MY were created using the University of Nottingham Malaysia 

face database, where photographs of students from the University of Nottingham Malaysia were obtained 

with informed consent before photographing. In total, 52 male Chinese Malaysian identities were used as 

stimuli. The faces had no piercings or glasses. Editing of images was conducted using Adobe Photoshop 

CS6. Blemishes, moles and facial hair were removed. Five different viewing angles of each identity were 

used (frontal, 45 degrees left, 45 degrees right, 90 degrees left and 90 degrees right). The face images 

were cropped to a size of 210 pixels in height while the width of the face images was resized according to 
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Three study images in learning stage 

presented in different views 

Test trials in learning stage (faces are 

presented with same light and viewpoint 

condition as in study image) 

Test trials in novel stage (faces are presented 

with different lighting and cropping template)  

Test trials in novel-with-noise stage (faces are presented 

with different light and viewpoint condition with 

Gaussian noise applied) 

(

a) 

(

d) 

(

b) 

(

c) 

the original proportion of the face. Each image was then placed onto a 200 × 250 pixels black canvas. 

Examples of the CFMT stimuli similar to the actual test stimuli used are shown below in Figure 3.1. 

 

Figure 3.1 

Sample CFMT-MY stimuli. 

 

Note. None of the faces shown in the sample figure were used in the actual task to avoid familiarity with 

the actual target faces used in the task. 

 

The CFMT-MY was designed to replicate the original CFMT but using Chinese Malaysian faces. 

For the learning stage, the same cropping template was used for all targets and distractors. Frontal 

viewpoint, 45 degrees right and 45 degrees left were used. The distractors were matched to the target 

faces in the testing phase based on their similarity in appearance. Replicating the original CFMT, target 
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faces were never used as distractors and the distractors were presented repeatedly to ensure that 

participants could not use familiarity to decide if the faces were previously memorized or not. 

In the novel stage of the original CFMT, images of the same identity were captured with different 

poses and physical lighting (i.e., the frontal view of the same identity was captured with lighting from the 

bottom or a slightly different frontal pose). However, such images did not exist in our face database. 

Thus, we used frontal viewpoint, 45 degrees right, 90 degrees right and 90 degrees left for the novel stage. 

We followed the procedure of CFMT-Aus (McKone et al., 2011) where instead of poses, different 

templates were used and lighting was added to the images using Adobe Photoshop CS6. For the frontal 

view and the 45 degrees right view, the images from the learning stage were used with modifications (i.e., 

the use of different external template shape and/or the addition of lighting). The external templates used 

were replicated based on CFMT-Aus. Point light was added using the function Lighting effects. The 

lighting was directed from the right for the 45 degrees right images, from the left for half of the frontal 

view images and from the bottom for the other half of the frontal view images. As the 90 degrees right 

and left images were not shown in the learning stage, only a template was used with no lighting changes 

made.  

In the novel-with-noise stage, the viewpoints used were frontal, 45 degrees left and 90 degrees 

right. The lighting was directed from the right for half of the frontal view images and the 45 degrees left 

images. For the 90 degrees right images, the lighting was directed from the left. The other half of the 

front-facing images were made to appear lightly shadowed by adjusting the brightness and contrast (-30 

brightness and +30 contrast). Different templates were applied to the frontal view and the 45 degrees left 

images. Next, 30% coloured Gaussian noise was added using the function Add noise. The CFMT-MY 

materials (stimuli and trial order) are available in the Open Science Framework repository, 

https://osf.io/gu4fy/. 

 

https://osf.io/gu4fy/
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Cambridge Car Memory Test (CCMT) 

CCMT was obtained from the authors of the task (Dennett et al., 2012). Fifty-two different cars 

were used in the CCMT. The CCMT follows the same procedure as CFMT, except the images presented 

were cars instead of faces. 

 

Procedure 

Testable (https://www.testable.org/) was used to run the online experiment (Rezlescu et al., 

2020). To ensure that the stimuli size remained the same for different screen sizes, calibration was 

included before the start of the task where participants had to match the length of a line on the screen to 

the length of a bank card. The average vertical height of the face stimuli in the CFMT-Chinese and 

CFMT-MY was 4 cm while the average vertical height of the car stimuli in the CCMT was 3.5 cm. 

Participants completed all three tasks: Asian CFMT (Chinese and Malaysia) and CCMT in random order. 

The experiment took about 45 minutes to complete. 

 

3.1.2 Results 

All data analysis was conducted using JASP (JASP Team, 2022), except for the internal 

reliability analysis which was carried out using R software and R Studio (R Core Team, 2021; RStudio 

Team, 2021) including several R packages: dplyr (Wickham et al., 2021), tidyr (Wickham, 2021), 

data.table (Dowle & Srinivasan, 2021), psy (Falissard, 2012) and reshape (Wickham, 2007).  

 

Normal distribution 

The skewness (skew = -.397, SE = .216) and kurtosis (kurtosis = -.485, SE = .428) values for the 

CFMT-MY score were between ± 1 which indicates normal distribution (George & Mallery, 2019). 

Additionally, no significant skew was found for the scores of CFMT-MY (z = -1.838, p = .07). The mean 

score for CFMT-MY was 59.94/72, SD = 6.93. The CFMT-Chinese score also exhibited a normal 



TDCS AND COGNITIVE TRAINING IN FACE RECOGNITION - 86 

 

distribution where skewness (skew = -.252, SE = .216) and kurtosis (kurtosis = -.767, SE = .428) values 

were between ± 1. No significant skew was found for the scores of CFMT-Chinese (z = -1.167, p = .24). 

The mean score for CFMT-Chinese was 56.98/72, SD = 8.37. 

 

Internal reliability 

The internal reliability of the test was measured using Cronbach’s α. For all trials, internal 

reliability was α = .86 for CFMT-MY. Results showed high internal reliability for CFMT-MY which was 

in line with previous work such as CFMT-Chinese, α = .86 (McKone et al., 2017) and CFMT-Aus, α 

= .88 (McKone et al., 2011). The internal reliability was α = .89 for CFMT-Chinese. 

 

Internal consistency 

The internal consistency of the CFMT-MY at stage level (i.e., learning, novel and novel-with-

noise) was measured using Pearson correlation (r). Results showed positive correlation between the 

learning and novel stage, r(134) = .55, p < .001, learning and novel-with-noise stage, r(134) = .40, p 

< .001 and novel and novel-with-noise stage, r(134) = .68, p < .001 showing that the scores were highly 

consistent across the different stages of CFMT-MY. Additionally, the CFMT-Chinese scores also showed 

a positive correlation between the learning and novel stage, r(134) = .41, p < .001, learning and novel-

with-noise stage, r(134) = .41, p < .001 and the novel and novel-with-noise stage, r(134) = .79, p < .001 

showing that the scores were highly consistent across the different stages of CFMT-Chinese. 

 

Validity  

Convergent and divergent validity were measured using Pearson correlation (r). Convergent 

validity was measured by examining the correlation between the CFMT-Chinese and the CFMT-MY 

whereas divergent validity was measured by examining the correlation between the CCMT and the 

CFMT-MY. Results showed positive correlation between the scores of the CFMT-MY and the CFMT-

Chinese, r(124) = .59, p < .001. A weak positive correlation was found between the scores of the CCMT 
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and the CFMT-MY, r(124) = .26, p = .004. The difference between the two correlation was further 

analyzed by comparing the dependent overlapping correlations (Diedenhofen & Musch, 2015; Hittner et 

al., 2003). The test showed that the correlation between the CFMT-MY and the CFMT-Chinese (i.e., 

convergent validity) was larger than the correlation between the CCMT and the CFMT-MY (i.e., 

divergent validity), z = 3.62, p < .001. 

 

Repeated-measures ANOVA 

A repeated-measures ANOVA was conducted to explore (1) potential differences between the 

CFMT-Chinese and the CFMT-MY and (2) the increasing levels of difficulty across the test stages. A 3 

(stage: learning vs. novel vs. novel-with-noise) × 2 (test version: CFMT-MY vs. CFMT-Chinese) 

repeated-measures ANOVA was conducted on the accuracy (calculated by proportion correct scores). 

When the Mauchly’s test indicated that the assumption of sphericity was violated, the degrees of freedom 

were corrected using the Greenhouse-Geisser method. 

Analysis revealed a significant main effect of stage on accuracy, F(1.70, 212.05) = 357.49, p 

< .001, ηp
2 = .74. A post hoc Holm-Bonferroni test demonstrate that the accuracy of the learning stage (M 

= 0.98, SD = 0.05) was higher than the novel stage (M = 0.77, SD = 0.15), p < .001, d = 1.94. Similarly, 

the accuracy of the learning stage was higher than the novel-with-noise stage (M = 0.74, SD = 0.16), p 

< .001, d = 2.17. Accuracy was found to be higher in the novel stage compared to the novel-with-noise 

stage, p = .01, d = 0.23. 

Results showed a significant main effect of test version on accuracy, F(1, 125) = 14.03, p < .001, 

ηp
2 = .10, where the accuracy of CFMT-MY (M = 0.83, SD = 0.10) was higher than CFMT-Chinese (M = 

0.79, SD = 0.12). A significant interaction effect between stage and test version on accuracy was found, 

F(2, 250) = 65.68, p < .001, ηp
2 = .34 (Figure 3.2). Simple main effects analysis showed no differences 

between the test versions in the learning stage, F(1, 125) = 3.497, p = .064, η2 = .027, and novel-with-

noise stage, F(1, 125) = 2.042, p = .156, η2 = .016. However, a significant effect was found in the novel 



TDCS AND COGNITIVE TRAINING IN FACE RECOGNITION - 88 

 

stage, F(1, 125) = 89.45, p < .001, η2 = .417, where the novel stage score for CFMT-MY (M = 0.83, SD = 

0.12) was higher than CFMT-Chinese (M = 0.71, SD = 0.16). 

Additional simple main effects analysis showed a significant main effect of stage on accuracy in 

the CFMT-MY, F(1.86, 231.82) = 245.16, p < .001, η2 = .66. A post hoc Holm-Bonferroni test showed 

that the accuracy of the learning stage (M = 0.97, SD = 0.05) was higher than the novel stage (M = 0.83, 

SD = 0.12), p < .001, d = 1.18. Similarly, the accuracy of the learning stage was higher than the novel-

with-noise stage (M = 0.73, SD = 0.15), p < .001, d = 1.96. Accuracy for the novel stage was found to be 

higher than the novel-with-noise stage, p < .001, d = 0.78. Results also showed a significant main effect 

of stage on accuracy in the CFMT-Chinese, F(1.81, 226.17) = 270.01, p < .001, η2 = .68. A post hoc 

Holm-Bonferroni test demonstrated that the accuracy of the learning stage (M = 0.98, SD = 0.04) was 

higher than the novel stage (M = 0.71, SD = 0.16), p < .001, d = 1.93. Similarly, the accuracy of the 

learning stage was higher than the novel-with-noise stage (M = 0.75, SD = 0.17), p < .001, d = 1.61. 

Interestingly, the accuracy for the novel stage was found to be lower than the novel-with-noise stage, p 

< .001, d = -0.318. 

 

Figure 3.2 

Proportion correct scores of Chinese Malaysian participants in the three stages of CFMT. 
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Note. Error bars represent 95% confidence intervals. 

 

3.1.3 Discussion 

Overall, the results showed that the CFMT-MY seems to be suitable to study individual 

differences in face recognition and exhibits potential utility in facilitating the diagnosis of individuals 

with face recognition impairments. The scores of CFMT-MY were normally distributed when all trials 

were included in the analysis (72 trials). Hence, the standard method used to calculate the cut-off score, M 

– 2SD seems to be a suitable option for the diagnosis of face recognition impairments in the CFMT-MY. 

Additionally, the CFMT-MY was highly consistent and exhibited high internal reliability (α = .86) which 

was in line with those reported in previous work on CFMT-Chinese and CFMT-Aus (α = .86, .88; 

McKone et al., 2011, 2017). This high reliability further supports the suitability of the test to be used for 

diagnosis in clinical settings and for the measurement of individual differences in face recognition.  

The findings also demonstrated convergent validity where the CFMT-MY was moderately 

correlated with the CFMT-Chinese. This suggest that both tests tap very similar cognitive processes. 

Results also demonstrated divergent validity where the CFMT-MY was weakly correlated with the 

CCMT which measures object recognition, despite both tests having similar procedures and formats. 



TDCS AND COGNITIVE TRAINING IN FACE RECOGNITION - 90 

 

Additionally, the correlation between the Asian CFMT versions was larger compared to the correlation 

between CCMT and CFMT-MY. Hence, there is strong evidence that the CFMT-MY taps face-

recognition-specific processes rather than general visual memory.  

Our results showed that the difficulty of the CFMT-MY increases across stages. Specifically, the 

learning stage achieved the highest accuracy followed by the novel and finally the novel-with-noise stage. 

The CFMT-Chinese showed a similar pattern of results where the learning stage achieved higher accuracy 

compared to the novel and novel-with-noise stages. However, the novel stage had lower accuracy 

compared to the novel-with-noise stage. This finding is surprising and contradicted the intended higher 

level of difficulty for the novel-with-noise stage (Duchaine & Nakayama, 2006).  

In summary, the analysis revealed that the CFMT-MY exhibits potential utility in facilitating the 

diagnosis of face recognition difficulties in clinical settings and the measurement of individual differences 

in face recognition ability with high consistency and high internal reliability scores. The CFMT-MY also 

shows appropriate convergent and divergent validity. In addition, the CFMT-MY scores show an 

increasing level of difficulty stages which is important for the assessment of a wide range of face 

recognition abilities.  

 

3.2 Experiment 2b 

In Experiment 2b, we aim to investigate if the CFMT-MY would be sensitive to a classical effect 

in face recognition literature: the other-race effect. We also aim to explore if Caucasian participants 

would present similar levels of other-race effect for the CFMT-MY and the CFMT-Chinese. Differences 

in accuracy between the CFMT-MY, CFMT-Chinese and CFMT-original would be assessed using a 

repeated-measures ANOVA. Additionally, the CFMT-MY scores of Chinese Malaysian participants in 

Experiment 2a and the Caucasian participants in Experiment 2b would be compared using an independent 

samples t-test to determine if the CFMT-MY is sensitive to the other-race effect. 
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3.2.1 Methods 

Design 

A within-subjects design was implemented. The within-subject factors were task type (CFMT-

MY, CFMT-Chinese and CFMT-original) and task stage (learning, novel and novel-with-noise). The 

order of the tasks was randomised and the accuracy of the tasks were recorded. 

 

Participants 

One hundred and fifty participants took part in this experiment, but the final sample included 135 

Caucasians (108 females, 25 males and 2 non-binary) with ages ranging between 18 to 52 years (M = 

22.04 years, SD = 6.62 years). The age range for female participants was between 18 and 52 years (M = 

21.64 years, SD = 6.54 years) while for male participants, the age range was between 18 and 49 years (M 

= 23.32 years, SD = 6.58 years). The age range for non-binary participants was between 19 and 36 years 

(M = 27.50 years, SD = 12.02 years). Data from participants who had a median reaction time of less than 

500ms (nine participants) or scored below chance level (24/72) (one participant) for any one of the CFMT 

versions were removed from further analysis. Five participants of other ethnicities (e.g., Asian, Other) 

other than White/Caucasian were also excluded. Ten participants were excluded from the data analysis 

(except for internal reliability and internal consistency analysis) as their performance on the face memory 

tasks was indicative of possible prosopagnosia (Appendix D). The remaining participants were 125 

Caucasians (100 females, 24 males and 1 non-binary) with ages ranging between 18 and 52 years (M = 

21.53 years, SD = 5.66 years). The age range for female participants was between 18 and 52 years (M = 

21.38 years, SD = 6.03 years) while for male participants, the age range was between 18 and 34 years (M 

= 22.25 years, SD = 3.92 years). The age for the non-binary participant was 19 years. 

An a priori power analysis was conducted using G*Power 3.1 (Faul et al., 2009) for a repeated-

measures ANOVA comparing the three CFMT versions (CFMT-MY, CFMT-Chinese and CFMT-

original). The effect size for the other-race effect was estimated from two studies which had used CFMT 

in measuring the other-race effect (McKone et al., 2012; Wan et al., 2017) where the average ηp
2 = .44, 
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large effect size (effect size (ηp
2) in the papers was calculated using formula 13 in Lakens (2013)). 

Additionally, a meta-analysis study has reported a large effect size for the other-race effect, Hedge’s g 

= .82. Therefore, a large effect size estimate (ηp
2 = .14) was entered into the power analysis with the 

following parameters: α = .05, power = .95. The power analysis implied that 50 participants would be 

required to detect a difference between the CFMT versions with 95% probability. 

All participants provided informed consent to participate in the study. Course credits were 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: KSK050320). 

 

Apparatus and Materials 

Three versions of CFMT were used: the CFMT-original, the CFMT-Chinese and the CFMT-MY. 

The CFMT-original was obtained from the authors of the task (Duchaine & Nakayama, 2006). Fifty-two 

male identities were used in the task. The CFMT-original follows the same procedure as the CFMT-

Chinese and the CFMT-MY (refer to Experiment 2a for full procedure). 

 

Procedure 

Testable (https://www.testable.org/) was used to run the online experiment (Rezlescu et al., 

2020). The average vertical height of the face stimuli in the CFMT was 4 cm. Participants completed all 

three CFMT versions in random order. The experiment took about 45 minutes to complete. 

 

3.2.2 Results 

The analysis of internal reliability, internal consistency and validity were consistent with 

Experiment 2a and are available in Appendix E. A repeated-measures ANOVA was conducted to 

examine if there were any differences between the scores of the different test versions and the different 

stages of the test. A 3 (test version: CFMT-MY vs. CFMT-Chinese vs. CFMT-original) × 3 (stage: 

learning vs. novel vs. novel-with-noise) repeated-measures ANOVA was conducted on the accuracy 
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(calculated by proportion correct scores). When the Mauchly’s test indicated that the assumption of 

sphericity was violated, the degrees of freedom were corrected using the Greenhouse-Geisser method. 

Results showed a significant main effect of test version on accuracy, F(2, 248) = 70.49, p < .001, 

ηp
2 = .36. A post hoc Holm-Bonferroni test demonstrated that the accuracy of CFMT-original (M = 0.82, 

SD = 0.12) was higher than CFMT-MY (M = 0.74, SD = 0.12), p < .001, d = .73. Similarly, the accuracy 

of CFMT-original was higher than CFMT-Chinese (M = 0.69, SD = 0.11), p < .001, d = 1.03. Accuracy 

for CFMT-MY was also found to be higher than CFMT-Chinese, p < .001, d = -0.30. To further 

demonstrate the other-race effect, we ran an additional analysis comparing the CFMT-MY scores of 

Chinese Malaysian participants in Experiment 2a and the Caucasian participants in Experiment 2b. 

Independent samples t-test revealed that Chinese Malaysian participants (M = 0.83, SD = 0.10) scored 

higher than the Caucasian participants (M = 0.74, SD = 0.12) on the CFMT-MY, t(249) = -7.20, p < .001, 

d = -.91. 

Analysis revealed a significant main effect of stage on accuracy, F(1.64, 203.00) = 628.13, p 

< .001, ηp
2 = .84. A post hoc Holm-Bonferroni test demonstrate that the accuracy of the learning stage (M 

= 0.96, SD = 0.05) was higher than the novel stage (M = 0.71, SD = 0.12), p < .001, d = 2.35. Similarly, 

the accuracy of the learning stage was higher than the novel-with-noise stage (M = 0.64, SD = 0.14), p 

< .001, d = 3.02. Accuracy was found to be higher for the novel compared to the novel-with-noise stage, p 

< .001, d = .66. 

A significant interaction effect between test version and stage was found, F(4, 496) = 38.47, p 

< .001, ηp
2 = .24 (Figure 3.3). Results showed a significant main effect of test version on accuracy in the 

learning stage, F(2, 248) = 17.48, p < .001, η2 = .12. A post hoc Holm-Bonferroni test demonstrated that 

the accuracy of CFMT-original (M = 0.98, SD = 0.04) was higher than CFMT-MY (M = 0.94, SD = 0.07) 

in the learning stage, p < .001, d = .52. Similarly, the accuracy of the CFMT-original was higher than the 

accuracy in the CFMT-Chinese (M = 0.95, SD = 0.07) in the learning stage, p < .001, d = .36. No 

difference was found between the accuracy for the CFMT-MY and the CFMT-Chinese in the learning 

stage, p = .08, d = .16. Analysis also revealed a significant main effect of test version on accuracy in the 
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novel stage, F(2, 248) = 96.96, p < .001, η2 = .44. A post hoc Holm-Bonferroni test demonstrate that the 

accuracy of the CFMT-original (M = 0.80, SD = 0.16) was higher than the CFMT-MY (M = 0.73, SD = 

0.15) in the novel stage, p < .001, d = .45. Similarly, the accuracy of the CFMT-original was higher than 

the CFMT-Chinese (M = 0.60, SD = 0.14) in the novel stage, p < .001, d = 1.23. Accuracy for the CFMT-

MY was also found to be higher than the accuracy in the CFMT-Chinese in the novel stage, p < .001, d = 

-0.78. A significant main effect of test version on accuracy in the novel-with-noise stage was found, F(2, 

248) = 30.57, p < .001, η2 = .20. A post hoc Holm-Bonferroni test demonstrated that the accuracy of the 

CFMT-original (M = 0.71, SD = 0.18) was higher than the accuracy in the CFMT-MY (M = 0.60, SD = 

0.17) in the novel-with-noise stage, p < .001, d = .64. Similarly, the accuracy of the CFMT-original was 

higher than the accuracy in the CFMT-Chinese (M = 0.61, SD = 0.17) in the novel-with-noise stage, p 

< .001, d = .56. No difference was found for the accuracy in the CFMT-MY and the CFMT-Chinese in 

the novel-with-noise stage, p = .35, d = .09. 

 

Figure 3.3 

Proportion correct scores of Caucasian participants in the three stages of CFMT. 

 

Note. Error bars represent 95% confidence intervals. 
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Simple main effects analysis also revealed differences on accuracy across stages in the CFMT-

MY, F(2, 248) = 330.81, p < .001, η2 = .73. A post hoc Holm-Bonferroni test demonstrated that the 

accuracy of the learning stage (M = 0.94, SD = 0.08) was higher than accuracy in the novel stage (M = 

0.73, SD = 0.15), p < .001, d = 1.4. Similarly, the accuracy of learning stage was higher than the accuracy 

of the novel-with-noise stage (M = 0.6, SD = 0.17), p < .001, d = 2.28. Accuracy for the novel stage was 

found to be higher than the novel-with-noise stage, p < .001, d = .88. Analysis revealed a significant main 

effect of stage on accuracy in the CFMT-Chinese, F(1.85, 228.85) = 480.27, p < .001, η2 = .8. A post hoc 

Holm-Bonferroni test demonstrate that the accuracy of the learning stage (M = 0.95, SD = 0.07) was 

higher than the novel stage (M = 0.6, SD = 0.14), p < .001, d = 2.43. Similarly, the accuracy of the 

learning stage was higher than the novel-with-noise stage (M = 0.61, SD = 0.17), p < .001, d = 2.37. No 

difference was found for the accuracy of the novel stage and novel-with-noise stage, p = .5, d = -.06. A 

significant main effect of stage on accuracy in the CFMT-original was found, F(1.65, 205.15) = 212.68, p 

< .001, η2 = .63. A post hoc Holm-Bonferroni test demonstrated that the accuracy of the learning stage (M 

= 0.98, SD = 0.04) was higher than the novel stage (M = 0.8, SD = 0.16), p < .001, d = 1.23. Similarly, the 

accuracy of the learning stage was higher than the accuracy in the novel-with-noise stage (M = 0.71, SD = 

0.18), p < .001, d = 1.81. Accuracy for the novel stage was found to be higher than the accuracy in the 

novel-with-noise stage, p < .001, d = .58. 

 

3.2.3 Discussion 

Our findings revealed that the CFMT-MY was sensitive to the other-race effect. Although the 

accuracy of the CFMT-original was higher than the CFMT-MY and CFMT-Chinese in all three stages, 

this could not adequately demonstrate the other-race effect since the other-race CFMT (i.e., CFMT-

Chinese and CFMT-MY) may be more difficult compared to the own-race CFMT (i.e., CFMT-original). 

Hence, we ran an additional analysis which showed that Caucasian participants scored lower compared to 

the Chinese Malaysian participants from Experiment 2a on the CFMT-MY. This indicated that Chinese 

Malaysian participants had superior recognition of own-race faces (i.e., Chinese Malaysian faces) as 
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compared to Caucasian participants, replicating the other-race effect in face recognition (Meissner & 

Brigham, 2001). 

Furthermore, while it is worth noting that Caucasian participants exhibited poorer performance in 

the CFMT-MY when compared to the CFMT-original, there was no observed crossover effect in this 

experiment, as there was no evidence of Chinese Malaysian participants performing worse in the CFMT-

original than in the CFMT-MY. However, in Experiment 3 (see Appendix G), a distinct group of Chinese 

Malaysian participants consistently performed better in own-race CFMT (CFMT-MY and CFMT-

Chinese) when compared to other-race CFMT (CFMT-original and CFMT-Aus) across various 

performance measures, including accuracy, reaction time, and efficiency. This finding provides further 

support for the CFMT-MY's sensitivity to the ORE. 

Our results also showed that the scores of CFMT-MY and CFMT-original clearly represent the 

increasing difficulty of the three stages, with the learning stage achieving close-to-ceiling scores, 

followed by the novel stage and the novel-with-noise stage with the highest difficulty. Interestingly, while 

the learning stage had higher accuracy compared to the novel and novel-with-noise stage in the CFMT-

Chinese, accuracies for the novel and novel-with-noise stages were similar. Additionally, higher accuracy 

was found for the CFMT-MY compared to CFMT-Chinese in our Caucasian sample, replicating our 

findings from Experiment 2a in a different race.  

