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How expertise and motivation affect the recognition of own- and other-race faces: 

Behavioural and electrophysiological evidence 

Simone C. Tüttenberg 

Humans have difficulties recognising other-race faces, and this own-race bias (ORB) 

has been explained in terms of either reduced perceptual expertise with other-race 

faces or socio-cognitive and motivational factors, such as categorisation of other-race 

faces into social out-groups. The aim of this thesis was to investigate the role of these 

factors to the ORB using behavioural and event-related brain potential (ERP) 

measures. First, it was investigated whether increasing motivation to individuate other-

race faces can reduce or even eliminate the ORB in recognition memory. Chapter 2 

revealed that a modulation of face memory by motivational factors is possible, but 

restricted to face categories for which participants have acquired expertise. In Chapter 

3, instructions to individuate and closely attend to other-race faces during learning 

reduced the ORB, but ERPs recorded during encoding indicated that additional effort 

was required to overcome difficulties associated with other-race face recognition. 

Second, it was examined whether own- and other-race faces are learnt equally well 

from highly variable images in paradigms that encourage individuation of own- and 

other-race identities. Chapter 4 revealed better learning for own- relative to other-race 

identities, and only extensive other-race contact eliminated this own-race advantage. In 

Chapter 5, ERP results indicated that the own-race advantage in identity learning 

resulted from facilitated processing of own-race faces at an early perceptual level. In 

sum, the present research suggests that the ORB is mainly driven by differential 

perceptual expertise. However, motivational factors can modulate the effect when 

participants have acquired sufficient expertise with a given face category and thus the 

present results offer novel insights into how expertise and motivation interact.
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face recognition memory and, as already proposed by Feingold (1914), interpreted 

this finding to reflect differential experience with people from different ethnic 

groups. Since then, the ORB has been replicated numerous times, in different 

samples and with stimuli from various ethnicities. For example, the ORB has been 

investigated with Caucasian and (East) Asian faces in Caucasian and/or (East) Asian 

participants in different countries, such as Germany, Belgium, Australia, and China 

(e.g., Herzmann, Willenbockel, Tanaka, & Curran, 2011; Michel, Caldara, & 

Rossion, 2006; Michel, Rossion, Han, Chung, & Caldara, 2006; Tanaka, Kiefer, & 

Bukach, 2004; Wan, Crookes, Reynolds, Irons, & McKone, 2015; Wiese, Kaufmann, 

& Schweinberger, 2014; Zhao, Hayward, & Bülthoff, 2014); with Caucasian and 

Egyptian faces in Caucasian and Egyptian participants (e.g., Megreya, White, & 

Burton, 2011); with Israeli and East Asian faces in Israeli and East Asian participants 

(e.g., Zhao & Bentin, 2008); with Black and White faces in White participants (e.g., 

Ackerman et al., 2006; Hehman, Stanley, Gaertner, & Simons, 2011; Ito, Thompson, 

& Cacioppo, 2004; Meissner, Brigham, & Butz, 2005; Shriver, Young, Hugenberg, 

Bernstein, & Lanter, 2008); or with Black and White South African faces in Black 

and White South African participants (e.g., Chiroro, Tredoux, Radaelli, & Meissner, 

2008). The ORB has also been confirmed in a number of review articles and meta-

analyses (e.g., Anthony, Copper, & Mullen, 1992; Bothwell, Brigham, & Malpass, 

1989; Chance & Goldstein, 1996; Meissner & Brigham, 2001; Shapiro & Penrod, 

1986). The most recent and comprehensive one (Meissner & Brigham, 2001) 

included roughly 40 research articles with more than 90 independent samples and 

nearly 5,000 participants and suggests that the ORB is a robust and consistent 

finding. 
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1.2 Theoretical accounts of the ORB 

Over the past 50 years, different theoretical accounts have been put forward 

to explain the ORB. At their core, these approaches either emphasise long-term 

perceptual expertise with a given class of faces or, alternatively, stress the 

importance of socio-cognitive and motivational aspects. Some exemplary accounts of 

the ORB along with supporting evidence are discussed below. A more expansive 

overview of the potential mechanisms underlying the ORB can be found in Meissner 

and Brigham (2001).  

 

1.2.1 Perceptual expertise accounts 

Perceptual expertise accounts are based on the fundamental idea that face 

processing is optimised for the faces we have encountered throughout our lifetime 

(e.g., Chiroro & Valentine, 1995). Given that most people live in ethnically 

homogenous environments and have only limited contact with people from different 

ethnic groups, face processing is often finely tuned to own-race faces. Perceptual 

expertise accounts either highlight difficulties during the perceptual processing of 

other-race faces or assume that these faces are represented less well in memory. 

 

Processing accounts 

Other-race faces are often considered to be processed less efficiently at a 

perceptual, i.e., configural and/or holistic, level which may impair subsequent 

recognition of other-race faces (e.g., Hayward, Crookes, & Rhodes, 2013; Hayward, 

Rhodes, & Schwaninger, 2008; Mondloch et al., 2010; Rhodes, Brake, Taylor, & 

Tan, 1989; Rhodes, Ewing, et al., 2009; Rhodes, Hayward, & Winkler, 2006; but see 
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Zhao et al., 2014). Configural and holistic processing reflect the ability of the visual 

system to process the metric differences between face features (e.g., mouth, nose, 

eyes) and their integration into a Gestalt-like representation (Maurer, Le Grand, & 

Mondloch, 2002).  

