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Abstract 

Effect of the Muslim Headscarf on Face Perception 

Mohammed Umar Toseeb 

Key words: Face Perception, Muslim Headscarf, Own Race Bias, Social Contact, 
Psychology, Vision, South Asian. 

The Muslim headscarf conceals the hair and other external features of a face.  For this reason 
it may have implications for the recognition of such faces.  The experiments reported in this 
thesis aimed to investigate anecdotal reports, which suggested that headscarf wearing females 
are more difficult to recognise.  This was done by employing a series of experiments which 
involved a yes/no recognition task.  The stimuli that were used were images of South Asian 
females who were photographed wearing a Muslim headscarf (HS), with their own hair 
visible (H), and a third set of stimuli were produced in which their external features were 
cropped (CR).  Most importantly, participants either took part in the condition in which the 
state of the external features remained the same between the learning and test stage (Same) or 
the condition in which they were switched between the two stages (Switch).  In one 
experiment participants completed a Social Contact Questionnaire.  Surprisingly, in the Same 
condition, there was no difference in the recognition rates of faces that were presented with 
hair, with headscarf, or cropped faces.  However, participants in the Switch condition 
performed significantly worse than those in the Same condition.  It was also found that there 
was no difference in the % of fixations to the external features between the Same and Switch 
condition, which implied that the drop in performance between the two conditions was not 
mediated by eye-movements.  These results suggest that the internal and external features of 
a face are processed interactively and, although the external features were not fixated on, a 
manipulation to them caused a drop in performance.  This was confirmed in a separate 
experiment in which participants were unable to ignore the external features when they were 
asked to judge the similarity of the internal features of pairs of faces.  Pairs of headscarf faces 
were rated as being more similar compared to pairs of faces with hair.  Finally, for one group 
of participants it was found that contact with headscarf-wearing females was positively 
correlated with the recognition of headscarf-wearing faces.  It was concluded that the 
headscarf per se did not impair face recognition and that there is enough information in the 
internal features of a face for optimal recognition, however, performance was disrupted when 
the presence or absence of the headscarf was manipulated. 
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Chapter 1 �±Introduction  

Face recognition is something that humans are very good at.  It is an important 

quality that humans rely on to get through life.  There are many benefits of being 

able to distinguish between different faces and for this reason over the last 50 years 

there has been a large amount of research conducted to understand the human ability 

to recognise faces (Little, Jones, & DeBruine, 2011).  This thesis looks at face 

perception but from a slightly different viewpoint.  Rather than using abstract stimuli 

which may or may not have relevance to everyday life, in this thesis the Muslim 

headscarf is used as a means for investigating the role of hair in face perception.  

Thus, it begins by discussing sociological work which looks at the Muslim 

headscarf, its role in society, and how it is perceived by different groups of people.  

This may seem unusual in a piece of research that is concerned with the Cognitive 

Psychology and Visual Perception of faces, but, it is helpful to understand the 

reasons why the research was conducted and also where the aims of the work 

originated from.   Following this, models of face recognition are discussed.  

Thereafter, the neuropsychology and neurophysiology of face perception are talked 

about because, although these methods are not used in the experiments that have 

been reported, they enable a greater understanding of the results that have been 

obtained.  Then, some of the core theoretical grounds of the experiments that have 

been reported are discussed.  The role that internal and external features play in the 

recognition of familiar and unfamiliar faces is examined.  Furthermore, views about 

holistic and featural processing are analysed to provide a deeper insight into the 

processing of human faces.    
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1.1 General Introduction to Sociological Muslim Headscarf Research 

Humanity consists of many different races, religions, cultures, and practices.  These 

differences make up the diverse and rich society that exists in the United Kingdom 

today.  In addition to the obvious benefits that come with multiculturalism, such as: 

overcoming ignorance, reducing stereotypes by learning about different cultures, and 

reducing fear of the other, there are some potential areas of contention which may 

give rise to tensions between certain groups of people.  One such contentious issue is 

the Muslim headscarf.  Since world events such as the attacks of 9/11 and 7/7 there 

has been a marked rise in anti-Muslim sentiment (Barkdull et al., 2011).  As a result 

of this, Muslim symbols such as the headscarf, beard, minaret, and the Burka are 

often the target of such negative sentiment.   

Traditionally, the Muslim headscarf is worn as a garment for females to cover their 

hair.  In the religion of Islam both men and women are required to abide by a dress 

code.  For men, the dress code consists of clothing that covers anything between the 

naval and the knees.  The covering of women however, is subject to some variation 

in regards to what is acceptable and what is not (Abdullah, 2006).  The mainstream 

view is that everything except the hands, feet, and face should be covered (Abdullah, 

2006).  In different countries around the world Muslim women interpret this 

differently.  Some choose to wear Western style clothing, such as a skirt or a pair of 

trousers with a blouse or a shirt, and in other countries, such as those in South Asia, 

women wear Shalwar Kameez or Sarees, whereas others choose to wear a Burqa.  