To summarize, our results show that the CFMT-MY is sensitive to the other-race effect as 

Caucasian participants scored lower on the CFMT-MY compared to the Chinese Malaysian participants 

from Experiment 2a. Interestingly, with a Caucasian sample, we have shown that the difficulty of the 

CFMT-MY increases across stages. This result was, however, not found in the CFMT-Chinese. 

 

3.3 General discussion 

The current study aimed to develop a new version of the Asian CFMT using Chinese Malaysian 

faces, the CFMT-MY, as a standardized test of face recognition ability. Overall, results indicated that the 

CFMT-MY has high consistency and high reliability thus exhibiting potential utility in facilitating the 
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diagnosis of individuals with difficulty in face recognition in clinical settings and also for research 

measuring individual differences in face recognition ability. The CFMT-MY also showed convergent 

validity with the CFMT-Chinese and divergent validity with the CCMT. Scores for the CFMT-MY 

corresponded to the increasing level of difficulty intended for the CFMT stages (see Duchaine & 

Nakayama, 2006), where the learning stage achieved the highest accuracy followed by the novel and 

finally the novel-with-noise stage. The CFMT-MY scores were also normally distributed when all trials 

were included in the analysis (72 trials). Thus, the standard method used to calculate the cut-off score, M 

– 2SD can be used for the diagnosis of impairments related to face recognition. The CFMT-MY was also 

sensitive to the other-race effect. Our results revealed that Caucasian participants scored lower on the 

CFMT-MY compared to the Chinese Malaysian participants from Experiment 2a. Chinese Malaysian 

participants showed superior recognition of own-race faces compared to Caucasian participants, 

supporting the other-race effect in face recognition (Meissner & Brigham, 2001; Wong et al., 2020, 

2021). 

The results of both experiments also revealed an interesting pattern: Chinese Malaysian and 

Caucasian participants showed higher accuracy in the CFMT-MY compared to the CFMT-Chinese. This 

result seems to be explained by a surprisingly low performance in the novel stage of the CFMT-Chinese. 

In fact, performance on this stage was lower (Experiment 2a) or identical (Experiment 2b) to that of the 

novel-with-noise stage. This pattern of results, which was only found in the CFMT-Chinese, is 

problematic as it shows no linear increment of difficulty across stages. The increment of difficulty across 

stages is important for the assessment of a wide range of face recognition abilities (Duchaine & 

Nakayama, 2006). Because in our first experiment we used a sample of Chinese Malaysian participants, it 

could be argued that these results could be explained by the other-ethnicity effect (McKone et al., 2012). 

However, this hypothesis cannot explain why in Experiment 2b, with a Caucasian sample, we found no 

differences between the novel and the novel-with-noise stages in the CFMT-Chinese, but clear differences 

across these stages in the CFMT-MY. More importantly, previous studies have also revealed a similar 

percentage of correct responses across the novel and the novel-with-noise stage in the CFMT-Chinese 
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(i.e., 72.13% and 71.58%, see McKone et al. 2017, table 3 and 79.24% and 80.11%, see McKone et al. 

2012, table 1). Past research has suggested that the CFMT could be shortened by including only the first 

two stages (i.e., learning and novel stage) for diagnosis of prosopagnosia (Corrow et al., 2018; Murray & 

Bate, 2020). In this case, including only the first two stages of the CFMT-Chinese may be problematic, as 

in this test the novel stage seems to be identical or even more difficult than the novel-with-noise stage, 

which could potentially result in more individuals scoring below the cut-off. 

It is important to note here that, compared to the CFMT-Chinese and CFMT-original, we used a 

different method to create the novel stage. Images of the same identity that were captured with different 

poses and physical lighting were used for the CFMT-Chinese novel stage, but such images did not exist in 

our face database, and hence we followed the procedure of CFMT-Aus (McKone et al., 2011) where 

instead of poses, different cropping templates were used and lighting was added into the images using 

photo editing software. Despite these differences, the CFMT-MY showed a clear increment in difficulty 

across stages. In addition, these differences in the stimuli cannot explain the discrepancy in difficulty 

levels between the novel stage of the CFMT-Chinese and CFMT-MY as both the CFMT-original and the 

CFMT-Chinese use the same method in the novel stage. In this sense, higher accuracy for the novel stage 

compared to the novel-with-noise stage was found in the CFMT-original while these differences were not 

found in the CFMT-Chinese. Thus, we conclude that the lower accuracy for CFMT-Chinese compared to 

CFMT-MY among Chinese Malaysian and Caucasian participants was due to differences in test 

difficulty, specifically in the novel stage. 

Malaysia is a multiracial country with Malays constituting 57.93% of the population; followed by 

Chinese at 22.58%; Indians at 6.7%; indigenous people (i.e., Orang Asli) at 3.95%; others at 0.64%; and 

non-citizen at 8.2% (Department of Statistics Malaysia, 2011). In this case, the use of CFMT-MY in 

Malaysia may be limited to Chinese Malaysian participants due to the presence of the other-race effect in 

face recognition (Meissner & Brigham, 2001; Wong et al., 2020). However, recent research showed no 

differences in the recognition of Chinese faces between Chinese Malaysian and non-Chinese Malaysian 

(i.e., Malays and Indians) (Estudillo et al., 2020) suggesting that the CFMT-MY may also be suitable to 
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use for diagnosis of face recognition difficulties in the non-Chinese population. Because Chinese is 

Malaysia's second most populous race, non-Chinese Malaysian may have developed greater expertise 

with Chinese faces due to extensive experience with the Chinese Malaysian population (Tanaka et al., 

2013; Wan et al., 2015). However, some of the states in Malaysia have majority Malay populations (e.g., 

Kelantan, Terengganu and Perlis) (Saravanamuttu, 2010) and hence, the population in those states may 

not be as familiar with Chinese faces, hindering the use of CFMT-MY for diagnosis of face recognition 

difficulties in those regions. 

In summary, we report that the CFMT-MY is a highly consistent and reliable test for diagnosing 

individuals with difficulty in face recognition in clinical settings, measurement of individual differences 

in face recognition ability and measurement of the other-race effect. The standard method to calculate the 

cut-off score (M – 2SD) seems to be appropriate for the diagnosis of impairments related to face 

recognition. Additionally, the lower end of the norm scores was far from the chance level (24/72 trials) 

which permits a range of scores for the diagnosis of impairments related to face recognition such as 

prosopagnosia. Although the psychometric properties of the CFMT-MY have been shown to be 

appropriate for the diagnosis of face recognition impairments, future research involving Asian 

prosopagnosics participants would be required to further validate the use of the CFMT-MY for the 

diagnosis of prosopagnosia. The CFMT-MY scores corresponded to the increasing level of difficulty 

intended for the CFMT stages where the learning stage achieved the highest accuracy followed by the 

novel and finally the novel-with-noise stage. Finally, the current availability of two Asian CFMT versions 

could lead to improvement of diagnosis for face recognition difficulties and is beneficial for use in pre-

post face recognition ability assessments.  

 

3.4 Experiment 3 

Face recognition is important for many social interactions that occur in our everyday life (Jack & 

Schyns, 2015). Although face recognition is used extensively, research has shown that we are not experts 

in recognizing unfamiliar faces (Bruce et al., 1999; Davis & Valentine, 2009; Kemp et al., 1997; White, 
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Kemp, Jenkins, Matheson, et al., 2014; A. W. Young & Burton, 2018). For example, passport control 

officers present high error rates (14%) in face matching despite having years of experience and having 

received specific training in the task (White, Kemp, Jenkins, Matheson, et al., 2014). Additionally, more 

than half of the fraudulent credit cards are accepted by cashiers when they have to match the photograph 

on a credit card to the actual face of the shopper (Kemp et al., 1997). High error rates have also been 

reported when matching the identity of an unfamiliar face on closed circuit television (CCTV) to 

photographs, even when high-quality footage and photographs were used (Davis & Valentine, 2009; 

Henderson et al., 2001). This is alarming as police officers are constantly required to match the face of a 

suspect to CCTV as a part of their duty. In fact, errors in the identification of unfamiliar faces in public 

security could lead to serious personal and societal consequences such as wrongful conviction of an 

innocent person while the actual criminal remains unrestrained.  

Difficulties in face identification are even more prominent with other-race faces (Meissner & 

Brigham, 2001). The other-race effect (ORE) in face recognition shows that humans tend to be better at 

recognizing own-race faces compared to other-race faces (Estudillo et al., 2020; Malpass & Kravitz, 

1969; Wong et al., 2021). The ORE has been found across different tasks and countries, and even when 

the morphological differences across the faces are minor (McKone et al., 2011), pointing to a very robust 

phenomenon. Own and other race faces are recognized differently and potentially involve different neural 

mechanisms (e.g., Feng et al., 2011; Serafini & Pesciarelli, 2022). For example, prior research has 

reported greater activation to own-race compared to other-race faces in different brain areas such as the 

occipital face area, the fusiform gyrus, the right inferior frontal gyrus, and the right medial frontal cortex 

(Feng et al., 2011; Golby et al., 2001; J. S. Kim et al., 2006). Interestingly, although the activation in the 

fusiform face area is initially stronger for own-race faces, the activation for other-race faces increases 

over time, eventually surpassing the response to own-race faces (Natu et al., 2011). This suggests that 

own-race faces are processed more automatically compared to other-race faces. Furthermore, event-

related potential (ERP) research has generally found larger N170 amplitudes in response to other- 

compared to own- race faces (Anzures & Mildort, 2021; Giménez-Fernández et al., 2020; Yao & Zhao, 
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2019, but see Cassidy et al., 2014; Senholzi & Ito, 2013; Wiese, 2013, for a reversed pattern). This 

finding has been associated with a disruption of configural face processing (Jacques & Rossion, 2010), as 

it is comparable to the N170 face inversion effect, where larger N170 amplitudes are observed for 

inverted faces as opposed to upright faces (Eimer, 2000; Goffaux et al., 2003; Rossion et al., 1999). Other 

ERP components, such as the P100 (Anzures & Mildort, 2021; Giménez-Fernández et al., 2020) and P200 

(Anzures & Mildort, 2021; Wiese, 2013) have also shown differences between own- and other-race faces 

(for a review, see Serafini & Pesciarelli, 2022).  

The ORE can have negative consequences in those applied scenarios where the identification of 

other-race faces is required, such as eyewitness identification and passport control. In fact, other-race 

eyewitness misidentifications have long posed problems for the criminal justice system (Davies & 

Griffiths, 2008; Estudillo, 2021), as over the years, a great amount of eyewitness misidentifications has 

been made affecting the life of numerous innocent suspects. For example, Cornelius Dupree, an African 

American was wrongly convicted of robbery and rape on the basis of mistaken identification and 

sentenced to prison for 75 years. After serving 30 years of his sentence, he was released on parole after 

DNA test results proved his innocence (BBC News, 2011). In addition, it may also be more difficult for 

police officers to accurately identify a criminal in a multiracial country due to the ORE. The ORE could 

also greatly influence passport officers as they encounter faces of different nationality, race and ethnicity 

very regularly in their daily job. 

Improvement of face recognition is also important for individuals with developmental and 

neurological disorders that are associated with face recognition deficits such as prosopagnosia (Rossion, 

2014), autism (Weigelt et al., 2012) and schizophrenia (Marwick & Hall, 2008; but see Bortolon et al., 

2015). Prosopagnosia, also known as face blindness, is a visual impairment that affects face recognition 

despite intact visual acuity and intelligence (Bate & Tree, 2017). Individuals with prosopagnosia may face 

difficulties in recognizing unfamiliar faces (Duchaine et al., 2006), familiar faces (Busigny & Rossion, 

2010) and occasionally their own face (Parketny et al., 2015). Failure in recognizing familiar identities 

(e.g., family members and friends) could contribute to negative consequences such as feeling of 
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embarrassment and guilt which may build up anxiety, increase fear of social interaction and lower levels 

of self-confidence (Dalrymple, Fletcher, et al., 2014; Yardley et al., 2008). 

Given the catastrophic consequences of inaccurate face recognition in terms of public security 

and for individuals with developmental and neurological disorders associated with face recognition 

deficits, it is important to develop effective ways of improving face recognition skills. One possible 

method of improving face recognition is by using transcranial direct current stimulation (tDCS). TDCS is 

a form of non-invasive brain stimulation technique where a low-level intensity electrical current is 

delivered between two or more electrodes attached to the scalp to modulate neuronal excitability (Reed & 

Cohen Kadosh, 2018). TDCS produces opposing effects on neuronal excitability depending on electrode 

polarity. Anodal tDCS (a-tDCS) is thought to cause neuronal depolarization which leads to an increase in 

neurons firing rate and excitability while cathodal tDCS (c-tDCS) is thought to cause neuronal 

hyperpolarization which leads to a decrease in neurons firing rate and excitability (Nitsche & Paulus, 

2000; Yamada & Sumiyoshi, 2021). Although anodal stimulation often led to performance enhancement, 

the effects from cathodal stimulation were relatively inconsistent (Jacobson et al., 2012). 

Improvement in own-race face processing has been found following the application of a-tDCS to 

the occipital area (Barbieri et al., 2016) and, more specifically, to the fusiform face area (Brunyé et al., 

2017). For example, participants who received online (i.e., stimulation applied during task execution) 

1.5mA of a-tDCS to the right fusiform gyrus showed improvement in face memory accuracy compared to 

participants who received 0.5mA of a-tDCS and participants who received no stimulation (Brunyé et al., 

2017). Another study found that offline (i.e., stimulation applied before task execution) 1.5mA of a-tDCS 

to the right occipital cortex improved face perception and face memory while no effect of online a-tDCS 

was found (Barbieri et al., 2016). This showed that offline stimulation may work better compared to 

online stimulation in terms of improving face processing. However, the positive effects of a-tDCS on face 

identification are not always replicated (Willis et al., 2019).  

In comparison to a-tDCS, research on the effects of c-tDCS on face identification is scarce 

(Costantino et al., 2017; L. Z. Yang et al., 2014). One early study found that, compared to sham 
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stimulation, both anodal and cathodal 1.5mA tDCS over occipitotemporal cortex reduced the N170 face-

specific event-related potential component (L. Z. Yang et al., 2014). The findings of this study showed 

that the polarity of the current did not alter the effect of the stimulation, suggesting that anodal and 

cathodal tDCS elicit similar effects, at least in the face domain. A more recent study found that 1.5mA of 

c-tDCS over the right occipital cortex could decrease recognition performance for other-race faces 

(Costantino et al., 2017). Specifically, this study tested a group of non-Caucasian participants who lived 

in a Caucasian-majority country and had extensive experience with Caucasian faces. Interestingly, after c-

tDCS, performance to identify Caucasian faces decreased in the non-Caucasian group, suggesting that c-

tDCS elicited an ORE-like behaviour.  

However, Costantino et al’s. (2017) study presents three important methodological drawbacks, 

which might confound their conclusions. First, an own-race face recognition measure for the non-

Caucasian participants was not included. In fact, the pre-stimulation comparison across the c-tDCS and 

sham non-Caucasian groups was based on the perception of Caucasian faces. Therefore, general 

differences in face identification skills between the c-tDCS and the sham non-Caucasian groups could 

potentially explain any poststimulation differences. In addition, while the pre-stimulation task comprised 

a face perception test (i.e., Cambridge Face Perception Test, Duchaine et al. (2007)), the post-stimulation 

task comprised a face memory test (i.e., the Cambridge Face memory Test, Duchaine and Nakayama 

(2006)). Interestingly, research has shown that face perception and face memory are only moderately 

correlated (e.g., Bate et al., 2019; Verhallen et al., 2017) and dissociations between these two skills have 

been previously reported (Barton, 2008; Behrmann et al., 2005; Dalrymple, Garrido, et al., 2014; 

Estudillo & Bindemann, 2014; Weigelt et al., 2014). Thus, in Costantino et al. (2017) study, the sham 

non-Caucasian groups might not be equivalent in face memory performance. Finally, Costantino et al., 

(2017) only used c-tDCS, so it is unknown whether anodal stimulation would produce similar effects in 

other-race faces.   

The current study aims to closely replicate Costantino et al.’s (2017) study to further investigate 

the effect of anodal and cathodal tDCS on the recognition of own- and other-race faces. The stimulation 
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will be applied in an offline manner since previous research using transcranial electrical stimulation has 

shown that offline stimulation is more effective compared to online stimulation (Barbieri et al., 2016; 

Estudillo et al., 2023; Friehs & Frings, 2019), at least in the neurotypical population (Hill et al., 2016). 

The effects of a-tDCS and c-tDCS to the right occipital cortex will be measured using the Cambridge 

Face Memory Test (CFMT). As previous work examining the tDCS effects on face processing showed 

inconsistent findings (Barbieri et al., 2016; Costantino et al., 2017; Willis et al., 2019; L. Z. Yang et al., 

2014), we based our hypothesis on the neurophysiological mechanism of tDCS (Nitsche & Paulus, 2000) 

where a-tDCS should improve the recognition of own- and other-race faces while c-tDCS should impair 

the recognition of own- and other-race faces. 

 

3.4.1 Methods 

The experiment was pre-registered via the Open Science Framework (OSF) before data collection 

(https://osf.io/6cf7w). 

 

Design 

A mixed design was implemented. The within-subject factor was task type (own-race and other-

race CFMT) and the between-subject factor was stimulation type (a-tDCS, c-tDCS and sham stimulation). 

The order of the tasks was counterbalanced. The dependent variables were accuracy, reaction time and 

efficiency. We include an efficiency measure to avoid any potential speed-accuracy trade-offs 

(Gueugneau et al., 2017; Heitz, 2014; Liesefeld et al., 2015; Wickelgren, 1977) and because the effects of 

tDCS are not always consistent across different measures of performance (Barbieri et al., 2016; Brunoni 

& Vanderhasselt, 2014; Hill et al., 2016; Willis et al., 2015). Reaction times and accuracy were used to 

calculate the rate-correct score (RCS), a measure of efficiency (Woltz & Was, 2006). 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. We use RCS 
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as it 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 (Vandierendonck, 2017). 

 

Participants 

An a priori power analysis was conducted using G*Power 3.1 (Faul et al., 2009) for a mixed 

ANOVA comparing a-tDCS, c-tDCS and sham stimulation in the own- and other-race CFMT scores. The 

effect size for this analysis was estimated from a recent study (Costantino et al., 2017) where partial η2 

= .037, f = .196. The effect size estimate was entered into the power analysis with the following 

parameters: alpha = .05, power = .8. The power analysis suggested that N = 90 is required to detect a 

difference between the stimulation type with 80% probability. 

Ninety Chinese Malaysian (67 females) were recruited. Participants’ age ranged between 18 and 

28 years (M = 21.11 years, SD = 1.97 years) and were students at the University of Nottingham Malaysia. 

The participants were assigned randomly to one of three stimulation conditions: a-tDCS, c-tDCS or sham 

stimulation, with 30 participants in each condition. One-way ANOVA revealed no age difference between 

stimulation groups, F(2, 87) = 1.896, p = .156, η2 = .042. Prior to the experimental session, all participants 

completed a screening form regarding the inclusion and exclusion criteria concerning the application of 

transcranial electrical stimulation and provided informed consent. Participants were asked to sleep for a 

minimum of six hours and refrain from consuming alcohol (one day before the experimental session) and 

caffeine (one hour before the experimental session). Participants were also asked to avoid using any hair 

products (i.e., hair cream, hair gel) on the day of the experimental session. Since hormone levels which 

fluctuate among females due to the menstrual cycle could affect cortical excitability (Smith et al., 2002), 

female participants were only 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). Female 

participants were requested to provide the start date of their most recent menstrual cycle to determine if 

they are currently in the follicular phase. 
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A remuneration of RM20 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: KSK050320). 

 

CFMT 

Two versions of the own-race CFMT (i.e., CFMT-Chinese (McKone et al., 2017) and CFMT-

Chinese Malaysian (Kho et al., 2023)) and two versions of the other-race CFMT (i.e., CFMT-original 

(Duchaine & Nakayama, 2006) and CFMT-Australian (McKone et al., 2011)) were used in the 

experiment. Details on the complete procedure for the CFMT could be found in section 3.1.1 Methods, 

Cambridge Face Memory Test – Chinese (CFMT-Chinese). 

 

TDCS 

The stimulation was delivered using Starstim 8 (Starstim, Neuroelectrics, Barcelona, Spain). The 

electrodes were inserted into a neoprene cap in accordance with the international 10-10 EEG system. For 

the cathodal condition, 1.5mA was applied to PO8 (cathode) and FP1 (anode) by using a pair of surface 

sponge electrodes (25cm2) soaked in saline solution (0.9% NaCl). Conversely, 1.5mA was applied to PO8 

(anode) and FP1 (cathode) for anodal condition. The current was ramped up and down for the first and 

last 30 seconds for anodal and cathodal stimulation. In the sham condition, the stimulation was only 

delivered for the first and last 30 seconds to evoke the sensation of stimulation, without affecting neuronal 

excitability (Thair et al., 2017). The parameters of the stimulations were in accordance with the standard 

safety constraints (i.e., maximum total injected current: 4mA; maximum current for each electrode: 

2mA). All stimulation conditions lasted for 20 minutes. Participants were monitored for any signs of 

distress at all times for safety purposes.  

 

Procedure 
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The CFMT was presented using PsychoPy (Peirce et al., 2019). Own and other-race versions of 

the CFMT were counterbalanced across participants. Participants first completed one own- and one other-

race CFMT as baseline tasks. The baseline tasks were included to ensure that there was no difference in 

individual face recognition ability between the stimulation groups prior to the stimulation. 

At the beginning of the stimulation session, a suitable neoprene cap size was selected based on 

the participant’s head circumference measurement. Next, the location of stimulation was cleaned with 

alcohol solution using a cotton swab. The sponge electrodes were then fitted onto the neoprene cap and 

the electrical reference ear clip was fixed onto the participant’s ear lobe. The impedance level was 

checked prior to the stimulation and monitored throughout the stimulation session. Participants received 

either sham stimulation, a-tDCS or c-tDCS for 20 minutes. A cartoon video was presented during the 

stimulation session to reduce inter-participant variability in visual sensation during the session (e.g., 

Renzi et al., 2015, for a similar procedure).  

After the stimulation, participants completed the alternate versions of the own- and other-race 

CFMT. At the end of the experiment, participants were asked to complete a questionnaire related to tDCS 

sensations to check if there was any difference between the sensation perceived from a-tDCS, c-tDCS and 

sham stimulation. The experimental session lasted for approximately one and a half hours for each 

session. 

 

3.4.2 Results 

All data were analyzed using JASP version 0.16.3 (JASP Team, 2022).  

 

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, and fatigue/decreased alertness) from 

the stimulation (a-tDCS vs. c-tDCS vs. sham stimulation). A difference in rating score of itching between 

stimulation type was found (H(2) = 13.918, p < .001). Post-hoc Dunn test showed that itching sensation 
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for a-tDCS (M = 1.633, SD = .890) was higher than c-tDCS (M = 1.233, SD = .774), p = .046. Itching 

sensation for a-tDCS was also higher than sham stimulation (M = .833, SD = .592), p < .001. The post-

hoc also showed that the itching sensation for c-tDCS was higher than sham stimulation, p = .046. No 

difference was found for rating score of pain (H(2) = 1.233, p = .540), burning (H(2) = 1.851, p = .396), 

warmth/heat (H(2) = 4.791, p = .091) and fatigue/decreased alertness (H(2) = 1.002, p = .606) between 

stimulation type. Kruskal-Wallis test also revealed no difference between stimulation type on the rating 

score for change in general state after stimulation (0 = not at all, 1 = slightly, 2 = considerably, 3 = much 

and 4 = very much), H(2) = .744, p = .689. For additional remarks on the sensation of stimulation and 

participants’ beliefs about whether they had received real or sham stimulation, refer to Appendix F. 

 

Baseline (pre-stimulation) 

Accuracy is reported in proportion correct. No accuracy difference was found for own-race 

recognition between stimulation groups, F(2, 87) = 1.532, p = .222, η2 = .034. A significant effect of 

stimulation group was found for other-race recognition accuracy, F(2, 87) = 3.417, p = .037, η2 = .073. 

However, Holm’s post hoc test reveal no difference between a-tDCS and c-tDCS (p = .915), a-tDCS and 

sham (p = .069), c-tDCS and sham (p = .069). Altogether, the results showed no difference in recognition 

ability for own- and other-race faces between stimulation groups prior to receiving stimulation. 

 

Post-stimulation performance3 

A mixed 2 (CFMT type: own-race vs. other-race) × 3 (simulation group: a-tDCS vs. c-tDCS vs. 

sham) ANOVA was conducted to examine if there was any difference in accuracy between stimulation 

groups (Figure 3.4). Accuracy reported is in proportion correct. Analysis revealed no main effect of 

stimulation group on accuracy, F(2, 87) = 1.093, p = .34, ηp
2 = .025. A main effect of CFMT type was 

 
3 Results of 2 (CFMT type: own-race vs. other-race) × 2 (session: pre vs. post) × 3 (simulation group: a-tDCS vs. c-

tDCS vs. sham) ANOVA and 2 (CFMT type: own-race vs. other-race) × 3 (task stage: learn vs. novel vs. novel-

with-noise) × 3 (simulation group: a-tDCS vs. c-tDCS vs. sham) ANOVA for CFMT performance on accuracy, 

reaction time and efficiency are included in Appendix G. 
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found, F(1, 87) = 160.809, p < .001, ηp
2 = .649, where own-race face recognition (M = .795, SD = .132) 

had higher accuracy compared to other-race face recognition (M = .660, SD = .121). No significant 

interaction effect was found between stimulation group and CFMT type on accuracy, F(2, 87) = .861, p 

= .427, ηp
2 = .019.  