One of the findings taken to support reduced configural/holistic processing is 

that other-race faces are less affected by inversion than own-race faces (Hancock & 

Rhodes, 2008; Rhodes et al., 1989; Sangrigoli & de Schonen, 2004; but see 

Valentine & Bruce, 1986). Face inversion (a picture-plane rotation by 180° resulting 

in faces being presented upside-down; Yin, 1969) is thought to disrupt configural 

and/or holistic processes, and reduced inversion effects for other-race faces have 

been interpreted to indicate less configural/holistic processing for other-race faces. 

However, inversion effects have been criticised for providing a rather indirect 

measure of configural processing as the configuration of the face itself remains 

unaltered (see e.g., Hayward et al., 2013; Michel, Caldara, et al., 2006). 

Two commonly employed tasks to more directly measure holistic processing 

are the composite face task (Young, Hellawell, & Hay, 1987) and the part whole task 

(Tanaka & Farah, 1993). In the original version of the former (Young et al., 1987), 

participants are required to identify a familiar person from the top (or bottom) half of 

a face that is either aligned (i.e., creating a so-called composite face) or misaligned 

(i.e., lower half is slightly offset horizontally to the left or right) with the bottom (or 

top) half of a different face. The identification of a face is impaired in the aligned 

compared to the misaligned condition. Hole (1994) introduced a different version of 

the composite face task, in which participants complete a delayed matching task and 

have to decide whether the upper halves of two faces presented in succession are 

identical or not, which, unlike the version by Young et al. (1987), can also be applied 
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Moreover, extensive experience with other-race faces has been shown to 

improve recognition memory for this face category. For instance, Asian children that 

were adopted by European families at an early age show no or even a reversed ORB 

(de Heering, de Liedekerke, Deboni, & Rossion, 2010; Sangrigoli, Pallier, Argenti, 

Ventureyra, & de Schonen, 2005).  

More recent evidence for a perceptual expertise-based account of the ORB 

comes from studies showing difficulties with other-race faces at a perceptual level, 

for example when identity has to be established across multiple, highly variable 

images (e.g., Laurence, Zhou, & Mondloch, 2016; Yan, Andrews, Jenkins, & Young, 

2016). Difficulties with other-race faces are also apparent in learning paradigms 

where participants are trained with a subset of images and later on have to recognise 

these faces from previously unseen images (e.g., Hayward, Favelle, Oxner, Chu, & 

Lam, 2017; Zhou, Matthews, Baker, & Mondloch, 2018). These paradigms and 

findings will be described in more detail below. 

 

1.2.2 Socio-cognitive accounts 

Socio-cognitive theories assume that faces are initially categorised as 

belonging to a social in- or out-group, for example, but not exclusively, with respect 

to race. This categorisation then decides about how these faces are subsequently 

processed. 

 

Race-feature hypothesis 

Levin (1996, 2000) proposed that the ORB results from the selection of race-

specifying information in other-race faces. More specifically, once a feature is 
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faces were categorised as other-race faces (Michel, Corneille, & Rossion, 2007, 

2010). 

Further support for socio-cognitive accounts comes from studies showing that 

the ORB can be eliminated when participants are informed about the ORB prior to 

taking part in the experiment, and are additionally asked to put more effort into 

individuating other-race faces and to attend to individuating features in them 

(Hugenberg et al., 2007; Rhodes, Locke, Ewing, & Evangelista, 2009; Young et al., 

2010; Young & Hugenberg, 2012). This suggests that the ORB results from a failure 

to encode other-race faces in sufficient detail, and that explicitly instructing 

participants to focus on other-race faces during learning encourages individuation of 

other-race faces, which improves recognition for this face category.  

In addition, own- and other-race face recognition can be modulated by social 

group membership and social context. For example, Shriver and colleagues found 

that own-race faces categorised as belonging to a social out-group (i.e., putatively 

attending a different university) are recognised less well than own-race faces 

perceived as in-group (Shriver et al., 2008). Furthermore, middle-class participants 

showed reduced recognition of own-race faces presented on impoverished 

backgrounds indicative of a socio-economic out-group compared to own-race faces 

presented on backgrounds that imply wealth (Shriver et al., 2008). Moreover, a 

significant increase in other-race face recognition has been reported when these are 

perceived as threatening, which substantially reduced the ORB (Ackerman et al., 

2006; Shriver & Hugenberg, 2010). 

Of note, while many of these findings support a socio-cognitive explanation 

of the ORB more generally, the findings discussed in the previous two paragraphs 

specifically support the CIM (Hugenberg et al., 2010) as they show that the default 
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processing of own- and other-race faces can be overridden by situational cues and/or 

perceiver motives. On the one hand, the default processing of own-race faces at a 

detailed, individuating level can be superseded when situational aspects or some 

other cue are perceived to be incongruent with the in-group status (Shriver et al., 

2008). On the other hand, when contextual aspects and/or perceiver motives suggest 

that other-race faces may be important or relevant (Ackerman et al., 2006; 

Hugenberg et al., 2007; Shriver & Hugenberg, 2010), this may encourage 

participants to individuate them, thereby increasing recognition memory for other-

race faces. 

 

1.2.3 Towards a dual-route approach of the ORB 

 The perceptual expertise accounts of the ORB outlined above have been 

discussed somewhat critically. By contrast, a comparable discussion has not been 

undertaken for the exemplary socio-cognitive models. However, this is not to say 

that these models have not been criticised. In fact, some of the findings and/or 

interpretations described in the previous section were not confirmed by other 

researchers who used highly similar, if not identical, designs (own-group bias: Short 

& Mondloch, 2010; no ORB when faces are grouped according to university 

affiliation: Kloth, Shields, & Rhodes, 2014; stronger holistic processing of social in-

group faces: Sadozai, Kempen, Tredoux, & Robbins, 2018; individuating instructions 

eliminate ORB: Bornstein et al., 2013; Rhodes et al., 2009; Tullis et al., 2014; Wan 

et al., 2015; no ORB for angry faces: Gwinn, Barden, & Judd, 2015). On the whole, 

these findings provide limited evidence for a socio-cognitive or motivational account 

of the ORB and are more in line with a perceptual expertise account. 
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 While the CIM was the first model to acknowledge that the ORB might be 

driven by both socio-cognitive and expertise-related factors, it, as discussed above, is 

arguably still predominantly socio-cognitive or motivational in nature. More 

recently, Wan et al. (2015) have proposed a dual-route approach whereby both 

expertise and motivation may contribute to the ORB. Importantly, the relative 

contribution of expertise and motivation is thought to depend on the cultural setting 

in which the ORB is investigated. Specifically, the authors observed a strong ORB in 

Australia testing White Australian and Asian participants and concluded that in this 

setting, the ORB was unaffected by motivation and resulted entirely from differential 

expertise. This is contrary to what is often found in the US when African American 

and European American participants are tested, and where the ORB is predominantly 

driven by socio-cognitive factors. The authors argued that depending on the setting in 

which it is investigated (most directly with respect to the socio-economic status of 

the racial groups), the ORB can have different causes. More generally, Wan et al. 

(2015) suggest that models that rely on a single mechanism (e.g., Levin, 1996; 2000; 

Sporer, 2001) may be oversimplified and may not fully capture the problem of other-

race face recognition. At the same time, although the idea put forward by Wan et al. 

(2015) seems to be a fruitful approach to understanding the ORB and may, at least in 

part, reconcile discrepant findings, more research is clearly needed to more fully 

understand the contribution of both expertise and motivational or attentional factors 

in a respective cultural setting. 

 

1.3 Unfamiliar face recognition 

The ORB is most commonly investigated in old/new recognition memory 

paradigms in which participants are required to learn images of unfamiliar own- and 
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low, when both images of the target were similar with respect to viewpoint and 

expression but dropped when a change in expression and, in particular, viewpoint 

was introduced. Error rates remain high in pairwise matching tasks where 

participants have to decide whether two simultaneously presented images are two 

different images of the same person or of two different people (Burton, White, & 

McNeill, 2010; Megreya & Burton, 2006, 2007). Moreover, performance did not 

improve when a photograph had to be matched to a live target rather than another 

photograph (Megreya & Burton, 2008). Importantly, these findings held in a series of 

experiments where mismatch trials occurred only occasionally, which arguably more 

closely resembles the very infrequently occurring mismatches in real life scenarios 

(Bindemann, Avetisyan, & Blackwell, 2010). The high error rates observed in 

unfamiliar face matching are particularly striking considering that these poor levels 

of performance arise when decisions have to be made for simultaneously presented 

images. In addition, the images collected for the experiments discussed above were 

almost always taken on the same day, and there is evidence that unfamiliar face 

matching performance is further reduced when images were taken approximately 1.5 

years apart (Megreya, Sandford, & Burton, 2013). 

While most of these studies use designs that more or less mirror identification 

that is required in applied settings (e.g., line-ups, passport control), similarly high 

error rates have also been observed in studies conducted in real environments. For 

instance, Kemp, Towell, and Pike (1997) found that cashiers who worked in a 

supermarket made a substantial amount of errors (around 30%) when having to 

verify whether photo-ID cards presented by the shopper indeed show this person. 

Even more strikingly, people who are trained to perform identity checks, such as 

police or passport officers, often do not perform better than student samples (Burton, 
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averages in human participants). In addition, individual images are matched more 

accurately to an average than to another individual image, a finding reported for both 

unfamiliar and familiar faces (White, Burton, et al., 2014). However, these authors 

observed that, compared to matching an individual image to an average, higher 

matching performance was obtained when an individual image had to be matched to 

an array consisting of five individual images of a given person. This suggests that 

information about the variability of a given face may also be important and that 

averages can only provide very limited information with regard to within-person 

variability (see e.g., Burton, Kramer, Ritchie, & Jenkins, 2016; Jenkins & Burton, 

2011). 

More recently, researchers have begun to incorporate rather than to eliminate 

within-person variability which has been argued to be fundamental to familiar face 

recognition and face learning (Burton, 2013; for computational approaches, see 

Burton et al., 2016; Kramer, Young, & Burton, 2018). Andrews and colleagues 

showed that exposing participants to within-person variability leads to the acquisition 

of image-independent representations for these faces in memory (Andrews, Burton, 

Schweinberger, & Wiese, 2017; Andrews et al., 2015). In these studies, participants 

again had to sort ambient images according to identity. However, this time 

participants were informed that only two identities were present in the card set, 

which improved performance substantially. More importantly, this variant of the 

sorting task seems to lead to incidental learning of the faces presented during sorting, 

because it encourages participants to learn that the same person can look very 

different in different images. Specifically, in a subsequent matching task, previously 

unseen images of the identities seen during the sorting task were matched more 

accurately than images of unfamiliar identities, suggesting that representations have 
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been formed in the course of sorting that can facilitate performance with these faces 

on a subsequent task, independent of the pictures used during incidental learning 

(Andrews et al., 2015). In addition, learning identities from a highly variable set has 

been shown to facilitate face learning to a greater extent than when identities are 

learnt from less variable sets (Liu, Chen, & Ward, 2015; Murphy, Ipser, Gaigg, & 

Cook, 2015; Ritchie & Burton, 2017), suggesting that exposure to variability may be 

a key factor in learning faces (see also Kramer, Jenkins, Young, & Burton, 2017). 