A mixed 2 (CFMT type: own-race vs. other-race) × 3 (simulation group: a-tDCS vs. c-tDCS vs. 

sham) ANOVA was also conducted on correct median reaction times (Figure 3.4). Analysis revealed no 

main effect of stimulation group on reaction time, F(2, 87) = .892, p = .414, ηp
2 = .02. A main effect of 

CFMT type was found, F(1, 87) = 32.247, p < .001, ηp
2 = .27, where own-race face recognition (M = 

2.046s, SD = .561s) had shorter reaction time compared to other-race face recognition (M = 2.269s, SD 

= .630s). No significant interaction effect was found between stimulation group and CFMT type on 

reaction time, F(2, 87) = .265, p = .768, ηp
2 = .006. 

A mixed 2 (CFMT type: own-race vs. other-race) × 3 (simulation group: a-tDCS vs. c-tDCS vs. 

sham) ANOVA was also conducted on RCS (Figure 3.4). Analysis revealed no main effect of stimulation 

group on efficiency, F(2, 87) = 1.128, p = .328, ηp
2 = .025. A main effect of CFMT type was found, F(1, 

87) = 93.887, p < .001, ηp
2 = .519, where own-race face recognition (M = .352, SD = .134) had higher 

efficiency compared to other-race face recognition (M = .255, SD = .083). No significant interaction 

effect was found between stimulation group and CFMT type on efficiency, F(2, 87) = .494, p = .612, ηp
2 

= .011.  

  

Figure 3.4 

Accuracy (proportion correct), median reaction time for correct trials and efficiency in the stimulation 

groups, separated by own- and other-race CFMT versions. 
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Note. Error bar represents 95% confidence interval. The grey circles and triangles represent the individual 

data, while the orange circle and blue triangles represent the summary statistics. 

 

To explore the change in performance as a consequence of stimulation type, we also calculated 

the difference in accuracy between post- and pre-stimulation for each stimulation group and CFMT type 

(𝐴𝐶𝐶𝑃𝑜𝑠𝑡 − 𝐴𝐶𝐶𝑃𝑟𝑒). A higher value would indicate higher improvement in accuracy after stimulation. 

We analyzed these scores using a 2 (CFMT type: own-race vs. other-race) × 3 (simulation group: a-tDCS 

vs. c-tDCS vs. sham) ANOVA (Figure 3.5). Analysis revealed no main effect of stimulation group, F(2, 
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87) = .458, p = .634, ηp
2 = .01, nor a main effect of CFMT type, F(1, 87) = .063, p = .802, ηp

2 = .0007, on 

accuracy improvement. No significant interaction effect was found between stimulation group and CFMT 

type on accuracy improvement, F(2, 87) = 2.688, p = .074, ηp
2 = .058.  

We also calculated the difference in correct median reaction time between post- and pre-

stimulation for each stimulation group and CFMT type (𝑅𝑇𝑃𝑟𝑒 − 𝑅𝑇𝑃𝑜𝑠𝑡). A higher value would indicate 

higher improvement in reaction times after stimulation. We analyzed these scores using a 2 (CFMT type: 

own-race vs. other-race) × 3 (simulation group: a-tDCS vs. c-tDCS vs. sham) ANOVA (Figure 3.5). 

Analysis revealed no main effect of stimulation group, F(2, 87) = 1.782, p = .174, ηp
2 = .039, nor a main 

effect of CFMT type, F(1, 87) = .613, p = .436, ηp
2 = .007, on reaction time improvement. No significant 

interaction effect was found between stimulation group and CFMT type on reaction time improvement, 

F(2, 87) = .114, p = .893, ηp
2 = .003. 

We also calculated the difference in efficiency between post- and pre-stimulation for each 

stimulation group and CFMT type (𝑅𝐶𝑆𝑃𝑜𝑠𝑡 − 𝑅𝐶𝑆𝑃𝑟𝑒). A higher value would indicate higher 

improvement in efficiency after stimulation. We analyzed these scores using a 2 (CFMT type: own-race 

vs. other-race) × 3 (simulation group: a-tDCS vs. c-tDCS vs. sham) ANOVA (Figure 3.5). Analysis 

revealed no main effect of stimulation group, F(2, 87) = .354, p = .703, ηp
2 = .008, nor a main effect of 

CFMT type, F(1, 87) = .475, p = .493, ηp
2 = .005, on efficiency improvement. No significant interaction 

effect was found between stimulation group and CFMT type on efficiency improvement, F(2, 87) = 

1.094, p = .339, ηp
2 = .025. 

 

Figure 3.5 

Change in accuracy (post- minus pre-stimulation), median reaction time for correct trials (pre- minus 

post-stimulation) and efficiency (post- minus pre-stimulation) after stimulation, separated by stimulation 

group and own- and other-race CFMT versions.        
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Note. Error bar represents 95% confidence interval. The grey circles and triangles represent the individual 

data, while the orange circle and blue triangles represent the summary statistics. 

 

3.4.3 Discussion 

This study aimed to investigate the effect of anodal and cathodal tDCS on the recognition of own- 

and other-race faces. Based on the neurophysiological mechanism of tDCS (Nitsche & Paulus, 2000), we 

expected to find an enhanced performance for own- and other-race face recognition following a-tDCS and 
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a reduced performance for own- and other-race face recognition following c-tDCS. Our findings 

demonstrated that participants' post-stimulation performance was similar across all stimulation conditions 

(i.e., a-tDCS, c-tDCS and sham stimulation). In addition, there were no differences in the performance 

change (calculated using baseline and post-stimulation scores) between the different stimulation 

conditions. Thus, overall, our results showed no difference in accuracy, reaction time and efficiency for 

own- and other-race face recognition after either a-tDCS, c-tDCS or sham stimulation.   

Contrary to our expectation, a-tDCS did not improve own- or other-race face recognition. Our 

findings are in line with past work which have reported null effects of a-tDCS on the occipital region 

involved in face processing (Willis et al., 2019). Interestingly, although the same stimulation protocol 

(i.e., 20 minutes of offline 1.5mA of tDCS to the occipital region delivered using a 25cm2 sponge 

electrode) and face recognition measure (i.e., CFMT) were used in the current experiment and Barbieri et 

al. (2016), we failed to replicate the face memory improvement effect found in their experiment. We also 

found no impairment of own- or other-race face recognition after c-tDCS. This is in line with previous 

work suggesting that the effects from cathodal stimulation are relatively inconsistent (Jacobson et al., 

2012). However, this contradicted findings by Costantino et al. (2017) where they suggested that c-tDCS 

impaired the recognition of other-race faces. In this study, we used the same stimulation protocol and face 

recognition measure as Costantino et al. (2017). In addition, we also used more comparable measures 

across baseline and post-stimulation tasks (i.e., different versions of the CFMT). However, we failed to 

replicate the impairment of other-race recognition reported by Costantino et al. (2017). Our findings are 

in line with past studies showing that cathodal stimulation does not always lead to a decrease in neuronal 

excitability and performance (Horvath et al., 2015; Wiethoff et al., 2014), and that its effects on cognition 

can be inconsistent (Jacobson et al., 2012). 

Overall, our findings support past research showing that the effect of a-tDCS and c-tDCS may not 

always be reliable (López-Alonso et al., 2014; Strube et al., 2015; Wiethoff et al., 2014). For example, it 

has been reported that more than half of the participants (55%) did not show the expected excitatory 

effect on neuronal excitability after a-tDCS whereas the remaining 45% showed the expected excitatory 
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effect (López-Alonso et al., 2014). In line with this, a different study reported that 50% of the participants 

showed little or no response to tDCS whereas the remaining participants responded similarly to both c-

tDCS and a-tDCS (Wiethoff et al., 2014). Thus, it could be that the participants in our experiment were 

less responsive to tDCS leading to the null effects of both a-tDCS and c-tDCS on the face recognition 

tasks.  

In fact, the inter-individual differences in the tDCS effects is a known limitation of tDCS studies. 

The lack of stimulation effect could be attributed to differences in the biological substrate such as the pre-

existing neurotransmitter levels and differences in head size and scalp thickness (Krause & Cohen 

Kadosh, 2014; Laakso et al., 2019). Therefore, some participants might have received more or less 

stimulation effect than others, leading to variability in the effectiveness of tDCS. This issue, however, 

could not be resolved by implementing a within-subjects design as past work has also shown intra-

individual differences in the effect of tDCS where the effect of tDCS varies across different test sessions 

(Dyke et al., 2016). Hence, intra- and inter-individual differences may have contributed to the inconsistent 

findings of tDCS studies. 

In addition, the lack of stimulation effect observed in our study may be due to the low focality of 

stimulation to the target area, which is a common limitation of tDCS studies that use a traditional two-

electrode montage. Research by Barbieri et al. (2016) found that this type of stimulation did not produce 

face-specific effects, as it improved both face and object memory. In contrast, research targeting the FFA 

with high-focality stimulation have shown selective enhancement of face memory (Brunyé et al., 2017). 

The low focality stimulation used in our study may have resulted in current spreading to non-target 

regions, leading to noise in the data. To address this limitation, future studies could use high focality 

stimulation techniques such as high-definition tDCS (Datta et al., 2009; Kuo et al., 2013; Villamar et al., 

2013) or multifocal tDCS (Fischer et al., 2017), which rely on smaller electrodes to increase focality and 

reduce current spread to non-target regions. 

To conclude, we found no effect of a-tDCS and c-tDCS in the recognition of own- and other-race 

faces. Our findings showed that the effects of anodal and cathodal tDCS may not always be reliable and 
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support the inconsistency of tDCS effects in face processing (Willis et al., 2019). This is consistent with 

the increasing number of studies that have failed to replicate the positive effects of transcranial electrical 

stimulation on mood and emotion (Koenigs et al., 2009), working memory (Nilsson et al., 2015, 2017; 

Westwood & Romani, 2018), verbal fluency (Vannorsdall et al., 2016; Westwood & Romani, 2018), 

reading (Cummine et al., 2020), sustained attention (Jacoby & Lavidor, 2018) and spatial attention 

(Learmonth et al., 2017). 
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Chapter 4 – Own- and other-race face learning in high 

and low variability 

Other than tDCS, we also examined if different variation during multiple exposure of an identity 

could affect own- and other-race face learning. Familiar faces are more easily recognized compared to 

unfamiliar faces (Bruce et al., 2001). We are able to recognize familiar faces in different viewing 

conditions (e.g., difference in lighting) but this is seemingly difficult for unfamiliar faces (Sinha et al., 

2006). For example, minor differences such as viewing angle (Favelle et al., 2011), changes in lighting, 

viewpoint or expression (Bruce, 1982; Estudillo, 2012; Estudillo & Bindemann, 2014; Longmore et al., 

2008) could impair unfamiliar face recognition. Familiar faces are thought to have a robust representation 

in the memory which is built up from multiple exposure of a face in different context (Burton et al., 2005; 

Jenkins & Burton, 2011; Johnston & Edmonds, 2009). Extensive research has since investigated if faces 

presented in multiple exposure and variation could enhance the learning of new identities (e.g., Dowsett et 

al., 2016; Ritchie et al., 2021; White et al., 2014). 

In face matching tasks, observers have to determine if two images of a face, presented either 

simultaneously or sequentially depict the same or a different identity (Burton et al., 2010). Strong 

evidence has been found that multiple exposures to a face could enhance identity learning using a face 

matching task. For instance, face matching accuracy increased when two images of an identity were 

available for comparison to a target image compared to when only one image was available (Menon et al., 

2015; White, Burton, et al., 2014). Furthermore, face matching accuracy was better when an average face 

generated from 12 images of an identity was used for comparison as opposed to a single-image 

comparison. In line with these results, it has been found that performance for the face-sorting task 

improved as additional photos of the target were presented for comparison (Dowsett et al., 2016; 

Matthews & Mondloch, 2018). Additionally, viewing multiple images of an identity in a face-sorting task 

later improved face matching accuracy for faces that were previously viewed in the face-sorting task 
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(Andrews et al., 2015). Presenting multiple images of a target identity has also been shown to increase 

accuracy in identifying the target in surveillance video footage (Mileva & Burton, 2019). Accuracy 

improved when three different images of the target were presented during target search in surveillance 

video footage, as compared to when only a single image of the target was presented. To summarize, these 

studies demonstrate that multiple exposures to a face do enhance learning and recognition of a new 

identity in terms of photos and videos. 

Apart from that, past research has also examined if different levels of variation during multiple 

exposures to an identity could affect identity learning. Variability plays an important role in developing a 

robust face representation (Burton et al., 2005). Faces exhibit a remarkable degree of natural variability, 

encompassing features like expressions, lighting conditions, angles, and identity-specific characteristics. 

By encountering faces in diverse contexts and under varying conditions, individuals develop a more 

durable and flexible face recognition system (Corpuz & Oriet, 2022). Exposure to variability facilitates 

the refinement of face-processing mechanisms, enhancing the ability to extract invariant facial 

information while accommodating the nuances of change (Jenkins & Burton, 2011). For instance, it has 

been found that accuracy was higher when the two-image comparison presented during a face matching 

task was in a high variability condition (i.e., photos taken on different days that are highly dissimilar) 

compared to a low variability condition (i.e., photos taken on the same day with high similarity) (Menon 

et al., 2015). In line with this, a different study reported higher accuracy in a name verification task and a 

face matching task when unfamiliar identities were learned in a high variability condition compared to a 

low variability condition (Ritchie & Burton, 2017). The benefit of high variability in identity learning was 

observed in terms of videos as well. For example, one study compared identity learning when viewing a 

10 minutes video footage in low variability (video filmed on the same day with the same appearance and 

lighting) and high variability (video filmed on different days with different appearance and lighting) 

(Baker et al., 2017). Children were more accurate in an identity-sorting task after viewing the video 

footage in the high variability condition compared to the low variability condition, however, this effect 

was weaker in adult participants. Taken together, these studies indicate that multiple exposures to a face 
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with high within-person variability are more advantageous for identity learning as compared to low 

within-person variability. It is, however, important to note that only natural variability is important for 

identity learning, as uncommon variability such as inversion and contrast-reversed could deter identity 

learning (Kramer et al., 2017).  

Since multiple exposures to a face in high variation have been shown to be effective in enhancing 

identity learning, this could have potential applied consequences for forensic settings (i.e., ID control). 

For example, it has been suggested that photo IDs could be redesigned to incorporate multiple photos 

instead of a single photo to improve identity verification procedures (White, Burton, et al., 2014). 

However, when multiple exposures (four images of an identity for comparison to the target) and an 

average face (generated from 12 images of an identity) were tested in a real-life matching task, it was 

found that the accuracy level for multiple exposures and average faces did not differ from single-image 

comparison (Ritchie et al., 2020). In line with this, one study has shown that accuracy in a simultaneous 

face matching task did not differ between two-image comparison (frontal and profile views) and single-

image comparison (frontal or profile view) (Kramer & Reynolds, 2018). Findings from these studies 

contradict previous work discussed in this section, which demonstrated that multiple exposures to a face 

could improve identity learning. One possible explanation for this is that the advantage of multiple 

exposures in high variation only applies to tasks with high memory demands (but see Bindemann & 

Sandford, 2011). For instance, it has been found that the advantage of multiple exposures in identity 

learning is present in a name verification task and sequential face matching task (involves memory), but 

not in a simultaneous face matching task (does not involve memory) (Ritchie et al., 2021; Ritchie & 

Burton, 2017; Sandford & Ritchie, 2021). Taken together, these studies indicate that multiple exposures 

of a face with high within-person variability are more advantageous for learning a new identity but not 

identification in a simultaneous face matching task as compared to low within-person variability.  

Recognition of other-race faces is usually more difficult compared to own-race faces and this is 

known as the other-race effect (ORE) (Meissner & Brigham, 2001). Consistent with this, research has 

shown that other-race faces are indeed more difficult to be learned compared to own-race faces 
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(Tüttenberg & Wiese, 2019). In fact, single image repetition of faces seems to improve recognition 

accuracy for own-race faces (Y. Wang et al., 2017), but impair recognition accuracy for other-race faces 

(Palma & Garcia-Marques, 2021). However, other research has shown that exposure to within-person 

variability of an identity could enhance other-race face recognition compared to the presentation of a 

single image of an identity in old-new recognition paradigm (Cavazos et al., 2019) and in a line-up task 

(Matthews & Mondloch, 2018). These findings suggest that whereas repeating a single image could deter 

other-race face recognition, exposure to within-person variability across images could enhance other-race 

face recognition. However, it is still unclear how different levels of within-person variability during face 

exposure would affect identity learning for other-race faces.  

This question is important from a theorical point of view. Recently, a cost-effective mechanism 

for face learning have been proposed (Devue et al., 2021; Reedy & Devue, 2019), which suggests that 

external features are prioritized when presented with stable face appearance, while detailed encoding of 

internal features occurs when there is variability in face appearance. Previous research has shown that 

other-race face recognition usually relies more on external features (e.g., hairstyle) compared to internal 

features (e.g., shape of eyes) (Havard, 2021; Sporer & Horry, 2011; Wong et al., 2020). For instance, 

Wong et al. (2020) found that the ORE was observed only when internal features were presented 

independently, and this effect was eliminated when faces were shown with both internal and external 

features as a unified whole, demonstrating the importance of external features for other-race face 

recognition. In line with this, other research has indicated that the omission of external features leads to a 

decline in accuracy for recognizing other-race faces, as observed in both memory-based tasks (i.e., old-

new recognition paradigm) (Sporer & Horry, 2011) and tasks without a memory component (i.e., face 

matching tasks) (Havard, 2021). Since other-race face recognition relies more on external features, it is 

possible that low within-person variability (i.e., stable face appearance) may be more beneficial for other-

race face learning than high within-person variability, because the latter involves consistent changes in 

external features that may hinder other-race face learning. 
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Thus, we aim to examine the effect of high and low within-person variability exposure for both 

own- and other-race face learning. Own- and other-race identities will be learned in high and low 

variability conditions and identity recognition will first be tested by using a name verification task in 

Experiment 4a and then by an old-new recognition paradigm in Experiment 4b. Through a name 

verification task, we can examine the potential impact of variability on the person identity nodes (PINs) 

as outlined in Bruce and Young (1986). Conversely, the old-new verification task will allow us to 

evaluate whether variability has an effect on the face recognition units (FRUs) described in the same 

model by Bruce and Young (1986). 

Based on the findings discussed earlier which showed that multiple exposures with high within-

person variability are more advantageous for own-race identity learning compared to low within-person 

variability (Baker et al., 2017; Menon et al., 2015; Ritchie & Burton, 2017), we expect enhanced face 

learning for own-race identities learned in high variability condition compared to low variability 

condition. For other-race faces, we expect that enhanced face learning would occur for identities learned 

in low variability condition than high variability condition if other-race faces are predominantly processed 

using external features. Conversely, if participants could successfully focus on the internal features when 

exposed to high within-person variability images with consistent changes in external features, we expect 

that enhanced learning of other-race faces would occur for identities learned in high variability condition 

than low variability condition, as high variation in face appearance leads to detailed encoding of internal 

features. 

 

4.1 Experiment 4a 

The current study aimed to investigate own- and other-race face learning in high and low within-

person variability exposure. Experiment 4a partially replicates Ritchie and Burton's experiment (2017) 

where participants learned identities in high and low variability condition and were tested with a name 

verification task. However, the current experiment included both own- and other-race identities in the task 
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(i.e., Caucasian and Chinese) and we recruited both Chinese Malaysian and Caucasian participants for 

this experiment.  

 

4.1.1 Methods 

Design 

A mixed design was implemented. The within-subject factors were variability (high and low) and 

stimuli (Chinese and Caucasian) and the between-subject factor was participants’ race (Chinese 

Malaysian and Caucasian). The presentation order of stimuli was counterbalanced. The dependent 

variables were accuracy, reaction time and efficiency. We include an efficiency measure to avoid any 

potential speed-accuracy trade-offs (Gueugneau et al., 2017; Heitz, 2014; Liesefeld et al., 2015; 

Wickelgren, 1977). Reaction times and accuracy were used to calculate the rate-correct score (RCS), a 

measure of efficiency (Woltz & Was, 2006). 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. We use RCS as it 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 (Vandierendonck, 2017). 

 

Participants 

In total, 125 Chinese Malaysian and 156 Caucasian participants took part in this experiment, but 

the final sample included 103 Chinese Malaysian (79 females, 2 others) and 91 Caucasian (76 females, 2 

others) age ranged between 18 to 67 years (M = 22.32 years, SD = 5.42 years). Data from participants of 

other-race (12), median reaction time that was less than 500ms or accuracy below chance level (50%) 

(32), inaccurate responses for the learning stage (41), which accidentally did the experiment for the 

second time (1) and were familiar with more than 50% of the identities shown in the task (i.e., eight 

identities) (1) were removed from further analysis.  
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An a priori power analysis was conducted using G*Power 3.1 (Faul et al., 2009) for a mixed 

ANOVA comparing the own- and other-race identities learned in high and low variability condition of 

Chinese Malaysian and Caucasian participants. The effect size for variability was based on Ritchie and 

Burton (2017) where ηp
2 = .28 and Ritchie et al. (2021) where ηp

2 = .52 and .20, large effect size. A large 

effect size estimate (ηp
2 = .14) was entered into the power analysis with the following parameters: alpha 

= .05, power = .95. The power analysis suggested that N = 40 is required to detect a difference between 

the variability condition with 95% probability.  

All participants provided informed consent to participate in the study. Participants were 

compensated with either course credits or RM5 for participation. The study was reviewed and approved 

by the Science and Engineering Research Ethics Committee (SEREC) at the University of Nottingham 

Malaysia (approval code: KSK270521). 

 

Apparatus and Materials 

The Caucasian stimuli used in the face learning task were identical to Ritchie and Burton (2017) 

which were kindly provided by the authors. Ten identities (five males and five females) were included for 

each race, totalling up to 20 identities. Identities used in the Caucasian stimuli consist of Australian 

celebrities (radio host, comedian, etc.) and identities used in the Chinese stimuli consist of Chinese 

celebrities (athlete, Esports player, etc.), so participants recruited in this experiment should not be familiar 

with any of the identities shown in the task. In total, there were 20 high variability images and 10 low 

variability images for each identity (i.e., 10 high variability and 10 low variability images for study phase, 

and 10 high variability images for test phase). The high variability images differed in terms of person 

(hairstyle, age, clothing, facial expression, etc.) and conditions (background, lighting, quality of image, 

etc.) whereas the low variability images differed in terms facial expression and head angle but not in 

terms of hairstyle, age, clothing and conditions (background, lighting, quality of image, etc.). For the 

Chinese stimuli, the high variability images were obtained by searching the name of the celebrity on 

Google Image whereas the low variability images were screenshots of interview videos found on 
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YouTube by searching the name of the celebrity. The images (260 × 390 pixels) were presented on a grey 

background. Sample low and high variability images could be found in Figure 4.1. 

 

Figure 4.1 

Sample stimuli for low variability (A) and high variability (B) condition, featuring an identity that did not 

appear in the experiment. Test images comprised of high variability images that were not used during the 

study phase. Actual stimuli used in experiment are not presented due to copyright restriction on the 

images. 

 

 

Procedure 

Testable (https://www.testable.org/) was used to run the online experiment (Rezlescu et al., 

2020). The task was presented in two blocks, Chinese and Caucasian. Each block consists of two phases: 

learning and test. In the learning phase, 10 identities (10 images for each identity) were presented with 

their actual names above the image to be memorized. Each image was presented for 5000ms with inter-
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trial interval of 500ms. Five identities were presented in low variability condition and five were presented 

in high variability condition. The identities used for high and low within-person variability condition were 

counterbalanced. The name of the identity remained on screen throughout the presentation of images of 

each identity. At the end of the presentation of each identity, participants were asked to type the name of 

the identity that they had viewed. This was done to ensure that participants were attentive during the 

learning phase. Participants were allowed to take breaks in between the presentation of identities if 

required. The learning phase took approximately 10 minutes. 

The test phase of the task consists of a name verification task which consisted of 100 trials (10 

identities × 10 trials). Images presented in the test phase were novel high variability images. In each trial, 

the name was presented for 1500ms followed by the test images which were presented until response. 

There was an inter-trial interval of 500ms. Half of the trials were matched with the correct name and the 

other half were mismatched (five matched trials and five mismatched trials for each identity). The names 

presented were only of the 10 identity’s name, no novel name was introduced. Female names were only 

used for female identities and male names were only used for male identities in the mismatched trials. 

Participants were asked to indicate if the name matched the image presented as quickly and as accurately 

as possible. The keys used for response was “z” and “m”. The keys used for “match” or “does not match” 

response, either right hand (“m”) or left hand (“z”) were counterbalanced. The test phase took about 5 

minutes to complete. At the end of each block, participants were asked if they were familiar with any of 

the identities shown in the task. The whole experiment lasted approximately 30 minutes. 

 

4.1.2 Results 

All data analysis was conducted using JASP (JASP Team, 2022). Participants who had typed the 

name of the identity with one incorrect letter during the learning phase had their data included in the 

analysis (e.g., typing Fiffi when the actual name is Fifi). For participants (two Chinese Malaysian) who 

reported familiarity with less than half of the identities shown in the task (i.e., one identity), test trials 

involving the familiar identity were removed prior to the analysis. Mixed ANOVAs were conducted to 
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explore potential differences between own- and other-race identities learned in high and low variability 

condition. 

 

Accuracy 

A 2 (variability: high vs. low) × 2 (face race: Chinese vs. Caucasian) × 2 (participant race: 

Chinese Malaysian vs. Caucasian) mixed ANOVA was conducted on the accuracy (calculated by 

proportion correct scores including hits and correct rejections) (Figure 4.2). The analysis revealed a 

significant main effect of variability on accuracy, F(1, 192) = 11.494, p < .001, ηp
2 = .056. Accuracy for 

high variability condition (M = .770, SD = .146) was higher compared to the low variability condition (M 

= .752, SD = .140). The analysis also revealed a significant main effect of face race, F(1, 192) = 118.122, 

p < .001, ηp
2 = .381 where Caucasian stimuli (M = .802, SD = .122) had higher accuracy compared to 

Chinese stimuli (M = .720, SD = .151). A significant main effect of participant race was found, F(1, 192) 

= 20.981, p < .001, ηp
2 = .099 where Caucasian participants (M = .727, SD = .143) had lower accuracy 

compared to Chinese Malaysian participants (M = .792, SD = .137). 