 

1.3.4 Differences between own- and other-race faces 

As detailed in the previous paragraphs, variability between images of an 

unfamiliar face can have a detrimental effect on performance. As a result, different 

pictures of unfamiliar faces are matched less accurately and recognised less well than 

pictures of familiar faces. More recently, it has been shown that these difficulties are 

even more pronounced for unfamiliar other-race faces. First, other-race faces are 

matched less accurately than own-race faces (Kokje, Bindemann, & Megreya, 2018; 

Megreya & Bindemann, 2009; Megreya et al., 2011). Second, when participants are 

required to sort multiple ambient images of two faces into as many piles as they 

perceive identities, they perceive even more other- than own-race identities 

(Laurence et al., 2016; Yan et al., 2016; Zhou & Mondloch, 2016). These studies 

clearly show that within-person variability has an even stronger negative effect on 

the perception of identity in other-race faces.  

More recently, researchers have started to investigate own- and other-race 

face learning. Initial evidence for image-independent other-race face learning was 

provided by Matthews and Mondloch (2018) who showed that participants were able 

to learn other-race identities after receiving extensive training that included multiple 
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images. A similar benefit for own-race face learning was also demonstrated by Zhou 

and colleagues (Zhou et al., 2018; see also Baker, Laurence, & Mondloch, 2017). 

Here, Caucasian participants learned Caucasian and East Asian faces from a single 

image, a low-variability or a high-variability video, and afterwards had to recognise 

these faces from new instances. The authors observed a general benefit of variability 

during learning which promoted subsequent recognition. However, a higher degree 

of variability was required to learn other- than own-race faces, suggesting higher 

efficiency to use variability in own- relative to other-race identities. 

From a theoretical perspective, increased difficulties with perceiving image-

independent identity of other-race faces are typically considered to reflect reduced 

perceptual expertise with the other-race category. In other words, reduced perceptual 

expertise with other-race faces not only impairs recognition of these faces but also 

our ability to perceive identity across different images of a given face. In line with 

this suggestion, Short and Wagler (2017) did not observe differences in performance 

in a sorting task when the faces belonged to social in- or out-groups but did not differ 

with respect to expertise. Similarly, the findings that other-race identities are less 

well learnt are also in line with perceptual expertise accounts. Learning paradigms 

arguably encourage individuation of both own- and other-race identities as they 

emphasise that the identity of all faces is important and emphasise the integration of 

different images into an abstract representation independent of stimulus ethnicity. In 

addition, it has been argued that such learning paradigms more closely resemble the 

challenge of other-race faces in real life where a given person may look quite 

different across different encounters (see e.g., Hayward et al., 2017). Thus, this 

research may represent an important step towards understanding how own- and 

other-race identities are learnt in real life. However, as this area of research has only 
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1.4.1 N170 

The first face-sensitive ERP component is the N170, a negative deflection 

peaking approximately 170 ms after stimulus onset at occipito-temporal electrode 

sites (see Figure 1.2). N170 is generally found to be more negative for faces than for 

any other class of objects (Bentin, Allison, Puce, Perez, & McCarthy, 1996). 

Moreover, N170 is typically unaffected by familiarity, i.e., its amplitude is similar 

for familiar and unfamiliar faces (Bentin & Deouell, 2000; Eimer, 2000a; 

Schweinberger, Pfütze, & Sommer, 1995; Zimmermann & Eimer, 2013, 2014). 

These findings have led to suggestions that N170 reflects processes that precede the 

identification of a face at the individual level. In particular, N170 has been 

interpreted as a marker of structural encoding of faces or the detection of a face-like 

pattern (Eimer, 2000b; Eimer, 2011). At some variance with the idea that N170 is 

insensitive to familiarity, N170 has sometimes been found to be reduced for 

immediate face repetitions (e.g., Caharel, d'Arripe, Ramon, Jacques, & Rossion, 

2009). However, these identity adaptation effects within the N170 time range are 

comparatively small and only observed for relatively minor changes between adapter 

and test stimulus (Caharel, Collet, & Rossion, 2015; Herzmann, Schweinberger, 

Sommer, & Jentzsch, 2004; Jacques & Rossion, 2007). It has therefore been 

suggested that these somewhat transient adaptation effects are mediated by pictorial 

rather than structural codes (for a more detailed discussion of adaptation effects 

within the N170 time range, see Schweinberger & Neumann, 2016). 
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Figure 1.2 Illustration of perceptual ERP components. Data show N170, P2, and 
N250 ERP components for Caucasian and East Asian faces in Caucasian participants 
recorded during the learning phase of an old/new recognition memory experiment. 
Dotted lines denote exemplary time ranges selected for calculation of mean 
amplitudes for N170, P2, and N250 components. 