A significant interaction effect of face race and participant race was found, F(1, 192) = 104.859, p 

< .001, ηp
2 = .353. Chinese Malaysian participants showed similar accuracy for both Chinese and 

Caucasian stimuli, F(1, 102) = .200, p = .656, η2 = .002, while Caucasian participants showed higher 

accuracy for Caucasian stimuli (M = .811, SD = .110) than Chinese stimuli (M = .642, SD = .091), F(1, 

90) = 222.742, p < .001, η2 = .712. Additionally, for Chinese stimuli, Chinese Malaysian participants (M 

= .789, SD = .134) showed higher accuracy compared to Caucasian participants (M = .642, SD = .091), 

F(1, 192) = 77.553, p < .001, η2 = .288. No difference between Chinese Malaysian participants and 

Caucasian participants were found for Caucasian stimuli, F(1, 192) = 1.113, p = .293, η2 = .006. 

No significant interaction was found between variability and participant race, F(1, 192) = 2.593, 

p = .109, ηp
2 = .013, variability and face race, F(1, 192) = 1.055, p = .306, ηp

2 = .005 and variability, face 

race and participant race, F(1, 192) = 3.517, p = .062, ηp
2 = .018. 
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Reaction time 

A 2 (variability: high vs. low) × 2 (face race: Chinese vs. Caucasian) × 2 (participant race: 

Chinese Malaysian vs. Caucasian) mixed ANOVA was conducted on the median reaction time for correct 

trials (Figure 4.2). The analysis revealed a significant main effect of variability on reaction time, F(1, 

192) = 5.752, p = .017, ηp
2 = .029. Reaction time for high variability condition (M = 1323.091ms, SD = 

736.341ms) was shorter compared to the low variability condition (M = 1367.768ms, SD = 727.758ms). 

The analysis also revealed a significant main effect of face race, F(1, 192) = 20.479, p < .001, ηp
2 = .096 

where Caucasian stimuli (M = 1246.548ms, SD = 577.935ms) had shorter reaction times compared to 

Chinese stimuli (M = 1444.312ms, SD = 848.066ms). No main effect of participant race was found, F(1, 

192) = 2.749, p = .099, ηp
2 = .014.  

A significant interaction of face race and participant race was found, F(1, 192) = 18.888, p 

< .001, ηp
2 = .090. Chinese Malaysian participants showed no difference in reaction time for both Chinese 

and Caucasian stimuli, F(1, 102) = .026, p = .873, η2 = .0003, while Caucasian participants showed 

shorter reaction time for Caucasian stimuli (M = 1061.492ms, SD = 309.735ms) than Chinese stimuli (M 

= 1473.670ms, SD = 930.629ms), F(1, 90) = 26.871, p < .001, η2 = .023. Additionally, for Caucasian 

stimuli, Chinese Malaysian participants (M = 1410.044ms, SD = 665.369ms) showed longer reaction time 

compared to Caucasian participants (M = 1061.492ms, SD = 309.735ms), F(1, 192) = 20.951, p < .001, η2 

= .098. No difference between Chinese Malaysian participants and Caucasian participants were found for 

Chinese stimuli, F(1, 192) = .216, p = .643, η2 = .001. 

A significant interaction effect of variability and participant race was found, F(1, 192) = 3.953, p 

= .048, ηp
2 = .020. Chinese Malaysian participants showed shorter reaction time for high variability 

condition (M = 1375.345ms, SD = 620.281ms) than low variability condition (M = 1453.073ms, SD = 

692.830ms), F(1, 102) = 8.368, p = .005, η2 = .076, while Caucasian participants showed no difference in 

reaction time for high and low variability condition, F(1, 90) = .106, p = .745, η2 = .001. In terms of low 

variability condition, Chinese Malaysian participants (M = 1453.073ms, SD = 692.830ms) showed longer 

reaction time compared to Caucasian participants (M = 1271.214ms, SD = 569.739ms), F(1, 192) = 3.924, 



TDCS AND COGNITIVE TRAINING IN FACE RECOGNITION - 127 

 

p = .049, η2 = .020. No difference between Chinese Malaysian participants and Caucasian participants 

were found in high variability condition, F(1, 192) = 1.582, p = .210, η2 = .008. 

No interaction effect between variability and face race, F(1, 192) = 1.018, p = .314, ηp
2 = .005, 

and variability, face race and participant race, F(1, 192) = .012, p = .914, ηp
2 = 6.044e - 5, were found. 

 

Efficiency 

A 2 (variability: high vs. low) × 2 (face race: Chinese vs. Caucasian) × 2 (participant race: 

Chinese Malaysian vs. Caucasian) mixed ANOVA was conducted on efficiency calculated by RCS 

(Figure 4.2). The analysis revealed a significant main effect of variability on efficiency, F(1, 192) = 

25.010, p < .001, ηp
2 = .115. Efficiency for high variability condition (M = .529, SD = .241) was higher 

compared to the low variability condition (M = .495, SD = .221). The analysis also revealed a significant 

main effect of face race, F(1, 192) = 78.159, p < .001, ηp
2 = .289, where Caucasian stimuli (M = .562, SD 

= .245) had higher efficiency compared to Chinese stimuli (M = .462, SD = .206). No main effect of 

participant race was found, F(1, 192) = 2.609, p = .108, ηp
2 = .013.  

A significant interaction effect of face race and participant race was found, F(1, 192) = 70.254, p 

< .001, ηp
2 = .268. Chinese Malaysian participants showed no difference in efficiency for both Chinese 

and Caucasian stimuli, F(1, 102) = .120, p = .730, η2 = .001, while Caucasian participants showed higher 

efficiency for Caucasian stimuli (M = .639, SD = .233) than Chinese stimuli (M = .431, SD = .169), F(1, 

90) = 130.637, p < .001, η2 = .592. Additionally, Chinese Malaysian participants (M = .489, SD = .208) 

showed higher efficiency compared to Caucasian participants (M = .431, SD = .169) for Chinese stimuli, 

F(1, 192) = 4.40, p = .037, η2 = .022. Contrastingly, Chinese Malaysian participants (M = .494, SD 

= .208) showed lower efficiency compared to Caucasian participants (M = .639, SD = .233) for Caucasian 

stimuli, F(1, 192) = 20.966, p < .001, η2 = .098. 

A significant interaction effect of variability and participant race was found, F(1, 192) = 6.181, p 

= .014, ηp
2 = .031. Chinese Malaysian participants showed higher efficiency for high variability condition 

(M = .516, SD = .202) than low variability condition (M = .467, SD = .190), F(1, 102) = 33.440, p < .001, 
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η2 = .247, while Caucasian participants showed no difference in efficiency for high and low variability 

condition, F(1, 90) = 2.657, p = .107, η2 = .029. In terms of the low variability condition, Chinese 

Malaysian participants (M = .467, SD = .190) showed lower efficiency compared to Caucasian 

participants (M = .527, SD = .189), F(1, 192) = 4.827, p = .029, η2 = .025. No difference between Chinese 

Malaysian participants and Caucasian participants was found in the high variability condition, F(1, 192) 

= .937, p = .334, η2 = .005. Analysis showed no interaction effect of variability and face race, F(1, 192) = 

3.376, p = .068, ηp
2 = .017, and variability, face race and participant race, F(1, 192) = 1.923, p = .167, ηp

2 

= .010. 

 

Figure 4.2 

Accuracy, median reaction time for correct trials and efficiency plotted separately for Caucasian and 

Chinese Malaysian participants in Experiment 4a. 
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Note. Error bars represent 95% confidence intervals. 

 

4.1.3 Discussion 

Overall, our results showed that participants performed better in terms of accuracy, reaction time 

and efficiency for identities learned in high variability condition compared to the identities learned in low 

variability condition. Additionally, Caucasian participants performed better in terms of accuracy, reaction 

time and efficiency for Caucasian stimuli compared to Chinese stimuli. However, Chinese Malaysian 

participants performed equally well for Caucasian stimuli and Chinese stimuli. Although Caucasian 

participants presented the expected ORE for Chinese faces which is in line with past work (Meissner & 
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Brigham, 2001; Wong et al., 2020), Chinese Malaysians did not present an ORE for Caucasian faces. This 

finding is in line with Tan et al. (2012) who found that Chinese Malaysian participants recognized East 

Asian and Western faces equally well. The absence of ORE for Caucasian faces may be due to high 

exposure to Western culture in Malaysia as evident from the preference of Hollywood films over local 

films in Malaysia (Kit & Chuan, 2012; Sriganeshvarun & Abdul Aziz, 2019). Additionally, previous 

research has suggested that bilinguals may display reduced ORE (Burns, Tree, et al., 2019; Kandel et al., 

2016). Malaysia is a multilingual country featuring multiple prominent languages such as Malay, English, 

Mandarin and Tamil (David et al., 2017). Therefore, the lack of ORE observed for Caucasian faces 

among Chinese Malaysian may be attributed to the high rate of bilingualism or multilingualism in the 

country, which could potentially reduce the ORE. 

Since Chinese Malaysians did not show an ORE for Caucasian faces, only Caucasian participants 

could be used to examine if other-race identities (i.e., Chinese) learned in high variability condition had 

better recognition compared to the other-race identities learned in low variability condition. Based on the 

graphs in Figure 4.2 for Caucasian participants, there seem to be no differences in terms of accuracy, 

reaction time or efficiency for other-race identities learned in high variability condition and low 

variability condition. 

One limitation of this experiment is that the name verification task requires participants to 

memorize the name and the face to perform accurately during the testing phase. However, Caucasian 

participants may be unfamiliar with Chinese names which could deter face and name matching accuracy 

for the Chinese identities. This is demonstrated by the high percentage of Caucasian participants who 

entered names inaccurately during the learning stage: 33 of the 41 participants who did so were Caucasian 

participants, whereas the remaining eight were Chinese Malaysian participants. Therefore, In Experiment 

4b, we employed an old-new recognition paradigm which does not require precise name memorization 

during the testing phase. 
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4.2 Experiment 4b 

In Experiment 4b, participants learned own- and other-race identities in high and low variability 

conditions as in Experiment 4a, but they were tested with an old-new face recognition paradigm as 

opposed to a name verification task. Similar to Experiment 4a, we recruited Chinese Malaysian and 

Caucasian participants for this experiment.  

 

4.2.1 Methods 

Design 

A mixed design was implemented. The within-subject factors were variability (high and low) and 

stimuli (Chinese and Caucasian) and the between-subject factor was participant race (Chinese Malaysian 

and Caucasian). The presentation order of stimuli was counterbalanced. Similar to Experiment 4a, the 

dependent variables were accuracy, reaction time, and efficiency. In addition to efficiency measurements, 

signal detection measurements were included to evaluate participants' ability to distinguish between 

signals (stimuli) and noise (absence of stimuli) (Macmillan & Creelman, 2005; Stanislaw & Todorov, 

1999). Sensitivity was calculated using the hit rate (proportion of responding yes on signal trials) and the 

false-alarm rate (proportion of responding yes on noise trials) to calculate d-prime. 

 

Participants 

In total, 129 Chinese Malaysian and 135 Caucasian participants took part in this experiment, but 

the final sample included 95 Chinese Malaysian (63 females, 1 others) and 96 Caucasian (84 females, 2 

others) aged between 18 to 67 years (M = 21.59 years, SD = 4.78 years). Data from participants of other-

race (1), median reaction time that was less than 500ms or accuracy below chance level (50%) (31), 

inaccurate responses for the learning stage (40) and which accidentally did the experiment for the second 

time (1) were removed from further analysis.  

The results of an a priori power analysis conducted using G*Power 3.1 (Faul et al., 2009) was as 

in Experiment 4a. A large effect size was estimated and the power analysis suggested that N = 40 is 
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required to detect a difference between the variability condition with 95% probability. All participants 

have provided informed consent to participate in the study. Participants were compensated with either 

course credits or RM5 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: KSK270521). 

 

Apparatus and Materials 

For both Caucasian and Chinese stimuli, the high variability images were obtained by searching 

the name of the celebrity on Google Image whereas the low variability images were screenshots of 

interview videos found on YouTube by searching the name of the celebrity. We employed a new set of 

Caucasian and Chinese stimuli in this study to prevent familiarity with the stimuli used in Experiment 4a. 

Twenty identities (ten males and ten females) were included for each race, totalling up to 20 identities. 

Identities used in the Caucasian stimuli consist of American and Australian celebrities (athletes, model, 

television presenter, etc.) and identities used in the Chinese stimuli consist of China celebrities (athletes, 

etc.), so participants recruited in this experiment should not be familiar with any of the identities shown in 

the task. In total, there were 15 high variability images and 10 low variability (i.e., 10 high variability and 

10 low variability images for study phase, and five high variability images for test phase) images for each 

identity. The images (260 × 390 pixels) were presented on a grey background.  

 

Procedure 

Testable was used to run the online experiment (Rezlescu et al., 2020). The task was presented in 

two blocks, Chinese and Caucasian. Each block consists of two phases: learning and test. The learning 

phase was as in Experiment 4a. In this study, six Chinese names were modified to facilitate name 

memorization in the learning phase (e.g., MoSheung to MoShen). The names were included in the 

experiment to aid participants in differentiating the faces and to ensure that participants were attentive 
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during the learning phase. However, it was not required for participants to recognize the names during the 

test phase. 

The test phase of the task consists of a recognition memory task which consisted of 100 trials (10 

identities × 10 trials). Images presented in the test phase were novel high variability images. In each trial, 

the test images without names were presented until response. There was an inter-trial interval of 500ms. 

Half of the trials were images of identities which have been presented in the learning stage and the other 

half were novel identities. Participants were asked to indicate if the identity shown has been presented in 

the learning stage or not as quickly and as accurately as possible. The keys used for response was “z” and 

“m”. The keys used for “have seen the identity in the learning stage” or “have not seen the identity 

before” response, either right hand (“m”) or left hand (“z”) were counterbalanced. The test phase took 

about 5 minutes to complete. Identities used in the learning phase and novel identities in the test phase 

were counterbalanced. At the end of each block, participants were asked if they were familiar with any of 

the identities shown in the task. The whole experiment lasted approximately 30 minutes. 

 

4.2.2 Results 

Participants who had typed the name of the identity with just one incorrect letter during the 

learning phase were included in the analysis. For participants (four Chinese Malaysian) who reported 

familiarity with less than half of the identities shown in the task (i.e., one identity), test trials involving 

the familiar identity were removed prior to the analysis. We conducted our analysis using only the trials 

featuring identities that were presented during the learning stage (i.e., hit trials) (for a similar procedure, 

see Longmore et al., 2008). This was because the identities presented during the learning stage varied on 

two factors (high and low variability), while the distractors only varied on one factor (novel identities). 

Consequently, we excluded trials with novel identities from our analysis. Mixed ANOVAs were 

conducted to explore potential differences between own- and other-race identities learned in high and low 

variability condition. D’ was calculated based on the same false alarm rate for high variability and low 

variability conditions. 
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Accuracy 

A 2 (variability: high vs. low) × 2 (face race: Chinese vs. Caucasian) × 2 (participant race: 

Chinese Malaysian vs. Caucasian) mixed ANOVA was conducted on the accuracy (calculated by 

proportion correct scores) (Figure 4.3). The analysis revealed a significant main effect of variability on 

accuracy, F(1, 189) = 635.647, p < .001, ηp
2 = .771. Accuracy for high variability condition (M = .699, SD 

= .177) was higher compared to the low variability condition (M = .441, SD = .182). The analysis also 

revealed a significant main effect of face race, F(1, 189) = 10.223, p = .002, ηp
2 = .051, where Caucasian 

stimuli (M = .586, SD = .215) had higher accuracy compared to Chinese stimuli (M = .554, SD = .226). 

No effect of participant race was found, F(1, 189) = .242, p = .623, ηp
2 = .001. 

Results showed a significant interaction effect between variability and participant race, F(1, 189) 

= 7.577, p = .006, ηp
2 = .039. High variability condition (M = .681, SD = .143) had higher accuracy 

compared to low variability condition (M = .450, SD = .152) for Caucasian participants, F(1, 95) = 

287.509, p < .001, η2 = .752 and Chinese Malaysian participants (high variability condition: M = .718, SD 

= .156; low variability condition: M = .431, SD = .150), F(1, 94) = 347.484, p < .001, η2 = .787. Chinese 

Malaysian participants and Caucasian participants showed no difference in accuracy in the high 

variability condition, F(1, 189) = 3.049, p = .082, η2 = .016, and the low variability condition, F(1, 189) 

= .741, p = .390, η2 = .004. 

A significant interaction effect between face race and participant race was found, F(1, 189) = 

6.351, p = .013, ηp
2 = .033. Chinese Malaysian participants showed similar accuracy for both Chinese and 

Caucasian stimuli, F(1, 94) = .211, p = .647, η2 = .002, while Caucasian participants showed higher 

accuracy for Caucasian stimuli (M = .594, SD = .145) than Chinese stimuli (M = .537, SD = .149), F(1, 

95) = 17.820, p < .001, η2 = .158. Chinese Malaysian participants and Caucasian participants showed no 

difference in accuracy for Chinese stimuli, F(1, 189) = 2.418, p = .122, η2 = .013, and Caucasian stimuli, 

F(1, 189) = .557, p = .457, η2 = .003. 
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No interaction effect of variability and face race was found, F(1, 189) = .835, p = .362, ηp
2 = .004. 

A significant interaction was found between variability, face race and participant race, F(1, 189) = 4.986, 

p = .027, ηp
2 = .026. To further explore this three-way interaction, we ran a 2 (variability: high vs. low) × 

2 (face race: Chinese vs. Caucasian) ANOVA for Chinese Malaysian participants and Caucasian 

participants separately. For Caucasian participants, we found a significant main effect of variability, F(1, 

95) = 287.509, p < .001, ηp
2 = .752, where high variability condition (M = .681, SD = .172) had higher 

accuracy compared to low variability condition (M = .45, SD = .18). Analysis also revealed a significant 

main effect of face race, F(1, 95) = 17.82, p < .001, ηp
2 = .158, where Caucasian stimuli (M = .594, SD 

= .208) had higher accuracy compared to Chinese stimuli (M = .537, SD = .21). No interaction effect of 

variability and face race was found, F(1, 95) = .902, p = .345, ηp
2 = .009.  

For Chinese Malaysian participants, we found a significant main effect of variability, F(1, 94) = 

347.484, p < .001, ηp
2 = .787, where high variability condition (M = .718, SD = .181) had higher accuracy 

compared to low variability condition (M = .431, SD = .183). No main effect of face race was found, F(1, 

94) = .211, p = .647, ηp
2 = .002. Analysis reveal a significant interaction effect of variability and face 

race, F(1, 94) = 4.776, p = .031, ηp
2 = .048. Simple main effects analysis revealed that Chinese Malaysian 

participants showed no difference between Chinese stimuli (M = .730, SD = .170) and Caucasian stimuli 

(M = .707, SD = .191) in high variability condition, F(1, 94) = 1.548, p = .217, η2 = .016, and in low 

variability condition, F(1, 94) = 3.019, p = .086, η2 = .031 (Chinese stimuli: M = .413, SD = .192; 

Caucasian stimuli: M = .450, SD = .173). Additionally, Chinese Malaysian participants showed higher 

accuracy for the high variability condition (M = .730, SD = .170) compared to the low variability 

condition (M = .413, SD = .192) for Chinese stimuli, F(1, 94) = 292.434, p < .001, η2 = .757, and 

Caucasian stimuli (high variability: M = .707, SD = .450; low variability: M = .450, SD = .173), F(1, 94) 

= 128.146, p < .001, η2 = .577. 

We also ran a 2 (variability: high vs. low) × 2 (participant race: Chinese vs. Caucasian) ANOVA 

for Chinese stimuli and Caucasian stimuli separately. In terms of Chinese stimuli, we found a significant 

main effect of variability, F(1, 190) = 379.043, p < .001, ηp
2 = .667, where the high variability condition 
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(M = .688, SD = .178) had higher accuracy compared to the low variability condition (M = .420, SD 

= .186). Analysis also revealed no significant main effect of participant race, F(1, 189) = 2.418, p = .122, 

ηp
2 = .013. A significant interaction effect of variability and participant race was found, F(1, 189) = 

13.107, p < .001, ηp
2 = .065. 

Simple main effects analysis revealed that in terms of Chinese stimuli, Chinese Malaysian 

participants showed higher accuracy (M = .730, SD = .170) compared to Caucasian participants (M 

= .646, SD = .177) in the high variability condition, F(1, 189) = 11.246, p < .001, η2 = .056. No difference 

was found between Chinese Malaysian participants and Caucasian participants in the low variability 

condition, F(1, 189) = .320, p = .572, η2 = .002. Additionally, higher accuracy was found for the high 

variability condition (M = .730, SD = .170) compared to the low variability condition (M = .413, SD 

= .192) for Chinese Malaysian participants, F(1, 94) = 292.434, p < .001, η2 = .757, and Caucasian 

participants, F(1, 95) = 115.589, p < .001, η2 = .549 (high variability: M = .646, SD = .177; low 

variability: M = .428, SD = .182) in terms of Chinese stimuli. 

In terms of Caucasian stimuli, we found a significant main effect of variability, F(1, 189) = 

301.479, p < .001, ηp
2 = .615, where the high variability condition (M = .711, SD = .176) had higher 

accuracy compared to the low variability condition (M = .461, SD = .175). Analysis revealed no 

significant main effect of participant race, F(1, 189) = .557, p = .457, ηp
2 = .003. No significant 

interaction effect of variability and participant race was found, F(1, 189) = .220, p = .640, ηp
2 = 001. 

We also ran a 2 (face race: Chinese vs. Caucasian) × 2 (participant race: Chinese vs. Caucasian) 

ANOVA for high variability and low variability conditions separately. In terms of the high variability 

condition, we found no significant main effect of face race, F(1, 189) = 3.016, p = .084, ηp
2 = .016, and 

participant race, F(1, 189) = 3.049, p = .082, ηp
2 = .016. A significant interaction effect of face race and 

participant race was found, F(1, 189) = 12.370, p < .001, ηp
2 = .061. 

Simple main effects analysis revealed that in the high variability condition, Chinese Malaysian 

participants showed higher accuracy (M = .730, SD = .170) compared to Caucasian participants (M = 646, 

SD = .177) for Chinese stimuli, F(1, 189) = 11.246, p < .001, η2 = .056. In terms of Caucasian stimuli, no 
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difference in accuracy was found between Chinese Malaysian participants and Caucasian participants, 

F(1, 189) = .121, p = .728, η2 = 6.418e - 4. Additionally, no difference in accuracy was found between 

Chinese stimuli and Caucasian stimuli for Chinese Malaysian participants, F(1, 94) = 1.548, p = .217, η2 

= .016. For Caucasian participants, it was found that Chinese stimuli (M = .646, SD = .177) had lower 

accuracy compared to Caucasian stimuli (M = .715, SD = .160), F(1, 95) = 14.135, p < .001, η2 = .130, in 

the high variability condition. 

In terms of the low variability condition, we found a significant main effect of face race, F(1, 

189) = 7.924, p = .005, ηp
2 = .040, where Chinese stimuli (M = .420, SD = .186) had lower accuracy 

compared to Caucasian stimuli (M = .461, SD = .175). Analysis revealed no significant main effect of 

participant race, F(1, 189) = .741, p = .390, ηp
2 = .004, and no significant interaction effect of face race 

and participant race, F(1, 189) = .061, p = .806, ηp
2 = 3.216e - 4. 

 

Reaction time 

A 2 (variability: high vs. low) × 2 (face race: Chinese vs. Caucasian) × 2 (participant race: 

Chinese Malaysian vs. Caucasian) mixed ANOVA was conducted on the median reaction time for correct 

trials (Figure 4.3). The analysis revealed a significant main effect of variability on reaction time, F(1, 

188) = 60.569, p < .001, ηp
2 = .244. Reaction time for high variability condition (M = 931.804ms, SD = 

321.632ms) was shorter compared to the low variability condition (M = 1120.741ms, SD = 604.628ms). 

No main effect of face race, F(1, 188) = .051, p = .822, ηp
2 = 2.694e - 4, and participant race, F(1, 188) 

= .395, p = .530, ηp
2 = .002, was found. 

Results showed a significant interaction effect of variability and participant race, F(1, 188) = 

5.721, p = .018, ηp
2 = .030. High variability condition (M = 942.414ms, SD = 369.404ms) had shorter 

reaction time compared to low variability condition (M = 1074.099ms, SD = 543.513ms) for Caucasian 

participants, F(1, 95) = 26.460, p < .001, η2 = .218, and Chinese Malaysian participants (high variability 

condition: M = 921.082ms, SD = 223.311ms; low variability condition: M = 1167.513ms, SD = 

507.503ms), F(1, 94) = 35.269, p < .001, η2 = .273. Chinese Malaysian participants and Caucasian 
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participants showed no difference in reaction time in the high variability condition, F(1, 189) = .233, p 

= .630, η2 = .001, and the low variability condition, F(1, 189) = 1.506, p = .221, η2 = .008. 

Analysis revealed no interaction effect of face race and participant race, F(1, 188) = 8.122e - 4, p 

= .977, ηp
2 = 4.320e - 6. No interaction effect was found between variability and face race, F(1, 188) 

= .001, p = .974, ηp
2 = 5.631e - 6, and between variability, face race and participant race, F(1, 188) 

= .079, p = .779, ηp
2 = 4.216e - 4. 

 

Efficiency 

A 2 (variability: high vs. low) × 2 (face race: Chinese vs. Caucasian) × 2 (participant race: 

Chinese Malaysian vs. Caucasian) mixed ANOVA was conducted on efficiency calculated by RCS 

(Figure 4.3). The analysis revealed a significant main effect of variability, F(1, 189) = 524.991, p < .001, 

ηp
2 = .735. Efficiency for high variability condition (M = .668, SD = .248) was higher compared to the 

low variability condition (M = .381, SD = .188). No main effect of face race, F(1, 189) = 3.862, p = .051, 

ηp
2 = .020, and participant race, F(1, 189) = 1.080, p = .300, ηp

2 = .006, was found. 

Results showed a significant interaction effect of variability and participant race, F(1, 189) = 

5.420, p = .021, ηp
2 = .028. High variability condition (M = .666, SD = .209) had higher efficiency 

compared to low variability condition (M = .408, SD = .163) for Caucasian participants, F(1, 95) = 

248.565, p < .001, η2 = .723, and Chinese Malaysian participants (high variability condition: M = .670, 

SD = .221; low variability condition: M = .353, SD = .152), F(1, 94) = 276.833, p < .001, η2 = .747. 

Chinese Malaysian participants and Caucasian participants showed no difference in efficiency in the high 

variability condition, F(1, 189) = .017, p = .897, η2 = 8.923e – 5. In the low variability condition, 

Caucasian participants (M = .408, SD = .163) showed higher efficiency compared to Chinese Malaysian 

participants (M = .353, SD = .152), F(1, 189) = 5.692, p = .018, η2 = .029. 

Analysis revealed no interaction effect of face race and participant race, F(1, 189) = 2.128, p 

= .146, ηp
2 = .011. No interaction effect was found between variability and face race, F(1, 189) = 1.547, p 
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= .215, ηp
2 = .008, and between variability, face race and participant race, F(1, 189) = 3.359, p = .068, ηp

2 

= .017. 

 

D-prime 

A 2 (variability: high vs. low) × 2 (face race: Chinese vs. Caucasian) × 2 (participant race: 

Chinese Malaysian vs. Caucasian) mixed ANOVA was conducted on d-prime (d’) (Figure 4.3). The 

analysis revealed a significant main effect of variability on d’, F(1, 189) = 540.223, p < .001, ηp
2 = .741. 

D’ for the high variability condition (M = 1.470, SD = .761) was higher compared to the low variability 

condition (M = .731, SD = .605). The analysis also revealed a significant main effect of face race, F(1, 

189) = 17.028, p = < .001, ηp
2 = .083, where Caucasian stimuli (M = 1.191, SD = .791) had higher d’ 

compared to Chinese stimuli (M = 1.011, SD = .760). No effect of participant race was found, F(1, 189) = 

1.353, p = .246, ηp
2 = .007. 

Results showed a significant interaction effect between variability and participant race, F(1, 189) 

= 7.976, p = .005, ηp
2 = .040. High variability condition (M = 1.384, SD = .607) had higher d’ compared 

to low variability condition (M = .734, SD = .502) for Caucasian participants, F(1, 95) = 253.052, p 

< .001, η2 = .727 and Chinese Malaysian participants (high variability condition: M = 1.558, SD = .613; 

low variability condition: M = .728, SD = .436), F(1, 94) = 287.950, p < .001, η2 = .754. Chinese 

Malaysian participants and Caucasian participants showed no difference in d’ in the high variability 

condition, F(1, 189) = 3.872, p = .051, η2 = .020, and the low variability condition F(1, 189) = .008, p 

= .930, η2 = 4.10e - 5. 

A significant interaction effect between face race and participant race was found, F(1, 189) = 

83.901, p < .001, ηp
2 = .307. Chinese Malaysian participants showed higher d’ for Chinese stimuli (M = 

1.252, SD = .582) than Caucasian stimuli (M = 1.034, SD = .531), F(1, 94) = 13.313, p < .001, η2 = .124. 

In contrast, Caucasian participants showed higher d’ for Caucasian stimuli (M = 1.346, SD = .695) than 

Chinese stimuli (M = .772, SD = .494), F(1, 95) = 84.264, p < .001, η2 = .470. Chinese Malaysian 

participants (M = 1.252, SD = .582) showed higher d’ compared to Caucasian participants (M = .772, SD 
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= .494) in terms of Chinese stimuli, F(1, 189) = 37.734, p < .001, η2 = .166. In contrast, Caucasian 

participants (M = 1.346, SD = .695) showed higher d’ compared to Chinese Malaysian participants (M = 

1.034, SD = .531) in terms of Caucasian stimuli, F(1, 189) = 12.121, p < .001, η2 = .060. No interaction 

effect of variability and face race was found, F(1, 189) = .608, p = .436, ηp
2 = .003. 

A significant interaction was found between variability, face race and participant race, F(1, 189) 

= 7.108, p = .008, ηp
2 = .036. To further explore this three-way interaction, we ran a 2 (variability: high 

vs. low) × 2 (face race: Chinese vs. Caucasian) ANOVA for Chinese Malaysian participants and 

Caucasian participants separately. For Caucasian participants, we found a significant main effect of 

variability, F(1, 95) = 253.052, p < .001, ηp
2 = .727, where the high variability condition (M = 1.384, SD 

= .607) had a higher d’ compared to the low variability condition (M = .734, SD = .502). Analysis also 

revealed a significant main effect of face race, F(1, 95) = 84.264, p < .001, ηp
2 = .470, where Caucasian 

stimuli (M = 1.346, SD = .695) had higher d’ compared to Chinese stimuli (M = .772, SD = .494). No 

interaction effect of variability and face race was found, F(1, 95) = 1.870, p = .175, ηp
2 = .019.  

For Chinese Malaysian participants, we found a significant main effect of variability, F(1, 94) = 

287.950, p < .001, ηp
2 = .754, where the high variability condition (M = 1.558, SD = .613) had a higher d’ 

compared to the low variability condition (M = .728, SD = .436). A main effect of face race was found, 

F(1, 94) = 13.313, p < .001, ηp
2 = .124, where Chinese stimuli (M = 1.252, SD = .582) had higher d’ 

compared to Caucasian stimuli (M = 1.034, SD = .531). Analysis revealed a significant interaction effect 

of variability and face race, F(1, 94) = 5.656, p = .019, ηp
2 = .057.  

Simple main effects analysis revealed that Chinese Malaysian participants showed higher d’ for 

Chinese stimuli (M = 1.715, SD = .708) compared to Caucasian stimuli (M = 1.401, SD = .730) in the 

high variability condition, F(1, 94) = 16.601, p < .001, η2 = .150, while no difference was found in the 

low variability condition, F(1, 94) = 3.301, p = .072, η2 = .034. Additionally, Chinese Malaysian 

participants showed higher d’ for the high variability condition (M = 1.715, SD = .708) compared to the 

low variability condition (M = .789, SD = .582) for Chinese stimuli, F(1, 94) = 250.078, p < .001, η2 
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= .727, and Caucasian stimuli, F(1, 94) = 116.099, p < .001, η2 = .553 (high variability: M = 1.401, SD 

= .730; low variability: M = .668, SD = .502). 

We also ran a 2 (variability: high vs. low) × 2 (participant race: Chinese vs. Caucasian) ANOVA 

for Chinese stimuli and Caucasian stimuli separately. In terms of Chinese stimuli, we found a significant 

main effect of variability, F(1, 189) = 347.864, p < .001, ηp
2 = .648, where the high variability condition 

(M = 1.391, SD = .738) had a higher d’ compared to the low variability condition (M = .630, SD = .567). 

Analysis also revealed a significant main effect of participant race, F(1, 189) = 37.734, p < .001, ηp
2 

= .166, where Caucasian participants (M = .772, SD = .494) had a lower d’ compared to Chinese 

Malaysian participants (M = 1.252, SD = .582). A significant interaction effect of variability and 

participant race was found, F(1, 189) = 16.212, p < .001, ηp
2 = .079. 

Simple main effects analysis revealed that in terms of Chinese stimuli, Chinese Malaysian 

participants showed higher d’ (M = 1.715, SD = .708) compared to Caucasian participants (M = 1.071, SD 

= .621) in the high variability condition, F(1, 189) = 44.676, p < .001, η2 = .191, and the low variability 

condition, F(1, 189) = 15.930, p < .001, η2 = .078 (Chinese Malaysian participants: M = .789, SD = .582; 

Caucasian participant: M = .474, SD = .508). Additionally, higher d’ was found for the high variability 

condition (M = 1.715, SD = .708) compared to the low variability condition (M = .789, SD = .582) for 

Chinese Malaysian participants, F(1, 94) = 250.078, p < .001, η2 = .727, and Caucasian participants, F(1, 

95) = 109.992, p < .001, η2 = .537 (high variability: M = 1.071, SD = .621; low variability: M = .474, SD 

= .508) in terms of Chinese stimuli. 

In terms of Caucasian stimuli, we found a significant main effect of variability, F(1, 189) = 

268.310, p < .001, ηp
2 = .587, where the high variability condition (M = 1.550, SD = .776) had a higher d’ 

compared to the low variability condition (M = .832, SD = .627). Analysis also revealed a significant 

main effect of participant race, F(1, 189) = 12.121, p < .001, ηp
2 = .060, where Caucasian participants (M 

= 1.346, SD = .695) had a higher d’ compared to Chinese Malaysian participants (M = 1.034, SD = .531). 

No significant interaction effect of variability and participant race was found, F(1, 189) = .123, p = .726, 

ηp
2 = 6.502e - 4. 
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We also ran a 2 (face race: Chinese vs. Caucasian) × 2 (participant race: Chinese vs. Caucasian) 

ANOVA for the high variability and the low variability conditions separately. In terms of the high 

variability condition, we found a significant main effect of face race, F(1, 189) = 8.306, p = .004, ηp
2 

= .042, where Chinese stimuli (M = 1.391, SD = .738) had lower d’ compared to Caucasian stimuli (M = 

1.550, SD = .776). Analysis revealed no significant main effect of participant race, F(1, 189) = 3.872, p 

= .051, ηp
2 = .020. A significant interaction effect of face race and participant race was found, F(1, 189) = 

74.979, p < .001, ηp
2 = .284. 

Simple main effects analysis revealed that in the high variability condition, Chinese Malaysian 

participants showed a higher d’ (M = 1.715, SD = .708) compared to Caucasian participants (M = 1.071, 

SD = .621) for Chinese stimuli, F(1, 189) = 44.676, p < .001, η2 = .191. In terms of Caucasian stimuli, a 

lower d’ was found for Chinese Malaysian participants (M = 1.401, SD = .730) compared to Caucasian 

participants (M = 1.697, SD = .795), F(1, 189) = 7.211, p = .008, η2 = .037. Additionally, higher d’ was 

found for Chinese stimuli (M = 1.715, SD = .708) compared to Caucasian stimuli (M = 1.401, SD = .730) 

for Chinese Malaysian participants, F(1, 94) = 16.601, p < .001, η2 = .150. For Caucasian participants, it 

was found that Chinese stimuli (M = 1.071, SD = .621) had lower d’ compared to Caucasian stimuli (M = 

1.697, SD = .795), F(1, 95) = 66.944, p < .001, η2 = .413, in the high variability condition. 

In terms of the low variability condition, we found a significant main effect of face race, F(1, 

189) = 17.071, p < .001, ηp
2 = .083, where Chinese stimuli (M = .630, SD = .567) had lower d’ compared 

to Caucasian stimuli (M = .832, SD = .627). Analysis revealed no significant main effect of participant 

race, F(1, 189) = .008, p = .930, ηp
2 = 4.10e - 5. A significant interaction effect of face race and 

participant race was found, F(1, 189) = 44.023, p < .001, ηp
2 = .189. 

Simple main effects analysis revealed that in the low variability condition, Chinese Malaysian 

participants showed higher d’ (M = .789, SD = .582) compared to Caucasian participants (M = .474, SD 

= .508) for Chinese stimuli, F(1, 189) = 15.930, p < .001, η2 = .078. In terms of Caucasian stimuli, lower 

d’ was found for Chinese Malaysian participants (M = .668, SD = .502) compared to Caucasian 

participants (M = .995, SD = .694), F(1, 189) = 13.923, p < .001, η2 = .069. Additionally, no difference in 
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d’ was found between Chinese stimuli and Caucasian stimuli for Chinese Malaysian participants, F(1, 94) 

= 3.301, p = .072, η2 = .034. For Caucasian participants, it was found that Chinese stimuli (M = .474, SD 

= .508) had lower d’ compared to Caucasian stimuli (M = .995, SD = .694), F(1, 95) = 55.219, p < .001, 

η2 = .368, in the low variability condition. 

 

Figure 4.3 

Accuracy, median reaction time for correct trials, efficiency and d prime plotted separately for Caucasian 

and Chinese Malaysian participants in Experiment 4b. 

 

Note. Error bars represent 95% confidence intervals. 



TDCS AND COGNITIVE TRAINING IN FACE RECOGNITION - 144 

 

 

4.2.3 Discussion 

Similar to Experiment 4a, our results showed that participants performed better in terms of 

accuracy, reaction time, efficiency and d’ for identities learned in the high variability condition compared 

to the identities learned in low variability condition. Our results also showed that while Caucasian 

participants showed the expected ORE for Chinese faces (i.e., higher accuracy for Caucasian stimuli 

compared to Chinese stimuli), Chinese Malaysian participants showed no ORE for Caucasian faces in 

terms of accuracy scores (i.e., similar accuracy for Caucasian stimuli and Chinese stimuli). However, 

Chinese Malaysian participants exhibited an ORE for Caucasian faces in the d’ measure (i.e., higher d’ 

for Chinese stimuli compared to Caucasian stimuli). Interestingly, this ORE was only observed in the 

high variability condition and was not evident in the low variability condition. The contrasting results 

between accuracy and d’ measure could potentially be attributed to the fact that accuracy solely 

encompasses old trials (faces that were previously learned), whereas d' encompasses both old and new 

trials (faces that were novel). This suggests that the ORE in Chinese Malaysian participants may be more 

pronounced when they are making decisions to reject faces (i.e., indicating that a face was not seen 

before) as opposed to confirming familiarity (i.e., acknowledging that a face was previously learnt). In 

line with this, a comparison of hit rates (in the high variability condition) and correct rejections for 

Chinese and Caucasian stimuli among Chinese Malaysian participants revealed similar hit rates for both 

stimulus types. However, higher correct rejections were observed for Chinese stimuli compared to 

Caucasian stimuli (see Appendix H). Despite these findings, the precise reasons behind the presence of 

the ORE in Chinese Malaysian participants exclusively in the high variability condition and its absence in 

the low variability condition remain unclear.  

In contrast to Caucasian participants, who consistently demonstrated the ORE across various 

measures (accuracy and d') and conditions (high and low variability), Chinese Malaysian participants 

exhibited inconsistent ORE patterns across different measures and conditions. This may be due to the 

high exposure of Western culture in Malaysia as evident from the preference of Hollywood films over 



TDCS AND COGNITIVE TRAINING IN FACE RECOGNITION - 145 

 

local films in Malaysia (Kit & Chuan, 2012; Sriganeshvarun & Abdul Aziz, 2019). This is in line with the 

contact hypothesis, where we tend to develop a higher level of perceptual expertise for faces that are more 

often seen in our everyday lives (Rossion & Michel, 2011). Viewing Hollywood films may have 

increased Chinese Malaysian participants' perceptual expertise for Caucasian faces, which in turn reduced 

the ORE for Caucasian faces. However, it is important to note that while some studies propose that 

exposure and the magnitude of the ORE are not associated (Wong et al., 2020), others have identified a 

reduction in the ORE with increased exposure (Estudillo et al., 2020). Furthermore, the high rate of 

bilinguals and multilinguals in Malaysia could also potentially reduce the ORE (Burns, Tree, et al., 2019; 

Kandel et al., 2016).  

Hence, we mainly focus on the Caucasian participants to examine if other-race identities (i.e., 

Chinese) learned in high variability condition had better recognition compared to the identities learned in 

low variability condition. Based on our results for Caucasian participants, other-race identities learned in 

high variability condition had higher accuracy compared to low variability condition. This demonstrates 

that identities learned in high variability conditions benefitted both own- and other-race face learning. 

 

4.3 General discussion 

We aimed to examine the effect of high and low within-person variability exposure for own- and 

other-race face learning. Own- and other-race identities were learned in high and low variability 

conditions and identity recognition were tested using a name verification task in Experiment 4a and an 

old-new recognition paradigm in Experiment 4b.  

We found enhanced own-race face learning for identities learned in high variability condition 

compared to low variability condition across Experiment 4a and Experiment 4b. This finding is in line 

with previous work which found that multiple exposure to own-race faces in high within-person 

variability stimuli sets is more advantageous for identity learning as compared to low within-person 

variability, as demonstrated in a face matching task (Menon et al., 2015; Ritchie & Burton, 2017), name 

verification task (Ritchie & Burton, 2017) and identity-sorting task (Baker et al., 2017).  
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To examine if identities learned in a high variability condition enhanced other-race face learning 

compared to the identities learned in a low variability condition, we mainly examined Caucasian 

participants as Chinese Malaysian participants exhibited inconsistent ORE patterns for Caucasian faces 

across different measures and conditions across Experiment 4a and Experiment 4b. In Experiment 4a, we 

found no difference in performance of other-race face learning for identities learned in the high variability 

condition and low variability condition. However, we implemented a name verification task in 

Experiment 4a, which required participants to precisely memorize the name and the face in order to 

perform accurately during the testing phase. While Chinese participants may be familiar with Caucasian 

names (Kit & Chuan, 2012; Sriganeshvarun & Abdul Aziz, 2019), Caucasian participants may be 

unfamiliar with Chinese names which could deter face and name matching accuracy for the Chinese 

identities. This is demonstrated by the high percentage of Caucasian participants who entered the names 

inaccurately during the learning stage: 33 of the 41 participants who did so were Caucasian participants, 

whereas the remaining eight were Chinese Malaysian participants.  

In Experiment 4b, the face-name association was removed in the testing phase by employing an 

old-new recognition paradigm. Experiment 4b revealed that identities learned in the high variability 

condition benefitted other-race face learning in comparison to low variability condition. While it has been 

demonstrated that exposures to identities with within-person variability can improve other-race face 

recognition compared to a single image of identities (Cavazos et al., 2019; Matthews & Mondloch, 2018), 

our findings indicate that identities learned in high variability condition could further improve other-race 

face recognition compared to identities learned in low variability condition. This suggests that different 

levels of variation during multiple exposure to other-race faces could affect identity learning, where 

higher variation of faces would lead to improved other-race face learning.  

Our findings revealed that even though there were consistent changes in external features in the 

high variability condition, and previous research suggests that external features are typically prioritized 

when processing other-race faces (Havard, 2021; Sporer & Horry, 2011; Wong et al., 2020), participants 

in our study were able to focus on internal features of other-race faces in the high variability condition. 
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This resulted in detailed encoding of internal features and enhanced learning of other-race faces. While 

previous research has suggested that external features are prioritized when presented with stable face 

appearances (Devue et al., 2021; Reedy & Devue, 2019), this did not benefit other-race face learning in 

the low variability condition compared to the high variability condition. Altogether, this suggests that the 

identities learned in high variability condition may only benefit other-race face recognition but not the 

association of other-race faces and names. 

However, our study is subject to several limitations. First, we did not incorporate an eye-tracking 

task to validate participants' attention to specific facial features, whether internal or external. Second, the 

stimuli comprising Caucasian faces requested from Ritchie and Burton (2017) and additional stimuli 

generated for this experiment were not controlled for levels of variability across faces. Thus, it is possible 

that the identities employed in our experiment exhibit varying degrees of variability in the high variability 

condition. These limitations underscore the need for future research to address these factors and enhance 

the robustness of our findings. 

In sum, we found enhanced own-race face learning for identities learned in a high variability 

condition compared to a low variability condition. Our results revealed that identities learned in high 

variability condition benefit only other-race face recognition, but not face-name association of other-race 

face as compared to identities learned in low variability condition. This suggests that high within-person 

variation during multiple exposure to faces could lead to detailed encoding of internal features which 

refined the resolution of the representation not only for own-race faces but also for other-race faces.  
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Chapter 5 – Face learning in high and low variability 

for prosopagnosia 

Having observed the positive effects of the image variability training on both own- and other-race 

face learning, we then proceed to examine the potential application of this training for prosopagnosia 

rehabilitation in Chapter 5. Prosopagnosia, also known as face blindness, is a condition characterized by 

severe deficits in face recognition despite intact visual acuity and intelligence (McConachie, 1976; 

Rossion, 2014). Acquired prosopagnosia is defined as individuals that experience loss of face recognition 

ability following brain injury (Barton, 2008; Davies-Thompson et al., 2014) whereas developmental 

prosopagnosia, also known as congenital prosopagnosia is defined as individuals that experience failure in 

development of face recognition ability despite having no apparent brain injury (Brunsdon et al., 2006; 

Cook & Biotti, 2016; Palermo et al., 2011). The prevalence of developmental prosopagnosia was 

estimated to be up to 5.42% for adults (DeGutis et al., 2023; Kennerknecht et al., 2006, 2008) and 5.2% 

for children (Bennetts et al., 2017). Individuals with prosopagnosia typically recognize someone based on 

their hairstyle, clothing, voice or gait which could be mentally draining (Adams et al., 2020; Cook & 

Biotti, 2016). In addition, this identification method does not always work, for instance, changes in 

appearances (e.g., hairstyle) could lead to failure in recognizing a familiar face. Failure in face 

recognition could lead to devastating social consequences such as high anxiety and fear of social 

situation, limited employment opportunities and lowered levels of self-confidence (Dalrymple, Fletcher, 

et al., 2014; Yardley et al., 2008).  Thus, it is crucial to investigate potential rehabilitation methods for 

prosopagnosia. 

Neuropsychological rehabilitation can be classified into two main types: remedial and 

compensatory (Wilson, 2003). In the rehabilitation of prosopagnosia, both of these approaches have been 

applied (Bate & Bennetts, 2014). Remedial strategy focuses on improving the normal face recognition 
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mechanisms (i.e., holistic processing) whereas compensatory strategy focuses on developing a 

compensatory mechanism for face recognition (i.e., facial feature comparison).  

In an earlier work, remedial training was given to a prosopagnosic child patient, KD, over a 

period of 18 months such as photograph matching of familiar and unfamiliar faces and paired 

discrimination of computer generated schematic faces and images of real faces (Ellis & Young, 1988). 

The training was ineffective as none of the training tasks improved KD’s face recognition ability. 

Conversely, another study found that face matching training was effective in improving face perception, 

even for untrained faces (Bate et al., 2015). The patient also observed the internal facial features (e.g., 

eyes) more often after the training. This is important because prosopagnosics are often impaired with 

processing of the internal facial features (Bobak et al., 2017), especially the eyes (DeGutis et al., 2012; 

Fisher et al., 2016). Additionally, training that involves discrimination of faces that vary in terms of 

feature size or spacing has been shown to enhance face memory but not face perception, and this 

enhancement persisted for a duration of two weeks (Bate et al., 2022) and one month (Bate et al., 2020) 

following the training session. Successful attempts have also been reported using training that involves 

discriminating variations in whole faces across multiple expressions and viewpoints, with difficulty levels 

gradually adjusted for subsequent trials (Corrow et al., 2019; Davies-Thompson et al., 2017). The training 

resulted in improved perceptual sensitivity towards faces, which extended to novel expressions and 

viewpoints of the trained faces. Additionally, the effect of the training was generalized to novel faces, and 

the enhancement persisted for three months. 

Furthermore, holistic face processing training which involves categorization of faces by spatial 

configuration (i.e., distance between the nose and mouth) over a period of 14 months was successful in 

improving the prosopagnosic patient MZ’s face recognition ability (DeGutis et al., 2007). MZ self-

reported being better at face recognition, and the benefits of the training were generalized to other face 

recognition tests as well, such as the Cambridge Face Memory Test (CFMT) and the Benton Facial 

Recognition Test. However, MZ later reported that improvement from the training declined after several 

weeks without training, but the retraining process took fewer trials when compared to the original 
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training. In a later study, a similar training method involving face spatial configuration was used in an 

eight-hour face training (spanned over three weeks) for 24 prosopagnosic patients (DeGutis et al., 2014). 

Improvements in tasks related to holistic processing and front-view face matching were found, but not for 

tasks that present faces at different viewing angles. This suggests that the benefit of the training was not 

extended to recognizing faces when presented from different angles. Although both studies mentioned 

administered similar methods in their training, the duration of training was evidently different (14 months 

vs. 3 weeks) which could explain why patient MZ in the 14-month study was able to generalize the 

benefits to CFMT, which presents faces with different viewing angles, but not the prosopagnosics in the 

three-week study.  

Successful attempts have also been made for the rehabilitation of prosopagnosia using 

compensatory strategies (Brunsdon et al., 2006; Schmalzl et al., 2008). In one study, prosopagnosic child 

AL was trained to memorize family members by using age, gender and three prominent features of the 

face such as size of nostril, freckles and shape of eyebrow (Brunsdon et al., 2006). AL showed and 

reported improvements in recognizing the trained faces, but the improvement did not extend to faces that 

were untrained. Using the same training method as Brunsdon et al. (2006), improvement was found in 

recognizing trained faces in a prosopagnosic child, K (Schmalzl et al., 2008). More importantly, K spent 

more time observing the internal features of the face after training and this viewing strategy was applied 

to untrained faces as well. This suggested that after training, K more often utilized internal facial features 

(e.g., eyes) and showed less reliance on external features (e.g., hair) for face recognition similar to 

neurotypicals. In a different study, prosopagnosic patient WJ showed improvement in face recognition 

with facial feature description training where statements about specific features of the target face were 

provided (e.g., “This is Tracy. She has a large forehead and small eyes.”). (Powell et al., 2008). Overall, 

these studies demonstrated that compensatory strategies, specifically feature-by-feature recognition 

training, were beneficial for rehabilitation for prosopagnosia.  