 

N170 is often more negative for other- when compared to own-race faces 

(e.g., Balas & Nelson, 2010; Caharel et al., 2011; Cassidy, Boutsen, Humphreys, & 

Quinn, 2014; Gajewski, Schlegel, & Stoerig, 2008; Herrmann et al., 2007; 

Herzmann, Minor, & Curran, 2018; Stahl, Wiese, & Schweinberger, 2010; Wiese, 

2012; Wiese et al., 2014; Wiese & Schweinberger, 2018), which has been interpreted 

to reflect more effortful structural processing of other-race faces. However, some 

studies did not find ethnicity effects within the N170 time range (e.g., Caldara, 

Rossion, Bovet, & Hauert, 2004; Herzmann et al., 2011; Ito et al., 2004; Wiese, 

Stahl, & Schweinberger, 2009). These differential findings may, at least to a certain 

extent, reflect differential task demands. Specifically, N170 ethnicity effects are 

typically observed when identity information is task-relevant, but absent when the 

face stimuli are not task-relevant (Senholzi & Ito, 2013; Wiese, 2013). 
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Porterfield, & Collins, 2006). More negative N250 components have also been 

observed for immediate face repetitions compared to when a face is preceded by a 

different face, the so-called N250r (r for repetition; Begleiter, Porjesz, & Wang, 

1995; Schweinberger, Huddy, & Burton, 2004; Schweinberger et al., 1995). For 

familiar faces, this N250r is also observed, albeit reduced in amplitude, for 

repetitions across different images (e.g., Bindemann, Burton, Leuthold, & 

Schweinberger, 2008; Schweinberger, Pickering, Jentzsch, Burton, & Kaufmann, 

2002). These findings suggest that the N250/N250r reflects access to perceptual face 

representations. More negative N250 amplitudes have also been reported for other- 

relative to own-race faces (Herzmann et al., 2011; Herzmann et al., 2018; Stahl et al., 

2010; Wiese et al., 2014; Wiese & Schweinberger, 2018), which has been interpreted 

to reflect more effortful processing of other-race faces when these have to be 

processed at an individual level (Herzmann, 2016).  

The N250 component is also associated with face learning and more negative 

N250 components have been found in response to recently learnt when compared to 

unfamiliar faces (e.g., Tanaka et al., 2006). Whereas Tanaka et al. (2006) used 

identical images at learning and test, N250 learning effects have also been obtained 

across different images of the respective faces (Kaufmann, Schweinberger, & 

Burton, 2009). This suggests that training may have encouraged the development of 

an FRU-like face representation that is, to some extent, image-independent and can 

accommodate previously unseen instances of recently learnt faces. N250 learning 

effects reported by Kaufmann et al. (2009) were found to peak slightly later and were 

observed at longer lags compared to the N250/N250r effects described above. This 

may suggest that representations for newly learnt faces require more time to be 

accessed than those for highly familiar or very recently presented faces.  
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Tanaka and Pierce (2009) observed increased N250 amplitudes after 

Caucasian participants received extensive training to individuate African American 

or Hispanic faces. In contrast, a comparable effect was absent when participants had 

to categorise these faces according to race. This suggests that individuation training 

can overcome the recognition deficit for other-race faces and elicit neural responses 

associated with familiar face recognition (Tanaka & Pierce, 2009). However, this 

study again used identical images during learning and test. Thus, it remains possible 

that learning effects observed in this study reflect the learning of a particular image 

set rather than actual face learning that is independent of a specific image set. 

The first ERP study to investigate face learning from highly variable images 

was conducted by Andrews et al. (2017). Participants first completed a sorting task 

where multiple, ambient images of two identities had to be sorted into separate 

identity piles. Subsequently, these images elicited more negative N250 amplitudes 

than faces of previously unseen identities. More importantly, highly similar N250 

learning effects were also observed for previously unseen images of the learnt 

identities, which were indistinguishable from those found for the image set presented 

during sorting. This suggests that representations for recently learnt faces are 

sufficiently robust or image-independent to incorporate new images. While this study 

provides a neural correlate for image-independent face learning, it remains to be 

addressed whether own- and other-race faces are learnt similarly efficiently from 

highly variable images. 

 

1.4.4 Encoding-related ERPs 

While the ERP components described in the previous sections reflect 

perceptual face processing or the establishment of perceptual face representations in 
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insights into the neural processing of own- and other-race faces. Each part of this 

thesis starts off with a set of behavioural experiments (Chapters 2 and 4) aimed at 

closely investigating the differences between own- and other-race faces with a given 

paradigm and, at least to some extent, at replicating these findings to increase 

confidence in the results. In a further step, ERP experiments investigate the neural 

correlates underlying these effects (Chapters 3 and 5). 

The first two chapters examine whether increasing motivation to individuate 

can attenuate the ORB. In Chapter 2, five behavioural experiments are reported that 

investigate the extent to which intentional and motivational aspects can modulate the 

ORB as well as potentially related memory biases (i.e., own-group bias, own-gender 

bias) that arguably cannot be explained in terms of differential perceptual expertise. 

To this end, directed forgetting (Bjork, 1970), a well-established paradigm in the 

memory literature, was applied to various in- and out-group faces. These experiments 

reveal that a modulation of face memory by the intention to remember or forget is 

possible, but restricted to face categories for which we have acquired a substantial 

amount of expertise. 