However, there may be some limitations to using a compensatory strategy. For instance, a 

prosopagnosic patient, NE, was trained to recognize faces using a mnemonic method where the name of 
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the person was linked to an object that was phonemically similar in an image, and a prominent facial 

feature and semantic information were integrated into the same image (e.g., “Carol the doctor” would be 

memorized as a snowman with large lips (the selected prominent facial feature) singing carols (name of 

face) with a stethoscope around the neck (semantic information)) (Francis et al., 2002). Although NE 

showed improvement in the face recognition tasks after training, the deficits in face recognition remained 

in her daily life. She reported this as a case of competing demands, where she is trying to use the 

mnemonic method which is a highly contrived method for recognizing and identifying new faces while 

coping with her more general memory issues such as remembering new routes. Hence, when compared 

with the benefits from compensatory strategy, the benefits from remedial strategy may be more easily 

applied in real life as it enhance the normal automatic behavior of recognizing faces. 

In sum, there have been successful attempts to use training for the rehabilitation of 

prosopagnosia, although there were some drawbacks to the training, such as the long duration of the 

training period. However, it is important to note that the effectiveness of training could differ for every 

prosopagnosic patient. Factors such as the type of prosopagnosia (i.e., acquired vs. developmental), age, 

severity (size and location) and impact of the lesion could affect the success rate of the types of face 

training administered (Bate & Bennetts, 2014). For instance, while patient RJ showed improvement after 

semantic association (presenting face along with a name and fictitious information) training but not facial 

feature comparison training (Polster & Rapcsak, 1996), patient WJ demonstrated the opposite effect 

where improvements were found after facial feature comparison training but not semantic association 

training (Powell et al., 2008). Based on these findings, it could be concluded that prosopagnosia is a 

heterogeneous condition and that cognitive training should be individually tailored for each 

prosopagnosic patient to address their specific area of deficit. 

Previous research have shown that face learning could be enhanced by presenting multiple 

exposures of an identity (Andrews et al., 2015; Dowsett et al., 2016; Matthews & Mondloch, 2018; 

Menon et al., 2015; Mileva & Burton, 2019; White, Burton, et al., 2014). For example, presenting two 

images of an identity has been shown to increase face matching accuracy compared to when only one 
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image was available (Menon et al., 2015; White, Burton, et al., 2014). Presenting multiple images of a 

target identity has also been shown to increase accuracy in recognition of the target in a surveillance 

video footage (Mileva & Burton, 2019). These studies demonstrate that multiple exposures of a face 

could enhance learning and recognition of a new identity. Apart from that, different levels of variation 

during multiple exposure of an identity could affect identity learning (Baker et al., 2017; Menon et al., 

2015; Ritchie & Burton, 2017). For instance, face matching accuracy was higher when multiple exposure 

of a face was in high variability condition (i.e., photos taken on different days which were highly 

dissimilar) compared to low variability condition (i.e., photos taken on the same day which were highly 

similar) (Menon et al., 2015). In line with this, a different study has reported higher accuracy in a name 

verification task and a face matching task when unfamiliar identities were learned in high variability 

condition compared to low variability condition (Ritchie & Burton, 2017). Taken together, it could be 

concluded that multiple exposures of a face, especially in high variation could improve learning of a new 

identity. 

Recently, a cost-effective mechanism for face learning have been proposed (Devue et al., 2021; 

Reedy & Devue, 2019), suggesting that external features are prioritized when presented with stable face 

appearance (i.e., low variability), while detailed encoding of internal features occurs when there is 

variability in face appearance (i.e., high variability). Previous studies have shown that individuals with 

prosopagnosia tend to adopt a different face viewing strategies than neurotypical individuals (Bobak et 

al., 2017; DeGutis et al., 2012; Fisher et al., 2016). While neurotypical individuals tend to focus on the 

eyes and mouth regions for successful face recognition (Tardif et al., 2019), prosopagnosics spend less 

time observing these internal regions (i.e., eyes, nose, and mouth) (Bobak et al., 2017) and exhibit 

impairments in processing the eyes (DeGutis et al., 2012; Fisher et al., 2016). Individuals with 

prosopagnosia also often rely on non-facial cues such as voice, gait, clothing, or external features (e.g., 

hairstyle) for person identification (Adams et al., 2020; Cook & Biotti, 2016). Hence, it is plausible that 

individuals with prosopagnosia may benefit more from low within-person variability exposure (i.e., stable 

face appearance) in face learning compared to high within-person variability, as the latter involves 
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consistent changes in external features, which may hinder face learning for individuals with 

prosopagnosia if they rely mainly on external features of the face. 

 

5.1 Experiment 5 

In the current study, we aim to explore if multiple high variability face exposure could enhance 

face identification compared to low variability face exposure for individuals with suspected 

developmental prosopagnosia (DP). Suspected DPs and neurotypical participants will be presented with 

faces with names during the learning stage and tested using a name verification task. Based on previous 

studies (Baker et al., 2017; Menon et al., 2015; Ritchie & Burton, 2017), we expect enhanced face 

learning for identities learned in high variability condition compared to low variability condition for 

neurotypical participants. For suspected DPs, we expect that enhanced face learning would occur for 

identities learned in low variability condition than high variability condition if they focus mainly on 

external features for face recognition. In contrast, if suspected DPs could successfully focus on internal 

features when presented with high within-person variability, we expect enhanced learning would occur 

for identities learned in high variability condition than low variability condition, as detailed encoding of 

internal features occurs when there is variability in face appearance. 

 

5.1.1 Methods 

Design 

A mixed design was used. The within-subject factor was within-person variability (high and low). 

The between-subject factor was participant diagnosis (suspected DPs and neurotypical). The dependent 

variables were the accuracy, reaction times and efficiency in the tasks. Reaction times and accuracy were 

used to calculate the rate-correct score (RCS) (Woltz & 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 
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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 (Vandierendonck, 2017). 

 

Participants 

Purposive sampling method was used to recruit participants. Suspected DPs were recruited by 

posting the study advertisement on Prosopagnosia/Face blindness support/discussion Facebook groups. 

We specified in the study advertisement that we were recruiting individuals with difficulties in face 

recognition or prosopagnosic participants for a face learning study. In total, 23 participants completed 

four neuropsychological tests which consist of the CFMT, CCMT, Cambridge Face Perception Task 

(CFPT) and the Autism Spectrum Quotient - 10 items (AQ-10). Eighteen participants were removed due 

to other-race (one participant), eye condition (i.e., amblyopia) (one participant), high scores on AQ-10 (≥ 

six) indicative of autism spectrum disorder (seven participants), scored above cut-off calculated by 1.7 

standard deviations below the mean on the CFMT (based on mean and standard deviation reported in 

Duchaine and Nakayama (2006)) (nine participants). We used 1.7 standard deviations below the mean 

instead of the usual 2.0 standard deviation below the mean as cut-off as in previous works (DeGutis et al., 

2012, 2014; Palermo et al., 2017; Tardif et al., 2019) to be more inclusive as some people report severe 

prosopagnosia symptoms while scoring close to the normal range on the CFMT. Additionally, given that 

other researchers have often advertised their study that recruits prosopagnosics in the Facebook groups, 

participants may have completed the CFMT more than once. In total, five Caucasian (four females and 

one male) suspected DPs were recruited. Suspected DPs’ ages ranged from 49 to 64 years (M = 55.2 

years, SD = 6.54 years). The details of the participants are in Table 5.1. Although CFPT scores were not 

lower than 1.7 standard deviations below the mean for four participants, prosopagnosics who are unable 

to recognize faces only on memory tests seem to be relatively common (DeGutis et al., 2012, 2014; Y. 

Lee et al., 2010; McKone et al., 2011; Palermo et al., 2011, 2017). 

We also recruited 16 age-matched neurotypical participants. One participant was removed as his 

CFMT score was below cut-off (calculated by 1.7 standard deviations below the mean), one participant 
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was removed due to high scores on AQ-10 (≥ six) indicative of autism spectrum disorder, two 

participants were removed due to below chance accuracy level on the experimental task (less than 50%). 

The ages were matched based on Germine et al. (2011) where ages were grouped as 35-59 years and 60 

years and above. Five female participants aged between 35-59 years and seven participants (six female 

and one male) aged 60 years and above were recruited. Neurotypical participants age ranged between 37 

to 68 years (M = 56.08 years, SD = 11.12 years). Independent samples t-test revealed no difference 

between neurotypical participants and suspected DPs in age, t(15) = .164, p = .872. The study has been 

reviewed and approved by the Science and Engineering Research Ethics Committee (SEREC) in the 

University of Nottingham Malaysia (approval code: KSK040321). 

 

Table 5.1 

Demographic information and raw scores for the suspected developmental prosopagnosics for CFMT, 

CFPT and CCMT with z scores in parentheses. 

Age (years) Gender CFMT CFPT (upright) CCMT 

49 F 44 (−1.76) 42 (−0.43) 59 (0.70) 

50 F 35 (−2.90) 44 (−0.60) 44 (−1.10) 

53 F 44 (−1.76) 52 (−1.25) 44 (−1.10) 

60 F 36 (−2.77) 38 (−0.11) 45 (−0.98) 

64 M 39 (−2.39) 76 (−3.22) 54 (0.10) 

Note. CFMT = Cambridge Face Memory Test, CFPT = Cambridge Face Perception Test and CCMT = 

Cambridge Car Memory Test. M = male and F = female. 

 

Apparatus and Materials 

The stimuli used in the face learning task were identical to those in Ritchie and Burton (2017) 

which were kindly provided by the authors. Ten identities (five males and five females) which consisted 

of Australian celebrities (radio host, comedian, etc.) were used, so participants recruited in this 
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experiment should not be familiar with any of the identities shown in the task. In total, there were 20 high 

variability images and 10 low variability images for each identity. The high variability images differed in 

terms of person (hairstyle, age, clothing, facial expression, etc.) and conditions (background, lighting, 

quality of image, etc.) whereas the low variability images differed in terms facial expression and head 

angle but not in terms of hairstyle, age, clothing and conditions (background, lighting, quality of image, 

etc.). The coloured images (260 × 390 pixels) were presented on a grey background. For sample stimuli, 

please refer to Figure 4.1. 

 

Neuropsychological test 

a. Cambridge Face Memory Test (CFMT) 

The CFMT measures short-term memory for novel face recognition (Duchaine & Nakayama, 

2006). For a detailed description of the procedure for the CFMT, please see Chapter 3, section 3.1.1 

Methods, Cambridge Face Memory Test - Chinese (CFMT-Chinese).  

 

b. Cambridge Car Memory Test (CCMT) 

The CCMT measures short-term memory for object recognition (Dennett et al., 2012). The 

procedure for CCMT replicates the CFMT using images of cars instead of faces. 

 

c. Cambridge Face Perception Test (CFPT) 

The CFPT (Duchaine et al., 2007) measures perception of faces in the absence of working 

memory demands. Participants were shown a target face (3/4 profile view) above six frontal-view 

morphed faces with varying similarity to the target face shown. In total there were 16 trials, half of the 

trials was presented in an upright manner and the other half was presented in an inverted manner. 

Participants were given a maximum of one minute to rearrange the faces according to their similarity to 

the target face shown. 
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d. Autism Spectrum Quotient - 10 items (AQ-10) 

The AQ-10 (C. Allison et al., 2012) is a short form of the Autism Spectrum Quotient (Baron-

Cohen et al., 2001) used for assessment of autistic traits. Ten statements were included and participants 

were required to indicate how much the statement applies to them in a scale (i.e., Definitely agree; 

Slightly agree; Slightly disagree; Definitely disagree). The statements are listed in Appendix I. 

 

Experimental Task 

The face learning task consists of two phases: learning and test. The full procedure for the task is 

outlined in Chapter 4, section 4.1.1 Methods, Procedure. Only own-race faces (i.e., Caucasian faces) were 

included in the task. The task took about 15 minutes to complete. 

 

Procedure 

Testable was used to run the online experiment (Rezlescu et al., 2020). Participants completed the 

experiment in two parts. The first part (45 minutes) consists of the neuropsychological tests where 

participants first complete the CFMT, followed by the CCMT, CFPT and finally the AQ-10. Part two (15 

minutes) consists of the name verification task. Following the completion of part 1, participants were 

given the flexibility to complete part 2 at their convenience. The whole experiment took about one hour to 

complete. 

 

5.1.2 Results 

All data analysis was conducted using JASP (JASP Team, 2022). Participants who had typed the 

name of the identity with only one incorrect character during the learning phase were included in the 

analysis (e.g., typing Merrik when the actual name is Merrick). For two participants who had reported 

familiarity with some of the identities shown in the task (i.e., one and three identities), test trials of the 

familiar identity were removed prior to analysis. 
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Neuropsychological test 

An independent samples t-test revealed no difference between neurotypical participants and 

suspected DPs in CCMT scores, t(15) = -.48, p = .64, d = -.26, and CFPT scores, t(15) = -1.62, p = .13, d 

= -.86. Neurotypical participants scored higher in the CFMT (M = 62.25, SD = 7.09) compared to 

suspected DPs (M = 39.60, SD = 4.28), t(15) = 6.59, p < .001, d = 3.51. 

Several modified t-tests were conducted using SINGLIMS software (Crawford et al., 2010; 

Crawford & Garthwaite, 2002; Crawford & Howell, 1998) to compare each suspected DP to their age-

matched control group. All t-tests were one-tailed and p-values were compared to α = 0.05. The results 

for the modified t-tests are presented in Table 5.2. All five suspected DPs scored significantly lower 

compared to the control group (M = 62.250, SD = 7.086) in the CFMT. Only one suspected DP (M64) 

showed a significantly higher error in the CFPT compared to the control group (M = 37.833, SD = 

14.409). No suspected DPs scored differently than controls (M = 46.833, SD = 9.953) in the CCMT. 

 

Table 5.2  

Modified t-statistics results for suspected developmental prosopagnosia on CFMT, CFPT and CCMT. 

 
Suspected DPs 

 

Test 

 

F49 

 

F50 

 

F53 

 

F60 

 

M64 

CFMT  44 

t(11) = -2.474 

p = .015* 

z-cc = -2.576 

35 

t(11) = -3.695 

p = .002* 

z-cc = -3.846 

44 

t(11) = -2.474 

p = .015* 

z-cc = -2.576 

36 

t(11) = -3.559 

p = .002* 

z-cc = -3.704 

39 

t(11) = -3.152 

p = .005* 

z-cc = -2.576 

 

CFPT 42 

t(11) = .278 

p = .393 

z-cc = .286 

44 

t(11) = .411 

p = .344 

z-cc = .428 

52 

t(11) = .945 

p = .183 

z-cc = .983 

38 

t(11) = .011 

p = .496 

z-cc = .012 

76 

t(11) = 2.545 

p = .014* 

z-cc = 2.649 

 

CCMT 59 

t(11) = 1.174 

p = .133 

44 

t(11) = -.273 

p = .395 

44 

t(11) = -.273 

p = .395 

45 

t(11) = -.177 

p = .431 

54 

t(11) = .692 

p = .252 
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z-cc = 1.222 z-cc = -.285 z-cc = -.285 z-cc = -.184 z-cc = .720 

 

      
      

*Note. DP = Developmental prosopagnosia; CFMT = Cambridge Face Memory Test; CFPT = Cambridge 

Face Perception Test; CCMT = Cambridge Car Memory Test. *indicates scores significantly different 

than age-matched control group based on modified t-tests (one-tailed t-test, α=0.05). 

 

Name verification task 

A 2 (variability: high vs. low) × 2 (participant: neurotypical vs. suspected DPs) mixed ANOVA 

was conducted on the accuracy (calculated by proportion correct scores) (Figure 5.1). The analysis 

revealed no main effect of variability, F(1, 15) = 009, p = .924, ηp
2 = .0006, or participant, F(1, 15) 

= .035, p = .855, ηp
2 = .002. No interaction effect of variability and participant was found, F(1, 15) = .038, 

p = .847, ηp
2 = .003. A mixed ANOVA was conducted on the median reaction time correct (Figure 5.1). 

The analysis revealed no main effect of variability, F(1, 15) = 287, p = .600, ηp
2 = .019, or participant, 

F(1, 15) = .089, p = .770, ηp
2 = .006. No interaction effect of variability and participant was found, F(1, 

15) = .021, p = .888, ηp
2 = .001. A mixed ANOVA was also conducted on efficiency calculated by RCS 

(Figure 5.1). The analysis revealed no main effect of variability, F(1, 15) = 1.996, p = .178, ηp
2 = .117, or 

participant, F(1, 15) = .010, p = .923, ηp
2 = .0006. No interaction effect of variability and participant was 

found, F(1, 15) = .361, p = .557, ηp
2 = .024. 

 

Figure 5.1 

Accuracy, median reaction time for correct trials and efficiency separated by neurotypical and suspected 

developmental prosopagnosics. 
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Note. Error bars represent 95% confidence intervals. 

 

We also ran several modified t-tests comparing the accuracy levels of each suspected DP in high 

variability and low variability conditions to age-matched controls by using SINGLIMS software 

(Crawford et al., 2010; Crawford & Garthwaite, 2002; Crawford & Howell, 1998). The results for the 

modified t-tests are presented in Table 5.3. All five suspected DPs scored similarly to the control group 

(M = .818, SD = .111) in the high variability condition. Only one suspected DP (F60) scored significantly 

lower in the low variability condition compared to the control group (M = .810, SD = .101).  
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Table 5.3 

Modified t-statistics results for suspected developmental prosopagnosia on accuracy levels of name 

verification task. 

 
Suspected DPs 

 
Name 

verification 
task 

 
F49 

 
F50 

 
F53 

 
F60 

 
M64 

High 
variability 

.98 

t(11) = 1.402 

p = .09 

z-cc = 1.459 

1 

t(11) = 1.575 

p = .07 

z-cc = 1.640 

.66 

t(11) = -1.368 

p = .10 

z-cc = -1.423 

.80 

t(11) = -.156 

p = .440 

z-cc = -.162 

.68 

t(11) = -1.194 

p = .129 

z-cc = -1.243 

 

Low variability .96 

t(11) = 1.427 

p = .09 

z-cc = 1.485 

.93 

t(11) = 1.170 

p = .133 

z-cc = 1.218 

.80 

t(11) = -.095 

p = .463 

z-cc = -.099 

.58 

t(11) = -2.188 

p = .026* 

z-cc = -2.277 

 

.86 

t(11) = .476 

p = .322 

z-cc = .495 

      
      

*Note. DP = Developmental prosopagnosia, *indicates scores significantly different than age-matched 

control group based on modified t-tests (one-tailed t-test, α=0.05). 

 

We also ran several modified t-tests comparing reaction time of each suspected DP in the high 

variability and the low variability condition to age-matched controls by using SINGLIMS software 

(Crawford et al., 2010; Crawford & Garthwaite, 2002; Crawford & Howell, 1998). The results for the 

modified t-tests are presented in Table 5.4. All five suspected DPs scored similarly to the control group in 

the high variability condition (M = 1842.625ms, SD = 1334.369ms) and the low variability condition (M 

= 1750.583ms, SD = 941.501ms). 

 

Table 5.4 

Modified t-statistics results for suspected developmental prosopagnosia on reaction time of name 

verification task. 
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Suspected DPs 

 
Name 

verification 
task 

 
F49 

 
F50 

 
F53 

 
F60 

 
M64 

High 
variability 

926 

t(11) = -.660 

p = .261 

z-cc = -.687 

1784.5 

t(11) = -.042 

p = .484 

z-cc = -.044 

1691 

t(11) = -.109 

p = .458 

z-cc = -.114 

2554.5 

t(11) = .513 

p = .309 

z-cc = .533 

2965.5 

t(11) = .808 

p = .218 

z-cc = .842 

 

Low variability 1226 

t(11) = -.535 

p = .302 

z-cc = -.557 

2333.5 

t(11) = .595 

p = .282 

z-cc = .619 

1557.5 

t(11) = -.197 

p = .424 

z-cc = -.205 

2414 

t(11) = .677 

p = .256 

z-cc = .705 

2125 

t(11) = .382 

p = .355 

z-cc = .398 

 

      
      

*Note. DP = Developmental prosopagnosia 

 

5.1.3 Discussion 

We aimed to explore in the current study whether multiple high variability face exposure could 

enhance face identification compared to low variability face exposure for suspected DPs. Our results 

showed no difference in name verification task performance for identities learned in high variability 

condition and low variability condition. This showed that there was no effect of variability on face 

learning for either suspected DPs or neurotypical participants. Interestingly, no difference was found in 

performance of the name verification task between suspected DPs and neurotypical participants indicating 

that suspected DPs’ face learning ability was comparable to neurotypical participants. Furthermore, in the 

single case analysis, it was observed that only one suspected DP obtained a significantly lower score 

under the low variability condition. This implies that suspected DPs were performing similarly to the age-

matched control group. 

We found no effect of variability on face learning for both prosopagnosic participants and 

neurotypical participants which contradicts past studies indicating that identities learned in high 

variability condition were recognized better compared to identities learned in low variability condition 
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(Baker et al., 2017; Menon et al., 2015; Ritchie & Burton, 2017). Furthermore, our results did not provide 

evidence to suggest that individuals with prosopagnosia experience greater benefits in face learning from 

exposure to low variability faces as opposed to high variability faces, despite the latter involving 

consistent changes in external features that may hinder learning for individuals with prosopagnosia who 

rely predominantly on such features for face recognition.  

One possible reason for this may be the age difference in participants recruited. In previous work, 

participants recruited were children (aged 6-13 years) (Baker et al., 2017) and adults (i.e., M = 20.23 

years and M = 37.65 years in Baker et al. (2017); M = 19.4 in Menon et al. (2015); M = 22 years and M = 

23 years in Ritchie & Burton (2017)). However, the mean age for the participants in the current study was 

55.2 years for prosopagnosic participants and 56.08 years for neurotypical participants. Past work has 

shown that face recognition will continue to improve and peaks around age 30 (Germine et al., 2011) and 

sensitivity to faces will gradually reduce after age 50 (Logan et al., 2022). Indeed, it has been shown that 

face memory (Boutet & Meinhardt-Injac, 2021) and face perception (Boutet & Meinhardt-Injac, 2021; 

Megreya & Bindemann, 2015; Shah, Sowden, et al., 2015) deteriorates with age. Additionally, age-related 

changes in face viewing strategies including holistic processing (Konar et al., 2013; Schwarzer et al., 

2010), dependence on external and internal facial cues (Meinhardt-Injac et al., 2014; Schwarzer et al., 

2010) and neural changes in face processing brain regions (Goh et al., 2010; Grady et al., 2000; Jaworska 

et al., 2020; Thomas et al., 2008) are common. Thus, the middle-aged participants in our sample and adult 

participants in other studies (Baker et al., 2017; Menon et al., 2015; Ritchie & Burton, 2017) may not 

show the same effect of learning identities in high variability exposure. 

However, the current study has several limitations. One of the limitations was that the sample size 

for suspected DPs was extremely limited, resulting in low statistical power. Furthermore, suspected DPs 

were recruited based only on their CFMT scores. It has been suggested that assessment of everyday face 

recognition difficulties should be included as a part of prosopagnosia diagnosis (Dalrymple & Palermo, 

2016). Thus, future studies should include self-report questionnaires assessing face recognition 

difficulties experienced in daily life, such as the 15-item questionnaire by Kennerknecht et al. (2008) or 
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the 20-item prosopagnosia index (PI20) (Shah, Gaule, et al., 2015) along with objective measures of face 

recognition ability for prosopagnosia diagnosis (Estudillo & Wong, 2021; Palermo et al., 2017). 

Additionally, a recent study has proposed that face recognition deficits in prosopagnosia could 

stem from two types of face processing deficits: holistic processing and featural processing (Bennetts et 

al., 2022). Two separate clusters of individuals with developmental prosopagnosia were identified in the 

study, and the clusters differed in their face inversion task performance, with one cluster showing the 

typical face inversion effect while the other cluster did not. However, we did not evaluate the specific 

perceptual deficit within our suspected DP sample in this study, despite the potential impact of such a 

deficit on the training outcomes. 

In sum, we found no effect of variability on face learning for both suspected DPs and 

neurotypical participants which may be due to the low sample size in the current study. 
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Chapter 6 – General discussion and conclusion 

6.1 Summary of findings 

The main aim of the thesis was to explore whether it is possible to improve face recognition 

skills. To achieve this, we used tDCS (Chapter 2 and Chapter 3) and cognitive training based on face 

variability (Chapter 4 and Chapter 5). The results from Chapter 2 indicated that multifocal tDCS applied 

to the FFA led to increased efficiency for facial feature recognition while no effect of OFA stimulation on 

facial feature and whole face recognition was found. In Chapter 3, our new version of the CFMT, the 

CFMT-MY, showed high consistency and high reliability and so it is suitable for diagnosing individuals 

having difficulty in face recognition in clinical settings, measurement of individual differences in face 

recognition ability and measurement of the other-race effect. Additionally, we found no effect of a-tDCS 

and c-tDCS on own- and other-race face recognition. The findings from Chapter 4 showed enhanced own-

race face learning (i.e., face recognition and face-name association) for identities learned in high 

variability condition compared to low variability condition. However, identities learned in high variability 

condition only benefited other-race face recognition, but not face-name association of other-race. We also 

found no effect of variability on face learning for both prosopagnosic participants and neurotypical 

participants in Chapter 5. 

 

Effect of tDCS on face recognition 

Chapter 2 consisted of two experiments. Experiment 1a required participants to complete whole 

face and facial features (i.e., eyes, nose, mouth) recognition tasks after OFA and FFA stimulation in a 

within-subject design. The whole face and facial features presented in the task were computer-generated. 

In Experiment 1b, we used real faces in the task, provided stimulation following a between-subjects 

design and included a sham control group. We found no effect of the FFA and the OFA stimulation in 

recognition of features and whole faces in Experiment 1a. In Experiment 1b, we found that the FFA 

stimulation increased efficiency for feature recognition while no difference in facial features and whole 
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face recognition was found after the OFA stimulation. The discrepancy in results for Experiment 1a and 

1b may be due to the difference in stimuli. Artificial faces and features were used in Experiment 1a while 

real faces and features were used in Experiment 1b. Artificial faces may not be processed the same as real 

human faces as they are more difficult to remember and less discriminable compared to real human faces 

(Balas & Pacella, 2015; Kätsyri, 2018). 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). We tested participants before and after the stimulation in Experiment 1b to avoid the 

effect of differences across groups. Although our findings showed effects of a-tDCS in improving facial 

feature recognition in Chapter 2, no effect of a-tDCS and c-tDCS was found on recognition of own- and 

other-face recognition in Experiment 3, Chapter 3. In Experiment 3, participants completed own- and 

other-race CFMT before and after receiving either anodal tDCS, cathodal tDCS or sham stimulation. Our 

findings did not replicate previous research suggesting that c-tDCS impair recognition of other-race faces 

although the same stimulation protocol and face recognition measure were used (Costantino et al., 2017). 

The parameters of the tDCS protocols used in Experiment 1 and Experiment 3 differed, which 

may have contributed to the discrepancy in results between the two experiments. Firstly, the tDCS 

montage used in the two experiment was different. While the montage used in Experiment 3 was the 

traditional 2-electrodes tDCS montage using large sponge electrodes which provides low focality 

stimulation to the target area, Experiment 1 used a multifocal tDCS montage which uses multiple small 

electrodes to provide better focality of stimulation and a more effective increase in cortical excitability 

than the traditional tDCS montage (Fischer et al., 2017). Thus, effect of tDCS may be present in 

Experiment 1 but not Experiment 3 as the multifocal tDCS montage was more effective in increasing 

cortical excitability compared to the traditional tDCS montage. Next, the current intensity used in 

Experiment 1 (3.21 mA for FFA stimulation and 3.75 mA for OFA stimulation) was much higher 

compared to Experiment 3 (1.5 mA for a-tDCS and c-tDCS). Hence, the higher current intensity in 

Experiment 1 may have led to a more effective tDCS effect in Experiment 1 but not Experiment 3 as past 

work has suggested that higher current intensity could lead to stronger tDCS effects (Nitsche & Paulus, 
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2000). However, another study has indicated that the relationship between current intensity and the effect 

of tDCS is unclear (Esmaeilpour et al., 2018). 

While tDCS montage and current intensity may explain the differences in tDCS effects between 

the two experiments, an absence of effect was also found for the OFA stimulation in Experiment 1, which 

uses the same tDCS montage and similar current intensity (i.e., ≥ 3 mA) as the FFA stimulation. Even 

though both OFA and FFA stimulation used multifocal tDCS montage, the number of electrodes, position 

of each electrode, and current intensity for each electrode differed which may have contributed to the 

discrepancy in tDCS effects generated by the FFA stimulation and the OFA stimulation. For example, the 

brain anatomy (i.e., gyri and sulci of the brain) (Datta et al., 2012; Miranda et al., 2013) and the head 

anatomy (i.e., head size, tissue thickness, head fat, conductivity of the skull, skin and grey matter in the 

brain) (Bikson et al., 2012; Salvador et al., 2012; Truong et al., 2013) are known to affect the electric field 

generated by tDCS. Therefore, it seems plausible that these biological factors influenced how the 

participant received the OFA stimulation, making it less effective. Additionally, previous studies have 

reported that some participants showed no response to tDCS (López-Alonso et al., 2014; Strube et al., 

2015; Wiethoff et al., 2014) and the positive effects of tDCS in face perception is not always found 

(Willis et al., 2019) indicating that the effect of tDCS may not always be reliable. 

Overall, our results indicated that the FFA stimulation improved facial feature recognition and 

high focality tDCS montage may lead to a more effective tDCS effect as compared to low focality tDCS 

montage. However, there are some limitations to tDCS studies. While some factors that may affect tDCS 

effects, including age and hormone levels, are controllable, others, like biological substrate, are more 

difficult to control and may cause inconsistency in tDCS effects. Furthermore, the exact relationship 

between current intensity and tDCS effects is still unclear. 

 

Effect of high variation multiple exposure of an identity on face learning 

In Chapter 4, participants learned own- and other-race identities in high and low variability 

condition and were tested with a name verification task (Experiment 4a) and an old-new recognition task 
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(Experiment 4b). Our results for Experiment 4a showed that identities learned in high variability 

conditions enhanced own-race face-name association, but not other-race face-name association compared 

to the identities learned in low variability condition.  

The advantage for identities learned in high variability condition may be absent for other-race 

face-name association due to unfamiliarity of Caucasian participants with Chinese names which deterred 

face and name matching accuracy for the Chinese identities. In Experiment 4b, our results showed that 

identities learned in high variability condition enhanced own- and other-race face recognition compared 

to the identities learned in low variability condition. In sum, the results for Experiment 4a and 4b showed 

that identities learned in the high variability condition enhanced own-race face learning (i.e., face 

recognition and face-name association) and other-race face recognition, but not other-race face-name 

association compared to identities learned in low variability condition. In Chapter 5, suspected DPs and 

neurotypical participants learned identities in high and low variability condition and were tested with a 

name verification task (Experiment 5). Contrastingly, we found no effect of variability on face learning 

for either suspected DPs or neurotypical participants. 

The discrepancy in results between Experiment 4 and Experiment 5 may be due to the age 

difference in participants recruited. Participants’ mean age was 22.32 years in Experiment 4a and 21.59 

years in Experiment 4b while in Experiment 5 the mean age for suspected DPs were 55.2 years and 56.08 

years for neurotypical participants. Previous work has shown that face recognition will continue to 

improve and peaks around age 30 (Germine et al., 2011) and sensitivity to faces will gradually reduce 

after age 50 (Logan et al., 2022). Additionally, face memory (Boutet & Meinhardt-Injac, 2021) and face 

perception (Boutet & Meinhardt-Injac, 2021; Megreya & Bindemann, 2015; Shah, Sowden, et al., 2015) 

tend to deteriorate with age. Age-related declines in face processing ability are also linked to neural 

changes in the face processing brain regions (Goh et al., 2010; Grady et al., 2000; Jaworska et al., 2020; 

Thomas et al., 2008). Face viewing strategies such as holistic processing (Konar et al., 2013; Schwarzer et 

al., 2010) and dependence on external and internal facial cues (Meinhardt-Injac et al., 2014; Schwarzer et 

al., 2010) have also been found to change with age. 
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However, the results from Experiment 5 should be taken with caution, as the study has several 

limitations. Firstly, the sample size for suspected DPs was extremely limited, resulting in low statistical 

power. Furthermore, the diagnostic assessment was insufficient, as the suspected DPs were recruited 

based only on their CFMT scores. Additionally, a recent study has proposed that face recognition deficits 

in prosopagnosia could stem from two types of face processing deficits: holistic processing and featural 

processing (Bennetts et al., 2022). However, we did not evaluate the specific perceptual deficit within our 

suspected DP sample in this study, despite the potential impact of such a deficit on the training outcomes. 

Thus, although it is possible that the younger participants recruited in Experiment 4a and 4b may 

not show the same effect of learning identities in high variability exposure as the older participants 

recruited in Experiment 5 due to age differences, drawing this conclusion is difficult due to the constraints 

posed by the limitations in Experiment 5. 

 

The ORE for Caucasian faces among Chinese Malaysian participants  

In Chapter 3, our results for Experiment 3 revealed that Chinese Malaysians presented an ORE 

for Caucasian faces where participants performed better (i.e., higher accuracy) in own-race CFMT (i.e., 

CFMT-Chinese and CFMT-MY) compared to other-race CFMT (i.e., CFMT-original and CFMT-Aus). 

Contrastingly, in Chapter 4, our results for Experiment 4a and 4b revealed that Chinese Malaysian did not 

present an ORE for Caucasian faces where participants performed equally well (i.e., similar accuracy) in 

recognizing Chinese and Caucasian faces. 

The task used to measure face recognition ability in Experiment 3 and Experiment 4a and 4b 

differed, which may have contributed to the discrepancy in results between the two experiments. Firstly, 

the stimuli in both experiments were different where greyscale faces with no hair and neutral emotion 

were presented in Experiment 3 whereas naturalistic face images with hair and varying facial emotions 

were presented in Experiment 4. Because past studies have shown that natural variability (i.e., difference 

in appearances (e.g., hair and makeup), lighting and facial emotion) could improve face processing ability 

(Baker et al., 2017; Menon et al., 2015; Ritchie & Burton, 2017), it is possible that the presentation of 
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naturalistic face images reduced the ORE for Caucasian faces. Furthermore, other-race face recognition 

usually relies more on external features (e.g., hairstyle) compared to internal features (e.g., shape of eyes) 

(Havard, 2021; Sporer & Horry, 2011; Wong et al., 2020) suggesting that presence of external features in 

Experiment 4 may have also contributed to the reduce ORE for Caucasian faces. In line with this, Tan et 

al. (2012) found that Chinese Malaysian participants recognized East Asian and Western faces equally 

well with the use of colored face images with hair as stimuli.  

Second, the difference in findings between the two experiments may be explained by variation in 

the learning phase of the task employed in Experiment 3 and Experiments 4. In Experiment 3, the CFMT 

was employed where each target face was exposed in three different viewing angles (i.e., frontal, left 1/3 

profile and right 1/3 profile) whereas in Experiment 4, ten images of high or low variability were 

presented for each target face. The increased exposure of target faces in Experiment 4 may have 

contributed to the reduced ORE for Caucasian faces, as previous studies have demonstrated that multiple 

exposure to faces can improve face processing abilities (Andrews et al., 2015; Dowsett et al., 2016; 

Matthews & Mondloch, 2018; Menon et al., 2015; Mileva & Burton, 2019; White, Burton, et al., 2014). 

Moreover, recent research has indicated that face familiarity has a greater impact on face recognition than 

race (Zhou et al., 2021). As there were more exposure in Experiment 4, participants maybe more familiar 

with the identities presented, therefore improving recognition Caucasian faces. Additionally, semantic 

information (i.e., the name) was presented together with the target faces during the learning phase in 

Experiment 4 but not Experiment 3. Presentation of names with faces could lead to deep encoding of 

faces which is associated with enhanced face recognition ability (Schwartz & Yovel, 2019). Thus, deep 

encoding of the target faces may have contributed to the reduced ORE of Caucasian faces among Chinese 

Malaysian participants. 

Although these factors (i.e., stimuli, exposure and name presentation in learning phase) may have 

reduced the ORE for Caucasian faces among Chinese Malaysian participants, it is important to note that 

the ORE for Chinese faces still persisted among Caucasian participants in Experiment 4 despite the 

presence of these factors. Therefore, it could be that in addition to these factors, Chinese Malaysian 
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participants may have reduced ORE for Caucasian faces due to the high exposure of Western culture in 

Malaysia as evident from the preference of Hollywood films over local films in Malaysia (Kit & Chuan, 

2012; Sriganeshvarun & Abdul Aziz, 2019). This is in line with the contact hypothesis where we tend to 

develop higher level of perceptual expertise for faces that were more often seen in their everyday life 

(Rossion & Michel, 2011). Viewing Hollywood films may have increased Chinese Malaysian 

participants' perceptual expertise for Caucasian faces which in turn, reduce the ORE for Caucasian faces. 

Thus, future studies should include the social contact questionnaire as in Wong et al. (2020) to assess the 

quality and quantity of contact between Malaysian participants and Caucasian people. However, it is 

important to note that while some studies propose that exposure and the magnitude of the ORE are not 

associated (Wong et al., 2020), others have identified a reduction in the ORE with increased exposure 

(Estudillo et al., 2020). 

Additionally, it is possible that Chinese Malaysian participants may show reduced ORE for 

Caucasian faces as past research have indicated that bilinguals tend to exhibit reduced ORE (Burns, Tree, 

et al., 2019; Kandel et al., 2016). Given that Malaysia is a multilingual country where several languages 

including Malay, English, Mandarin and Tamil are widely spoken (David et al., 2017), the lack of ORE 

observed in Chinese Malaysian participants for Caucasian faces may be attributed to the high prevalence 

of bilingualism or multilingualism in the country, which could potentially reduce the ORE. 

Although Chinese Malaysian participants did not show an ORE for Caucasian faces in terms of 

accuracy in Experiment 4b, they exhibited an ORE for Caucasian participants in the d’ measure (i.e., 

higher d’ for Chinese stimuli compared to Caucasian stimuli). The contrasting results between accuracy 

and d’ measure could potentially be attributed to the fact that in Experiment 4b, accuracy solely 

encompasses old trials (faces that were previously learned), whereas d' encompasses both old and new 

trials (faces that were novel). This suggests that the ORE in Chinese Malaysian participants may be more 

pronounced when they are making decisions to reject faces (i.e., indicating that a face was not seen 

before) as opposed to confirming familiarity (i.e., acknowledging that a face was previously learnt). 

Additionally, this ORE was only observed in the high variability condition and was not evident in the low 
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variability condition. However, the precise reasons behind the presence of the ORE in Chinese Malaysian 

participants exclusively in the high variability condition and its absence in the low variability condition 

remain unclear. Altogether, this suggests that Chinese Malaysian participants may exhibit inconsistent 

ORE patterns across different measures and conditions. 

 

6.2 Theoretical and practical implications 

Developing an effective way to enhance face recognition ability is not only theoretically relevant, 

but it is also important for national security and for individuals with certain developmental and 

neurological disorders that are associated with facial recognition deficit. Occupations such as passport 

officers and police officers require high facial recognition skills but these individuals are not better than 

the general population despite having more experience and having received face recognition training 

(White, Kemp, Jenkins, Matheson, et al., 2014). Additionally, difficulties in face recognition could lead to 

devastating consequences in an individual’s social life such as a high level of anxiety, avoidance of social 

interaction and lowered level of self-confidence (Yardley et al., 2008). Recognition of other-race faces 

presents additional challenges for face recognition (Meissner & Brigham, 2001). In situations when it is 

necessary to identify other-race faces such as passport control and eyewitness identification, the ORE will 

presumably have detrimental consequences (Davies & Griffiths, 2008; Estudillo, 2021). The ORE may 

also contribute to difficulties in everyday social interaction (McKone et al., 2021). Hence, we investigated 

two different methods of improving face recognition ability: tDCS and cognitive training based on face 

variability.  

In terms of tDCS, our findings suggest that multifocal a-tDCS targeting the FFA improved 

recognition of facial features (i.e., eyes, nose and mouth) presented individually but not whole faces 

(Experiment 1). Our results also revealed no effect of multifocal a-tDCS targeting the OFA on recognition 

of facial features and whole faces (Experiment 1). Additionally, we found that a-tDCS and c-tDCS 

applied to the occipital region had no influence on recognition of both own- and other-race faces 

(Experiment 3). Taken together, our results indicate a potential benefit of tDCS in improving facial 
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features recognition. However, it is important to acknowledge that improved recognition of facial features 

may not necessarily translate into enhanced overall face recognition ability, as faces are usually processed 

holistically or as a whole (Tanaka & Farah, 1993). Despite this, it is possible that the tDCS protocol (e.g., 

current intensity and montage) used in Experiment 1 and 3 may not have been optimal for face 

recognition ability enhancement. Therefore, our findings indicated that tDCS could improve facial 

features recognition, although further research is needed to determine its effectiveness for improving 

overall face recognition ability. 

Our findings in Experiment 1 also indicated the involvement of the FFA in facial feature 

processing. In line with this, past fMRI studies have shown involvement of the FFA in feature recognition 

(Dachille et al., 2012; J. 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 (J. Liu et al., 2010). The involvement 

of the FFA in feature representation challenged the neuropsychological model of face processing by 

Haxby et al. (2000) which suggests that the FFA is only involved in the late stages of face processing 

(i.e., representation of facial identity). Although we did not found involvement of the FFA in whole face 

processing, this may be due to the lower difficulty of the whole face recognition task in Experiment 1b, 

causing the effect of tDCS to be present only for facial feature recognition and not whole face recognition 

(Popescu et al., 2016; Reteig et al., 2017; Vergallito et al., 2018). Thus, our results showed involvement 

of the FFA in facial feature representation, and that FFA may have overlapping roles in face processing, 

where it is involved in the representation of facial features together with whole faces.  

In terms of cognitive training based on face variability, our results revealed that identities learned 

in high variability condition enhanced own-race face learning (i.e., face recognition and face-name 

association) and other-race face recognition, but not face-name association of other-race (Experiment 4), 

however, this benefit did not extend to older adults (Experiment 5). Although this benefit could not be 
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applied during simultaneous face matching as in identity verification procedures (Ritchie et al., 2021; 

Sandford & Ritchie, 2021) and is not transferable to novel untrained identities (Dowsett et al., 2016; 

Matthews & Mondloch, 2018), the ability to swiftly familiarise individuals with new identities by 

exposing them to high within-person variation may still be valuable in certain applied situations. For 

instance, this method of learning new identities could be employed when searching for a specific own- or 

other-race criminal in a large crowd. Additionally, this method could be used by individuals with face 

recognition deficits when searching for a friend or family member in a large crowd. However, we found 

no effect of variability in face learning for suspected DPs in Experiment 5 which may be due to the low 

sample size of suspected DPs. Therefore, further studies are required to examine the effect of multiple 

exposure of identity in high variation among prosopagnosic participants. 

Furthermore, in line with previous studies suggesting that familiar faces with strong 

representation in the memory are built up from multiple exposure of a face in different context (Burton et 

al., 2005; Jenkins & Burton, 2011; Johnston & Edmonds, 2009), our findings from Experiment 4b 

showed that high variability presentation of an identity produced stronger representations of own- and 

other-race faces. Although past research has suggested that external features are prioritized when 

presented with stable face appearances (i.e., low variability) (Devue et al., 2021; Reedy & Devue, 2019) 

and when processing other-race faces (Havard, 2021; Sporer & Horry, 2011; Wong et al., 2020), low 

variability presentation of an identity did not benefit other-race face learning. Instead, participants in our 

study were able to focus on the internal features of other-race faces in the high variability condition, 

resulting in detailed encoding of internal features (Devue et al., 2021; Reedy & Devue, 2019) and 

enhanced learning of other-race faces. 

In Experiment 2a and 2b, we created and evaluated a new version of an Asian CFMT, the CFMT-

MY. Our evaluation across two experiments showed that the CFMT-MY had high consistency and high 

reliability, and so is suitable for diagnosing individuals with difficulty in face recognition in clinical 

settings, measurement of individual differences in face recognition ability and measurement of the other-

race effect. Although two versions of the Caucasian CFMT are available (Duchaine & Nakayama, 2006; 
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McKone et al., 2011), currently there is only one Asian CFMT version available for use (McKone et al., 

2012). Hence, the availability of CFMT-MY is important in aiding the diagnosis of borderline cases of 

prosopagnosia in Asia. For example, although repeating the same test could provide a more reliable score, 

this could lead to some issues (McCaffrey & Westervelt, 1995) such as increased familiarity with the 

target faces in the test which could lead to higher scores the second time the test is taken (Murray & Bate, 

2020). In this case, the familiarity effect could be eliminated by using a complementary version of the 

CFMT which present a different set of face stimuli (Murray & Bate, 2020). The availability of a 

complementary version of the CFMT is also valuable for pre-post training comparison to assess the 

effectiveness of face training protocols (e.g., Bate et al., 2019; Corrow et al., 2019; Davies-Thompson et 

al., 2017). 

 

6.3 Limitations and future research 

As discussed in Chapter 1 (section 1.2.1: Factors that modulate the effectiveness of different TES 

techniques), the effectiveness of TES can be modulated by several factors such as the TES protocol, state 

of brain, hormones, age and individual differences, which is a common limitation for TES studies. While 

some factors that may affect the stimulation including age and hormone levels, are controllable, other 

factors, such as biological substrate (e.g., head size and skull thickness), are more difficult to control and 

may cause inconsistency in tDCS effects. Ideally, factors such as biological substrate should be controlled 

using a within-subjects design, however there is also the presence of intra-individual differences in tDCS 

effects across different testing sessions (Dyke et al., 2016). The current ideal strategy to increase the 

validity of TES studies is to increase the power of the study which will increase the chances of detecting a 

true effect (Minarik et al., 2016). One limitation in Experiment 3 is the lack of Caucasian participants for 

a cross-cultural comparison tDCS study. Previous research has demonstrated that cultural variations may 

result in differential face processing strategies (Blais et al., 2008; Jack et al., 2009; Kelly et al., 2011). 

Hence, it would be valuable for future research to examine if the absence of tDCS effects found in our 

experiment with Chinese Malaysian participants is due to cultural differences (i.e., Eastern vs. Western) 
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in face processing strategies as previous work reporting successes in improvement of face processing 

ability using tDCS mostly recruited Caucasian participants (e.g., Barbieri et al., 2016; Brunyé et al., 

2017). 

In this thesis, we have investigated one form of TES which is the tDCS applied to the occipital 

cortex. Future studies could further investigate the effect of other forms of TES in face recognition as 

some successes in improving face perception and facial emotions have been reported using tACS 

(Gonzalez-Perez et al., 2019; Janik et al., 2015) and tRNS (Estudillo et al., 2023; Romanska et al., 2015; 

T. Yang & Banissy, 2017). Additionally, further investigations on the target stimulation region other than 

the occipital cortex could be conducted such as the anterior temporal lobes (Ross et al., 2010, 2011), 

orbitofrontal cortex (Willis et al., 2015) and dorsolateral prefrontal cortex (Civile et al., 2021) for face 

processing improvement. Previous research has also reported long-term (i.e., three to six months) 

cognitive enhancements when TES was applied over several training sessions such as improvement of 

motor skill (Reis et al., 2009) and numerical skills (Cohen Kadosh et al., 2010; Snowball et al., 2013). 

Thus, subsequent studies could also investigate the effects of TES coupled with face training sessions in 

long-term improvement of face processing abilities. 

Replicability of studies has been a critical issue in the area of psychological research over the past 

years (Pashler & Wagenmakers, 2012). This issue can be observed in TES research as well as the number 

of failures to replicate the positive effects of TES is increasing. For instance, failures in replicating the 

positive effects of TES were found in terms of mood and emotion (Koenigs et al., 2009), working 

memory (Nilsson et al., 2015, 2017), verbal fluency (Vannorsdall et al., 2016), spatial attention 

(Learmonth et al., 2017) and face perception (Willis et al., 2019). These studies demonstrated the 

inconsistency in TES literature. The TES literature may also be subjected to publication bias and 

underpowered studies (Medina & Cason, 2017; Minarik et al., 2016). Additionally, the effect of tDCS 

may not always be reliable as some participants showed no response to TES (Horvath et al., 2015; López-

Alonso et al., 2014; Strube et al., 2015; Wiethoff et al., 2014). Hence, subsequent research will need to 

increase the evidential value of future TES studies. 
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Next, the suspected DPs sample in Experiment 5 was extremely limited and the sample were 

selected solely on the basis of their CFMT results. It has been proposed that prosopagnosia diagnosis 

should include an evaluation of daily facial recognition challenges as well (Dalrymple & Palermo, 2016). 

Therefore, along with objective measures of face recognition ability for prosopagnosia diagnosis 

(Estudillo & Wong, 2021; Palermo et al., 2017), future studies should include self-report questionnaires 

assessing face recognition difficulties experiences in daily life, such as the 15-item questionnaire by 

Kennerknecht et al. (2008) or the 20-item prosopagnosia index (PI20) (Shah, Gaule, et al., 2015). 

Additionally, a recent study has proposed that face recognition deficits in prosopagnosia could stem from 

two types of face processing deficits: holistic processing and featural processing (Bennetts et al., 2022). 

However, we did not evaluate the specific perceptual deficit within our suspected DP sample in this study, 

despite the potential impact of such a deficit on the training outcomes. Future study should assess the 

specific perceptual deficit of the prosopagnosic sample when evaluating face training outcomes. 

 

6.4 Conclusion 

The main aim of the thesis was to examine the effect of tDCS and cognitive training based on 

face variability on the improvement of face recognition skills. Overall, our results showed that FFA 

stimulation improved facial feature recognition while no effect of the OFA stimulation was found. 

Additionally, we found no effect of a-tDCS and c-tDCS on own- and other-race face recognition. This 

suggest that high focality tDCS montage may lead to a more effective tDCS effect as compared to low 

focality tDCS montage. However, it is important to acknowledge that improved recognition of facial 

features may not necessarily translate into enhanced overall face recognition ability, as faces are usually 

processed holistically or as a whole (Tanaka & Farah, 1993). Therefore, further research is needed to 

determine the optimal TES protocol for improving overall face recognition ability. Next, our results 

showed enhanced own-race face learning (i.e., face recognition and face-name association) for identities 

learned in high variability condition compared to low variability condition. However, identities learned in 

high variability condition only benefited other-race face recognition, but not face-name association of 
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other-race. We also found no advantage of identities learned in high variability on face learning for both 

suspected DPs and neurotypical participants. However, this discrepancy in results could be due to the low 

sample size in suspected DPs and neurotypical participants in Experiment 5. Finally, we created a new 

Asian CFMT version (CFMT-MY) the evaluation of which showed high consistency and high reliability 

and which is therefore exhibit potential utility in facilitating diagnosis of individuals with difficulty in 

face recognition in clinical settings, measurement of individual differences in face recognition ability and 

measurement of the other-race effect.  
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Appendices 

Appendix A: Perceived sensation after FFA and OFA stimulation for Experiment 1a. 

 

Perceived sensation 

A Wilcoxon signed-rank test was 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. Wilcoxon signed-rank test was 

also 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). Rating score for itching was higher for FFA 

stimulation (M = 1.429, SD = 1.065) compared to OFA stimulation (M = .9429, SD = .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). For additional remarks on the 

sensation of stimulation, refer to Table A.  