In a further step, Chapter 3 investigates whether explicitly informing 

participants about the ORB and instructing them to pay particular attention to other-

race faces during learning can eliminate the effect (Hugenberg et al., 2007). Here, a 

particular interest was whether these individuating instructions modulate the ERP 

Dm effect, where neural activity during learning is compared for items subsequently 

remembered and items subsequently forgotten. The results show that individuating 

instructions attenuated the ORB in recognition memory and also resulted in 

significantly larger ERP Dm effects for other-race faces. These findings are generally 

in line with socio-cognitive accounts, as they suggest that participants are able to 
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individuate other-race faces when instructed to do so, which in turn reduces the 

ORB. At the same time, ERP findings suggest that successful learning of other-race 

faces may require additional effort and thus, factors other than reduced motivation to 

individuate other-race faces likely contribute to the ORB in this experiment. 

Chapters 4 and 5 investigate whether own- and other-race facial identities can 

be learnt equally well from highly variable photographs. Participants initially sorted 

multiple images of two own- and two other-race identities into separate identity 

clusters and subsequently were required to recognise these identities from previously 

unseen images. In Chapter 4, across two experiments, Caucasian participants show a 

clear own-race advantage in face learning while East Asian participants with 

substantial other-race contact show comparable identity learning for own- and other-

race faces.  

A further experiment (Chapter 5) investigates the neural basis of this effect. 

ERP results reveal that, compared to other-race faces, learnt own-race identities were 

processed more efficiently at a perceptual level, as indicated by more negative N170 

components and less positive P2 components for learnt compared to previously 

unseen faces. The N250, a component consistently associated with face learning, was 

more negative for learnt relative to novel faces irrespective of ethnicity, but also 

more negative for other-race faces overall, which may suggest more effortful 

processing of other-race faces. 

These experiments suggest that the ORB is primarily driven by differential 

perceptual expertise, but that socio-cognitive and motivational factors can, under 

certain circumstances, modulate the effect. For participants without extensive 

experience with other-race faces, the ORB mainly results from their reduced 

expertise with the other-race face category and a modulation of the effect by 
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motivational factors is only possible to some extent. However, when participants 

have acquired substantial expertise with the other-race face category, increased 

motivation to individuate can eliminate the ORB. 
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2 Directed forgetting of own- and other-race faces 

People are better at remembering faces of their own relative to another ethnic group. 

This so-called own-race bias (ORB) has been explained in terms of differential 

perceptual expertise for own- and other-race faces or, alternatively, as resulting from 

socio-cognitive factors. To directly test predictions derived from these accounts, we 

examined item-method directed forgetting (DF), a paradigm sensitive to an 

intentional modulation of memory, for faces belonging to different ethnic and social 

groups. In a series of five experiments, participants during learning received cues 

following each face to either remember or forget the item, but at test were required to 

recognise all items irrespective of instruction. In Experiments 1 and 5, Caucasian 

participants showed DF for own-race faces only while, in Experiment 2, East Asian 

participants with considerable expertise for Caucasian faces demonstrated DF for 

own- and other-race faces. Experiments 3 and 4 found clear DF for social in- and 

out-group faces. Contrary to recent socio-cognitive models of the ORB, our results 

suggest that a modulation of face memory by motivational processes is limited to 

faces with which we have acquired perceptual expertise. Thus, motivation alone is 

not sufficient to modulate memory for other-race faces and cannot fully explain the 

ORB. 
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2.1 Intr oduction 

Humans demonstrate remarkable performance recognising faces every single 

day. However, this high level of accuracy does not apply equally to all classes of 

faces. Of particular interest for the present study, people are usually better at 

remembering faces of their own relative to a different ethnic group (for a review, see 

Meissner & Brigham, 2001). This so-called own-race bias (ORB; or other-race 

effect) is a robust and well-established finding. Failing to correctly recognise an 

individual can not only negatively impact social interactions, but becomes even more 

critical in legal contexts where erroneous eyewitness testimonies can lead to 

wrongful convictions. Given the ORB, such misidentifications appear more likely for 

other- relative to own-race faces. However, while these applied problems stress the 

relevance of research on the ORB, the exact mechanisms underlying the 

phenomenon are still subject to considerable debate.  

A first class of theoretical explanations for the ORB focuses on perceptual 

expertise. These accounts assume that face recognition is optimised for those faces 

we most regularly encounter, which happen to be own-race faces for most people. On 

the one hand, reduced contact and the resulting lack of experience with other-race 

faces has been suggested to result in less efficient perceptual, e.g., configural or 

holistic processing (Hayward, Crookes, & Rhodes, 2013; Michel, Rossion, Han, 

Chung, & Caldara, 2006; Tanaka, Kiefer, & Bukach, 2004). On the other hand, 

representational accounts propose that the multidimensional face-space (MDFS, 

Valentine, 1991), a psychological space in which individual faces are coded along 

multiple dimensions, develops through perceptual learning over the lifespan. The 

dimensions are therefore fine-tuned to optimally distinguish between those faces we 

encounter most often (i.e., own-race faces), but are not optimal to represent and 
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cognitive accounts posit that perceivers are not motivated to individuate other-race 

faces, but given sufficient motivation would be well able to do so.  

In support of the latter suggestion, the ORB has been reported to be absent for 

faces depicting high-power (Shriver & Hugenberg, 2010) and angry individuals 

(Ackerman et al., 2006). In addition, individuating instructions can eliminate the 

ORB (Hugenberg et al., 2007; Rhodes, Locke, Ewing, & Evangelista, 2009; Young 

et al., 2010). In these studies, participants are informed about the ORB prior to taking 

part in the experiment. Additionally, they are asked to pay more attention to other-

race faces to overcome the ORB and instructed to focus on individuating features in 

other-race faces. Interestingly, such effects of individuating instructions seem to 

depend on expertise. Accordingly, two recent studies (Pica, Warren, Ross, & Kehn, 

2015; Young & Hugenberg, 2012) reported stronger reduction of the ORB following 

individuation instructions in participants with high levels of interracial contact. These 

results can be explained in terms of the CIM (Hugenberg et al., 2010) if one assumes 

that participants with more other-race contact are also more motivated to individuate 

other-race faces (and therefore enhanced expertise can become effective). However, 

it has to be noted that some studies have failed to replicate instruction effects (Tullis, 

Benjamin, & Liu, 2014; Wan, Crookes, Reynolds, Irons, & McKone, 2015). 