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. 

 

Table A 

Additional remarks on the sensation of stimulation for Experiment 1a. 
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Stimulation Additional remarks 

OFA Felt calmer and more relaxed. 

FFA Cold burn 

 Ticklish 

Note. Remarks provided by three participants  
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Appendix B: Perceived sensation after the FFA, OFA and sham stimulation and an analysis on 

baseline scores to compare face recognition ability and age between stimulation groups for 

Experiment 1b. 

 

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). No difference was found for 

rating score of itching (H(2) = 3.33, p = .19), pain (H(2) = .05, p = .97), burning (H(2) = 2.21, p = .33), 

warmth/heat (H(2) = 2.32, p = .31), metallic/iron taste (H(2) = .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 Table B and Table C. Our results showed no 

difference in sensation perceived between FFA, OFA and sham stimulation. 

 

Table B 

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

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 
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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 C 

Participant’s belief on whether they have received real or placebo stimulation for Experiment 1b. 

 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) 

One-way ANOVA was conducted to examine if there was any age difference between stimulation 

groups. No significant age difference was found between stimulation group, F(2, 57) = 0.346, p = .709. 

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) = .258, p = .773, ηp
2 = .009. A main effect of task type was found, 

F(1, 57) = 45.978, p < .001, ηp
2 = .446, where features task (M = .659, SD = .082) had lower accuracy 
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compared to whole faces task (M = .732, SD = .08). No significant interaction effect was found between 

stimulation group and task type on accuracy, F(2, 57) = .504, p = .607, ηp
2 = .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) = .389, p = .679, ηp
2 = .013. A main effect of task type was found, F(1, 57) = 

20.909, p < .001, ηp
2 = .268, where the features task (M = 1.14s, SD = .253s) had longer reaction time for 

correct trials compared to the whole faces task (M = 1.05s, SD = .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 = .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. 
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Appendix C: Exclusion of possible prosopagnosia cases for Experiment 2a. 

 

Possible prosopagnosia cases were excluded to provide calculation representing “norm” 

participants in order to be able to use the test for diagnosing prosopagnosia cases (see Bowles et al., 2009 

and McKone et al., 2017 for a similar procedure). Percentile ranks (Crawford et al., 2009) were calculated 

to determine the bottom 2% of the sample using the formula (m + 0.5k) / N × 100 where m is the number 

of participants scoring below a given score, k is the number of participants which have obtained the given 

score and N is the total sample size. Using this formula, CFMT-MY score of 39/72 was equivalent to a 

percentile rank of 1.87% of the total sample size (N = 134) and the score after, 42/72 was equivalent to 

2.61%. Three participants (participant ID: 71, 102 and 75) which scored ≤ 39 were excluded. Based on 

the scores in Table A1, these participants scored quite well in the learning stage of CFMT-Chinese and 

CFMT-MY, showing that the low scores were not attributable to lack of effort. Similarly, the scores for 

CFMT-Chinese were at the lower end of the normal distribution. Raw data file showed no indication of 

repeated same key pressing. 

The standard method was used to calculate the cut-off value of the CFMT-Chinese for 

prosopagnosia, M – 2SD. The cut-off score was 36.46/72. Five participants (participant ID: 78, 105, 123, 

83 and 45) which scored ≤ 36 were excluded. Based on the scores in Table D, these participants scored 

quite well in the learning stage of CFMT-Chinese and CFMT-MY, showing that the low scores were not 

attributable to lack of effort. However, they unexpectedly scored in the average to high range for CFMT-

MY, except for participant 105. Raw data file showed no indication of repeated same key pressing, 

however, participant 123 had 16/72 trials (22.22%) with response time < 500ms and four trials with 

abnormally long response time (12194-168585ms) in the CFMT-Chinese block showing that the 

participation may be distracted during the task. Additionally, all five participants completed the CFMT-

Chinese as the last block as per randomization, hence, the low performance could be attributed to fatigue 

or loss of attention/effort towards the end of the experiment. 
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It is unclear if these cases presented are prosopagnosia as some of the participants may have 

scored on the lower end due to fatigue or loss of attention towards the end of the experiment. Other 

measures such as the 20-item prosopagnosia index (PI20) (Shah, Gaule, et al., 2015), famous face test and 

a clinical interview are needed to confirm these cases.  

 

Table D 

Possible prosopagnosia cases based on CFMT-MY and CFMT-Chinese scores. 

 CFMT-MY CFMT-Chinese CCMT  

Participant 

ID 

All trials 

(/72) 

Learning 

stage (/18) 

All trials 

(/72) 

Learning 

stage (/18) 

All trials 

(/72) 

Learning 

stage (/18) 
Order of tasks 

71 39 18 37 14 49 14 
CCMT > CFMT-MY > CFMT-

Chinese 

102 31 11 40 17 37 8 
CCMT > CFMT-Chinese > 

CFMT-MY 

75 36 15 43 18 41 17 
CCMT > CFMT-MY > CFMT-

Chinese 

78 61 18 30 18 47 13 
CCMT > CFMT-MY > CFMT-

Chinese 

105 44 15 33 17 44 15 
CFMT-MY > CCMT > CFMT-

Chinese 

123 53 17 33 15 32 10 
CFMT-MY > CCMT > CFMT-

Chinese 

83 53 17 34 14 46 17 
CCMT > CFMT-MY > CFMT-

Chinese 

45 56 18 35 17 51 18 
CCMT > CFMT-MY > CFMT-

Chinese 

Note. Participant 71, 102 and 75 scored below percentile rank of 2% for CFMT-MY and participant 78, 105, 123, 83 

and 45 scores below cut-off score (M - 2SD). 
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Appendix D: Exclusion of possible prosopagnosia cases for Experiment 2b. 

 

Possible prosopagnosia cases were excluded to provide calculation representing “norm” 

participants (see Bowles et al., 2009 and McKone et al., 2017 for a similar procedure). The standard 

method, M – 2SD, was used to calculate the cut-off value of the CFMT-original for prosopagnosia. The 

cut-off score was 37.79/72. Four participants (ID: 49, 87, 43 and 96) which scored ≤ 38 were excluded. 

Based on the scores in Table B1, these participants scored quite well in the learning stage of all test 

versions of CFMT, showing that the low scores were not attributable to lack of effort (except for 

participant 43 in the CFMT-MY learning stage). Similarly, the scores for CFMT-Chinese and CFMT-MY 

were at the lower end of the normal distribution. Raw data file showed no indication of repeated same key 

pressing, however, participant 43 had 32/72 trials (44.44%) for the CFMT-Chinese block, 17/72 trials 

(23.61%) for the CFMT-MY block and 34/72 trials (47.22%) for the CFMT-original block with response 

time < 500ms indicating that the participation may be pressing some of the keys randomly during the 

task.  

The standard method to calculate the cut-off value, M – 2SD, was used to determine participants 

which had average score ranked in the bottom 2% of the sample for CFMT-Chinese (for similar 

procedure, see Wan et al., 2017). The cut-off value was 31.49/72. Four participants (ID: 129, 115, 37 and 

9) which scored ≤ 31 were excluded. Based on the scores in Table E, these participants scored quite well 

in the learning stage of all test versions of CFMT, showing that the low scores were not attributable to 

lack of effort. Similarly, the scores for CFMT-MY were at the lower end of the normal distribution 

(except for participant 9). Raw data file showed no indication of repeated same key pressing. It is unclear 

if the participants were possible prosopagnosia cases or if they were severely affected by the other-race 

effect (ORE). For example, participant 37 scored on the lower end for both CFMT-Chinese and CFMT-

MY (other-race) but scored on the average range for CFMT-original (own-race). 

Cut-off value was also calculated using the standard method, M – 2SD, to determine participants 

which had average score ranked in the bottom 2% of the sample for CFMT-MY. The cut-off value was 
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32.8/72. Two participants (ID: 71 and 104) which scored ≤ 33 were excluded. Based on the scores in 

Table 7, these participants scored quite well in the learning stage of all test versions of CFMT, showing 

that the low scores were not attributable to lack of effort. Similarly, the scores for CFMT-Chinese were at 

the lower end of the normal distribution. Raw data file showed no indication of repeated same key 

pressing.  

All 10 participants were excluded from the data analysis (except for internal reliability analysis). 

As in Experiment 1, it is unclear if the participants scoring below the cut-off value on the CFMT-original 

were indicative of possible prosopagnosia as further diagnosis using other measures are needed to confirm 

these cases. It is also unclear if the participants which had average score ranked in the bottom 2% of the 

sample for CFMT-MY and CFMT-Chinese were possible prosopagnosia cases, or if they were severely 

affected by the other-race effect with average face recognition ability for own-race faces (Wan et al., 

2017). 

 

Table E 

Possible prosopagnosia cases based on CFMT-original, CFMT-Chinese and CFMT-MY scores. 

 
CFMT-MY CFMT-Chinese CFMT-original 

  

Participant 

ID 

All trials 

(/72) 

Learning 

stage (/18) 

All trials 

(/72) 

Learning 

stage (/18) 

All trials 

(/72) 

Learning 

stage (/18) 
Order of tasks 

49 35 15 41 18 34 17 
CFMT-Chinese > CFMT-

original > CFMT-MY 

87 39 15 39 18 34 16 
CFMT-MY > CFMT-Chinese > 

CFMT-original 

43 26 6 37 18 36 11 
CFMT-Chinese > CFMT-

original > CFMT-MY 

96 36 17 37 16 38 18 
CFMT-Chinese > CFMT-

original > CFMT-MY 
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129 38 15 30 18 39 16 
CFMT-MY > CFMT-Chinese > 

CFMT-original 

115 34 12 31 14 43 15 
CFMT-original > CFMT-

Chinese > CFMT-MY 

37 39 13 31 15 56 18 
CFMT-MY > CFMT-original > 

CFMT-Chinese 

9 46 17 31 12 41 16 
CFMT-Chinese > CFMT-

original > CFMT-MY 

71 30 14 40 13 48 15 
CFMT-Chinese > CFMT-MY > 

CFMT-original 

104 31 17 44 16 45 18 
CFMT-original > CFMT-

Chinese > CFMT-MY 

Note. Participants scored below percentile rank of 2% for CFMT-original (49, 87, 43 and 96), CFMT-Chinese (129, 

115, 37 and 9) and CFMT-MY 
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Appendix E: Analysis of internal reliability, internal consistency and validity for Experiment 2b. 

 

Internal reliability 

The internal reliability of the test was measured using Cronbach’s α. For all trials, internal 

reliability was α = .87 for CFMT-MY. Results showed high internal reliability for CFMT-MY which was 

in line with previous work such as CFMT-Chinese, α = .86 (McKone et al., 2017). 

 

Internal consistency 

The internal consistency of the CFMT-MY at stage level (i.e., learning, novel and novel-with-

noise) was measured using Pearson correlation (r). Results showed positive correlation between the 

learning and novel stage, r(133) = .45, p < .001, learning and novel-with-noise stage, r(133) = .34, p 

< .001 and novel and novel-with-noise stage, r(133) = .67, p < .001 showing that the scores were highly 

consistent across the different stages of CFMT-MY. 

 

Validity  

Convergent validity was measured using Pearson correlation (r). Convergent validity was 

measured by examining the correlation between the CFMT-MY and CFMT-Chinese and between the 

CFMT-MY and CFMT-original. Results showed positive correlation between the scores of CFMT-MY 

and CFMT-Chinese, r(123) = .57, p < .001 and of CFMT-MY and CFMT-original, r(123) = .52, p < .001. 

The difference between the two correlation was further analyzed by comparing the dependent overlapping 

correlations (Diedenhofen & Musch, 2015; Hittner et al., 2003). The test showed that the correlation 

between CFMT-MY and CFMT-Chinese was no different compared to the correlation between CFMT-

MY and CFMT-original (z = 0.7, p = .49). 
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Appendix F: Additional remarks on the sensation of stimulation and participants’ beliefs about 

whether they had received real or sham stimulation in Experiment 3. 

 

Table F 

Additional remarks on the sensation of stimulation. 

Stimulation Additional remarks 

a-tDCS Random electrical pinch on wrist 

 Very slight itch experienced 

 Fatigue (3 participants) 

 I felt a little sleepy half way of watching the video 

 Slightly more alert 

 I had a slight decrease in terms of awareness. Mild dizziness starting only 

towards the end of the video. 

c-tDCS Less focus and face recognition skills reduced 

 Fatigue 

 Feeling a little bit sleepy, but otherwise no difference to usual tiredness 

before bed time 

 Felt fatigue in the middle of the experiment 

 Pin prickling sensation 

Sham stimulation Dizzy 

 Feeling a bit tired and loss of focus after the stimulation 

 Not much sensation from the device but feeling a bit dizzy at the initial 

moment 

 I felt the itching at the beginning and the end, not in the middle 

Note. Remarks provided by 17 participants  
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Table G 

Participants’ beliefs about whether they had received real or placebo stimulation. 

 Number of participants 

Stimulation Real Placebo Not sure 

a-tDCS 21 3 6 

c-tDCS 17 1 12 

Sham stimulation 15 4 11 

Note. Each stimulation group had 30 participants. 
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Appendix G: Results of 2 (CFMT type: own-race vs. other-race) × 2 (session: pre vs. post) × 3 

(simulation group: a-tDCS vs. c-tDCS vs. sham) ANOVA and 2 (CFMT type: own-race vs. other-

race) × 3 (task stage: learn vs. novel vs. novel-with-noise) × 3 (simulation group: a-tDCS vs. c-tDCS 

vs. sham) ANOVA for CFMT performance conducted on accuracy, reaction time and efficiency for 

Experiment 3. 

 

2 (CFMT type: own-race vs. other-race) × 2 (session: pre vs. post) × 3 (simulation group: a-tDCS vs. 

c-tDCS vs. sham) ANOVA for CFMT performance 

A mixed 2 (CFMT type: own-race vs. other-race) × 2 (session: pre vs. post) × 3 (simulation 

group: a-tDCS vs. c-tDCS vs. sham) ANOVA was conducted to examine if there was any difference in 

accuracy between stimulation groups (Figure 3.4). Accuracy reported is in proportion correct. Analysis 

revealed no main effect of stimulation group, F(2, 87) = 1.927, p = .152, ηp
2 = .042, and session, F(1, 87) 

= 3.460, p = .066, ηp
2 = .038, on accuracy. A main effect of CFMT type was found, F(1, 87) = 265.053, p 

< .001, ηp
2 = .753, where own-race face recognition (M = .802, SD = .121) had higher accuracy compared 

to other-race face recognition (M = .669, SD = .107). No significant interaction effect was found between 

stimulation group and CFMT type, F(2, 87) = .538, p = .586, ηp
2 = .012, stimulation group and session, 

F(2, 87) = .458, p = .634, ηp
2 = .010, session and CFMT type, F(1, 87) = .063, p = .802, ηp

2 = 7.232e – 4, 

and stimulation, session and CFMT type, F(2, 87) = 2.688, p = .074, ηp
2 = .058. 

A mixed 2 (CFMT type: own-race vs. other-race) × 2 (session: pre vs. post) × 3 (simulation 

group: a-tDCS vs. c-tDCS vs. sham) ANOVA was also conducted on median reaction time for correct 

trials (Figure 3.4). Analysis revealed no main effect of stimulation group on reaction time, F(2, 87) 

= .525, p = .594, ηp
2 = .012. A significant main effect of session was found, F(1, 87) = 13.570, p < .001, 

ηp
2 = .135, where pre-stimulation (M = 2.284s, SD = .645s) had longer reaction time compared to post-

stimulation (M = 2.157s, SD = .568s) sessions. A main effect of CFMT type was found, F(1, 87) = 

46.122, p < .001, ηp
2 = .346, where own-race face recognition (M = 2.097s, SD = .566) had shorter 

reaction time compared to other-race face recognition (M = 2.344s, SD = .649s). No significant 
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interaction effect was found between stimulation group and CFMT type, F(2, 87) = .217, p = .805, ηp
2 

= .005, stimulation group and session, F(2, 87) = 1.782, p = .174, ηp
2 = .039, session and CFMT type, F(1, 

87) = .613, p = .436, ηp
2 = .007, and stimulation, session and CFMT type, F(2, 87) = .114, p = .893, ηp

2 

= .003. 

A mixed 2 (CFMT type: own-race vs. other-race) × 2 (session: pre vs. post) × 3 (simulation 

group: a-tDCS vs. c-tDCS vs. sham) ANOVA was conducted on RCS (Figure 3.4). Analysis revealed no 

main effect of stimulation group, F(2, 87) = 1.346, p = .266, ηp
2 = .030, and session, F(1, 87) = 3.843, p 

= .053, ηp
2 = .042, on efficiency. A main effect of CFMT type was found, F(1, 87) = 115.738, p < .001, 

ηp
2 = .571, where own-race face recognition (M = .348, SD = .134) had higher efficiency compared to 

other-race face recognition (M = .248, SD = .076). No significant interaction effect was found between 

stimulation group and CFMT type, F(2, 87) = .114, p = .892, ηp
2 = .003, stimulation group and session, 

F(2, 87) = .354, p = .703, ηp
2 = .008, session and CFMT type, F(1, 87) = .475, p = .493, ηp

2 = .005, and 

stimulation, session and CFMT type, F(2, 87) = 1.094, p = .339, ηp
2 = .025. 

 

2 (CFMT type: own-race vs. other-race) × 3 (task stage: learn vs. novel vs. novel-with-noise) × 3 

(simulation group: a-tDCS vs. c-tDCS vs. sham) ANOVA for CFMT performance 

Mixed ANOVA was conducted to examine difference in accuracy and median reaction time for 

correct trials for own- and other-race CFMT task among the stimulation groups (a-tDCS vs. c-tDCS vs. 

sham stimulation). 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. 

 

Accuracy 

A mixed 2 (CFMT type: own-race vs. other-race) × 3 (task stage: learn vs. novel vs. novel-with-

noise) × 3 (simulation group: a-tDCS vs. c-tDCS vs. sham) ANOVA was conducted to examine if there 

was any difference in accuracy between stimulation groups. Accuracy reported is in proportion correct. 

Analysis revealed no main effect of stimulation group on accuracy, F(2, 87) = 1.152, p = .321, ηp
2 = .026. 
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A main effect of CFMT type was found, F(1, 87) = 171.982, p < .001, ηp
2 = .664, where own-race face 

recognition (M = .795, SD = .132) had higher accuracy compared to other-race face recognition (M 

= .660, SD = .121). No significant interaction effect was found between stimulation group and CFMT 

type on accuracy, F(2, 87) = .737, p = .481, ηp
2 = .017.  

A main effect of task stage was found, F(1.562, 135.921) = 389.430, p < .001, ηp
2 = .817. Post-

hoc Holm–Bonferroni test revealed that the learning stage (M = .958, SD = .068) had higher accuracy 

compared to the novel stage (M = .685, SD = .178), p < .001, d = 1.894. The learning stage also had 

higher accuracy compared to the novel-with-noise stage (M = .608, SD = .210), p < .001, d = 2.430. 

Accuracy for novel stage was higher compared to novel-with-noise stage, p < .001, d = .536. No 

significant interaction effect was found between stimulation group and task stage on accuracy, F(4, 174) 

= .846, p = .498, ηp
2 = .019. 

A significant interaction effect was found between CFMT type and task stage on accuracy, F(2, 

174) = 94.308, p < .001, ηp
2 = .520. Simple main effect analysis revealed that scores of the own-race 

CFMT was higher than other-race CFMT in the learning stage (own-race: M = .967, SD = .063, other-

race: M = .949, SD = .071), F(1, 89) = 4.961, p = .028, η2 = .053, novel stage (own-race: M = .743, SD 

= .181, other-race: M = .627, SD = .156), F(1, 89) = 51.356, p < .001, η2 = .366, and novel-with-noise 

stage (own-race: M = .731, SD = .174, other-race: M = .486, SD = .167), F(1, 89) = 262.331, p < .001, η2 

= .747. No significant interaction effect was found between stimulation group, task stage and CFMT type 

on accuracy, F(4, 174) = 1.431, p = .226, ηp
2 = .032. 

 

Reaction time 

A mixed ANOVA was conducted to examine if there were any difference in median reaction time 

for correct trials between stimulation group. Analysis revealed no main effect of stimulation group on 

reaction time, F(2, 87) = .953, p = .390, ηp
2 = .021. A main effect of CFMT type was found, F(1, 87) = 

47.650, p < .001, ηp
2 = .354, where own-race face recognition (M = 2.046s, SD = .561s) had shorter 

reaction time compared to other-race face recognition (M = 2.269s, SD = .630s). No significant 
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interaction effect was found between stimulation group and CFMT type on reaction time, F(2, 87) = .036, 

p = .964, ηp
2 = .001.  

A main effect of task stage was found, F(1.659, 144.348) = 98.913, p < .001, ηp
2 = .532. Post-hoc 

test revealed that the learning stage (M = 1.639s, SD = .488s) had shorter reaction time compared to the 

novel stage (M = 2.534s, SD = .849s), p < .001, d = 1.275. The learning stage also had shorter reaction 

time compared to the novel-with-noise stage (M = 2.547s, SD = 1.120s), p < .001, d = 1.293. No 

difference was found in reaction time for novel and novel-with-noise stage, p = .867, d = .018. No 

significant interaction effect was found between stimulation group and task stage on reaction time, F(4, 

174) = 1.415, p = .231, ηp
2 = .032. 

A significant interaction effect was found between CFMT type and task stage on reaction time, 

F(1.678, 145.977) = 4.823, p = .014, ηp
2 = .053. Simple main effect analysis revealed that reaction time of 

the own-race CFMT was shorter than other-race CFMT in the learning stage (own-race: M = 1.545s, SD 

= .439s, other-race: M = 1.732s, SD = .517s), F(1, 89) = 28.026, p < .001, η2 = .239, novel stage (own-

race: M = 2.396s, SD = .861s, other-race: M = 2.672s, SD = .819s), F(1, 89) = 19.618, p < .001, η2 = .181, 

and novel-with-noise stage (own-race: M = 2.307s, SD = .803s, other-race: M = 2.786s, SD = 1.328s), 

F(1, 89) = 22.830, p < .001, η2 = .204. No significant interaction effect was found between stimulation 

group, task stage and CFMT type on reaction time, F(4, 174) = .384, p = .820, ηp
2 = .009. 

 

Efficiency 

A mixed ANOVA was conducted to examine if there were any difference in efficiency between 

stimulation group. Analysis revealed no main effect of stimulation group, F(2, 87) = .778, p = .462, ηp
2 

= .018. A main effect of CFMT type was found, F(1, 87) = 118.325, p < .001, ηp
2 = .576, where own-race 

face recognition (M = .408, SD = .213) had higher efficiency compared to other-race face recognition (M 

= .308, SD = .190). No significant interaction effect was found between stimulation group and CFMT 

type, F(2, 87) = .301, p = .741, ηp
2 = .007.  
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A main effect of task stage was found, F(1.324, 115.174) = 644.304, p < .001, ηp
2 = .881. Post-

hoc test revealed that the learning stage (M = .568, SD = .175) had higher efficiency compared to the 

novel stage (M = .261, SD = .121), p < .001, d = 2.263. The learning stage also had higher efficiency 

compared to the novel-with-noise stage (M = .244, SD = .132), p < .001, d = 2.394. No difference was 

found in efficiency for novel and novel-with-noise stage, p = .083, d = .131. No significant interaction 

effect was found between stimulation group and task stage, F(2.648, 115.174) = 1.071, p = .359, ηp
2 

= .024. 

A significant interaction effect was found between CFMT type and task stage on efficiency, 

F(1.513, 131.639) = 6.719, p = .004, ηp
2 = .072. Simple main effect analysis revealed that efficiency of 

the own-race CFMT was higher than other-race CFMT in the learning stage (own-race: M = .613, SD 

= .186, other-race: M = .523, SD = .150), F(1, 89) = 38.622, p < .001, η2 = .303, novel stage (own-race: M 

= .301, SD = .138, other-race: M = .222, SD = .085), F(1, 89) = 44.529, p < .001, η2 = .333, and novel-

with-noise stage (own-race: M = .309, SD = .137, other-race: M = .178, SD = .087), F(1, 89) = 128.817, p 

< .001, η2 = .591. No significant interaction effect was found between stimulation group, task stage and 

CFMT type, F(3.026, 131.639) = 2.002, p = .116, ηp
2 = .044. 
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Appendix H: A comparison of hit rates (in the high variability condition) and correct rejections for 

Chinese stimuli and Caucasian stimuli for Chinese Malaysian participants in Experiment 4b. 

 

Paired samples t-test revealed that in the high variability condition, Chinese Malaysian 

participants had similar hit rates for Chinese stimuli (M = 0.730, SD = 0.170) and Caucasian stimuli (M = 

0.707, SD = 0.191), t(94) = 1.244, p = .217, d = .128. However, Chinese Malaysian participants showed 

higher correct rejections for Chinese stimuli (M = 0.816, SD = 0.766) than Caucasian stimuli (M = 0.766, 

SD = 0.143), t(94) = 3.954, p < .001, d = .406. 
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Appendix I: Statements in the Autism Spectrum Quotient - 10 items (AQ-10). 

 

1. I often notice small sounds when others do not. 

2. I usually concentrate more on the whole picture, rather than on the small 

3. I find it easy to do more than one thing at once. 

4. If there is an interruption, I can switch back to what I was doing very quickly. 

5. I find it easy to 'read between the lines' when someone is talking to me. 

6. I know how to tell if someone listening to me is getting bored. 

7. When I'm reading a story, I find it difficult to work out the characters' intentions. 

8. I like to collect information about categories of things (e.g., types of cars, birds, trains, plants). 

9. I find it easy to work out what someone is thinking or feeling just by looking at their face. 

10. I find it difficult to work out people's intentions. 

 

 

 

 

 