Similarly, a recent paper by Crookes and Rhodes (2017) found that increased 

motivation and effort to individuate other-race faces does not necessarily improve 

other-race face recognition. 

Further support for a socio-motivational contribution to the ORB comes from 

studies in which the ORB is modulated by a second purely social category which is 

orthogonal to race (e.g., university affiliation). For instance, Shriver, Young, 

Hugenberg, Bernstein, and Lanter (2008) reported that the ORB is reduced for faces 
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of fellow university students. Moreover, grouping own- and other-race faces 

according to this social category during learning has been observed to completely 

eliminate the ORB (Hehman, Mania, & Gaertner, 2010). However, this latter finding 

was not replicated in a more recent study (Kloth, Shields, & Rhodes, 2014) which 

found an ORB indendent of whether the faces were grouped according to race or 

university categories. Taken together, while some studies report socio-motivational 

factors to strongly modulate the ORB, others have found this modulation to depend 

on expertise (whereas the CIM suggests that expertise effects depend on motivation) 

or did not find the respective effects. 

In the present series of experiments, we aimed at further testing the role of 

socio-cognitive and motivational factors to the ORB. To this end, we employed 

directed forgetting (DF, Bjork, 1970; Woodward & Bjork, 1971), a well-established 

experimental paradigm sensitive to motivational and intentional aspects of memory, 

to the study of the ORB. As we hope will become clear in the following paragraphs, 

DF provides an excellent tool for this endeavour.  

While previous research has used two variants of the DF procedure, item- and 

list-method DF (Anderson, 2005; Basden & Basden, 1996; MacLeod, 1999), we will 

focus on the former paradigm for the present study. In item-method DF, participants 

receive a cue following each item presented during the learning phase, instructing 

them to either remember or forget the item. In a subsequent test phase, memory for 

both to-be-remembered (TBR) and, surprisingly, to-be-forgotten (TBF) items is 

tested. This typically results in a so-called DF effect, reflecting superior memory for 

TBR as opposed to TBF items. Item-method DF is thought to result from distinct 

processes that are intiated upon presentation of the TBR or TBF cues. While a TBR 

cue results in selective rehearsal and in-depth processing of an item, a TBF cue stops 
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rehearsal and actively inhibits a previously presented item (Anderson & Hanslmayr, 

2014; Basden, Basden, & Gargano, 1993; Fawcett & Taylor, 2008; Nowicka, 

Jednorog, Wypych, & Marchewka, 2009; Paz-Caballero, Menor, & Jimenez, 2004).  

Traditionally, experiments using the DF paradigm have employed verbal 

material. More recently, however, the DF procedure has also been applied to other 

types of stimuli, such as line drawings (Lehman, McKinley-Pace, Leonard, 

Thompson, & Johns, 2001) and pictures (e.g., Hauswald & Kissler, 2008; Hauswald, 

Schulz, Iordanov, & Kissler, 2011). These studies usually replicate the DF effect 

obtained with verbal material, although it is sometimes smaller in size (Basden & 

Basden, 1996; Hauswald & Kissler, 2008; Paller, Bozic, Ranganath, Grabowecky, & 

Yamada, 1999; Quinlan, Taylor, & Fawcett, 2010). So far, only very few studies 

have investigated DF using faces. A DF effect is typically reported in these studies 

(Fitzgerald, Price, & Oriet, 2013; Goernert, Corenblum, & Otani, 2011; Metzger, 

2011; Paller et al., 1999; but see Reber et al., 2002), suggesting that memory for 

faces is to some extent susceptible to intentional forgetting.  

At a first glance, the suggestion to use DF to investigate socio-cognitive and 

expertise-related mechanisms of the ORB might appear counterintuitive. Both 

categorising faces into social in- versus out-groups and expertise-based perceptual 

mechanisms are supposed to be immediately engaged upon presentation of the face 

stimulus whereas the DF instructions are not delivered until after the offset of the 

stimulus. Closer consideration, however, might render this paradigm interesting for 

the present research question. More specifically, at stimulus onset participants do not 

know whether the face will be followed by a TBR or TBF cue, and this applies 

equally to own- and other-race faces. Accordingly, participants may initially  be 

motivated to process all faces as they wait for the instruction to either remember or 
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forget the face. Upon presentation of the memory cues, the instruction should then 

modulate the extent to which faces are further processed in memory. As described 

above, a TBR cue should elicit further elaborative processing and rehearsal, whereas 

a TBF cue should result in dropping the respective items from rehearsal and/or 

inhibiting them (e.g., Basden et al., 1993). While, as discussed in the previous 

paragraphs, faces have generally been shown to be susceptible to DF, here we were 

particularly interested in the extent to which DF can modulate memory for own- and 

other-race faces, respectively. As will be explained in more detail below, different 

predictions for DF of own- and other-race faces can be derived from expertise- and 

socio-cognitive accounts. 

In the following, we report five experiments which systematically 

investigated the influence of intentional forgetting on memory for faces of different 

categories. In particular, we examined DF for own- and other-race faces in Caucasian 

participants (Experiments 1 and 5) and an East Asian sample living in the UK 

(Experiment 2). In addition, DF was applied to purely social in- and out-group faces 

(Experiment 3) as well as own- and other-gender faces (Experiment 4).  

 

2.2 Experiment 1 

Experiment 1 investigated DF for own- and other-race faces to test 

predictions derived from expertise-related and socio-cognitive explanations of the 

ORB. First, expertise accounts propose that, due to a lack of experience, other-race 

faces are not optimally processed and/or represented, and therefore predict 

differential DF effects for own- and other-race faces. More specifically, for own-race 

faces, a detailed and accurate representation for each individual stimulus is created, 

which is distinct from (most) other representations. A cue to remember should 
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Of note, Fitzgerald et al. (2013) investigated DF for other-race faces in 

Caucasian participants and observed significant effects for Asian and Black faces. 

However, as participants were only tested on other-race faces, this study precludes a 

comparison of DF effects for own- and other-race faces, and the calculation of a 

potential ORB. Importantly, the finding of a DF effect for other-race faces per se 

does not contradict our explanation of the present pattern of results, as one might 

assume that DF effects for own-race faces would have been even larger in the 

participants tested by Fitzgerald and colleagues (2013). 

The results of Experiment 1 thus suggest that a modulation of face memory 

by the intention to remember is largely limited to those faces for which expertise has 

been acquired. Alternatively, however, it remains possible that differential DF effects 

for own- and other-race faces simply resulted from varying difficulty of the two 

stimulus sets, independent of perceptual expertise. In a next step, we therefore tested 

a group of East Asian participants with the same experiment. The finding of a DF 

effect for East Asian faces in East Asian participants would rule out a potential 

stimulus effect independent of expertise in Experiment 1. 

 

2.3 Experiment 2 

In Experiment 2, we tested a group of East Asian students who had been 

living in the UK for several months during which they had individuating contact to 

Caucasian people. This type of contact has previously been shown to be sufficient to 

reduce the ORB (e.g., Wiese et al., 2014). Our participants had thus acquired 

expertise with Caucasian faces before the experiment, but at the same time likely still 

perceived these faces as belonging to a social out-group. Therefore, if expertise is a 

prerequisite for the DF effect in face memory as suggested by Experiment 1, and our 
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group membership manipulation might have increased task demands in the present 

experiment, this would suggest that a memory bias resulting from a minimal group 

paradigm is generally less robust than the ORB (see also Herzmann & Curran, 2013). 

An alternative, and not mutually exclusive, explanation could be that group 

membership was indicated by an additional cue (i.e., coloured frame) that was 

external to the face (whereas race is inherent in the face). This frame may, at least to 

a certain extent, have directed attention away from the face given that it needed to be 

encoded along with the face, resulting in a somewhat weaker representation for in- 

and out-group faces compared to those formed for own-race faces in Experiment 1. 

While speculative at present, this may perhaps explain why the DF effect in 

Experiment 3 was overall substantially smaller compared to the effect observed for 

own-race faces in Experiment 1.  

In Experiment 4, we undertook a further attempt to examine whether the 

results of Experiment 1 reflected automatic categorisation into in- or out-groups or 

differences in perceptual expertise. This time, we investigated DF effects for own- 

and other-gender faces.  

 

2.5 Experiment 4 

 In Experiment 3, we only observed small DF effects for in-and out-group 

faces. In addition, and at variance with Bernstein et al. (2007), we did not find 

evidence for a successful manipulation of group membership. Therefore, it could be 

argued that a failure to provide evidence for a social categorisation manipulation in 

the first place makes it pointless to test hypotheses regarding DF for in- and out-

group faces, respectively. 
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by DF. Given the absence of an own-gender bias in the present experiment, a similar 

argument could in principle be made here as well. However, it appears less plausible 

to assume that the gender of the faces was not processed relative to the arbitrary 

social category used in Experiment 3. Of note, and in contrast to Experiment 3, the 

present study revealed a trend for a significant interaction, pointing to somewhat 

more pronounced DF for own- relative to other-gender faces. Moreover, this trend 

seems to be mostly driven by higher hit rates for female versus male faces in the 

TBR condition. This may be taken to suggest that gender was a sufficiently salient 

dimension to elicit social categorisation, as own- and other-gender faces were 

somewhat differentially remembered. However, we acknowledge that the evidence 

for a successful categorisation of own- and other-gender faces into in- and out-

groups is not particularly strong in the present experiment, and that further reseach is 

needed to increase confidence in the present results. 

In the previous paragraph, it has tentatively been suggested that higher hit 

rates for female compared to male TBR faces indicates social categorisation of faces 

into in- and out-groups. At the same time, we have argued that the finding of 

substantial DF for both own- and other-gender faces supports an expertise-based 

explanation of the results obtained in Experiment 1. At a first glance, these 

suggestions might be seen as being in opposition. We note, however, that while DF 

in Experiment 1 was evident for own-race faces, it was very clearly absent for other-

race faces (Figure 2.2b). In Experiment 4, both own- and other-gender faces gave 

rise to DF. We therefore conclude that while, as suggested above, evidence for a 

successful social categorisation is not particularly strong at present, the finding of DF 

for both own- and other-gender faces supports our previous suggestion that a 
















































































































































































































































