The Burqa received much public attention in the lead-up to the Afghanistan war 

because it was seen as an example of the oppression of women under Taliban rule 

(Bezhan, 2008).  The Burqa is a large piece of cloth that is sewn together so that it 

covers a woman from head to toe, leaving only her eyes showing.  Some Muslims 
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scholars are of the opinion that the covering of the face is also necessary but, most 

are of the opinion that it is optional (Abdullah, 2006).  The idea is to wear clothing 

that covers all the required areas with garments that are not tightly fitted around the 

�E�R�G�\�������$�O�O���W�K�H�V�H���G�L�I�I�H�U�H�Q�W���I�R�U�P�V���R�I���F�R�Y�H�U�L�Q�J���I�R�U���Z�R�P�H�Q���D�U�H���µ�Q�R�U�P�D�O�O�\�¶���D�F�F�R�P�S�D�Q�L�H�G��

by a headscarf, which is used to cover their hair.  Again, there is a wide variation in 

the way in which women across the world choose to cover their hair.  The variation 

ranges from a headscarf, as used by Muslims in the United Kingdom, to a Chador, a 

large cloth that is wrapped around the general upper body in countries such as 

Pakistan and Iran.  In any case, the concept is to c�R�Y�H�U���D���Z�R�P�D�Q�¶�V���K�D�L�U���W�R���J�X�D�U�G���K�H�U��

modesty.  In most cases, this dress code is for when a woman is in the company of 

those men who are not her Mehram. Mehram refers to a person with whom a woman 

cannot marry under Islamic Law, for example her father, brother, or son.       

More specifically, in recent times there has been an increase in public interest in 

Europe with regards to the Muslim headscarf.  Some aspects of this increase have 

been fuelled by high-profile cases such as the French headscarf ban.  The headscarf 

controversy in France has its roots as far back as 1989, when a few female students 

were suspended from a French school for refusing to remove their headscarf 

(Murphy, 2003).  Since this initial high profile case, the issue developed further and 

eventually led to French MPs voting to ban the Muslim headscarf, alongside all other 

overt religious symbols, from state schools (Wyatt, 2004).  Although in theory this 

ban applies to all religious symbols including the Sikh turban, Jewish skullcaps, and 

Christian crosses, it seemed to prompt more of a reaction from the large Muslim 

community in France than from any of the other groups.  This could potentially be 

due to the high number of Muslims in France.  France is thought to have the largest 
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Muslim community in Western Europe with some estimates putting the figure at 

nearly 10% of the population (Balter, 2011). 

1.2 Experiences of the Muslim headscarf 

The experiments that are to be discussed in this thesis look at the Muslim headscarf 

from the point of view of someone who does not necessarily wear it.  That is, how 

the Muslim headscarf affects face recognition in those people who may or may not 

wear it.  However, there are other pieces of research which look at the Muslim 

headscarf from an alternate point of view.  For example, they take a more qualitative 

approach which looks at those women who wear a Muslim headscarf.  This type of 

work is also relevant to this thesis because it produces a varied set of literature which 

may be able to explain some of the results that have been obtained.  The French 

headscarf controversy  is a fascinating debate, hence the abundance of public interest 

in the Muslim headscarf.  To contextualise the thesis further, it may be useful to look 

at research that reports the experiences of Muslim women that wear the headscarf 

and also work that explores the views of non-Muslims about the Muslim headscarf.  

Firstly, the attitudes of Muslims towards the headscarf will be considered, 

specifically those females who wear it.  Then, research looking at the attitudes of 

non-Muslims towards the headscarf will be discussed. 

Dr Katherine Bullock studied the Muslim headscarf as the topic of her PhD, during 

which time she spoke to Muslim women who wear the headscarf about their 

experiences (Bullock, 1999).  This qualitative piece of work was then reported in her 

�E�R�R�N�� �³�5�H�W�K�L�Q�N�L�Q�J�� �0�X�V�O�L�P�� �:�R�P�H�Q�� �D�Q�G�� �W�K�H�� �9�H�L�O�´��(Bullock, 2007).  The book 

provides many useful insights into the lives of average headscarf-wearing women in 

Canada.  As the book gives a comprehensive account of these experiences, extracts 
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from it will be used in the following few paragraphs.  So, in this modern era, why do 

some Muslim women choose to cover?  Bullock (2007) provides a thorough insight 

into the reasons.  Some of the reasons highlighted are: religion, to make society 

better (by providing an alternative to secularism), continued access to employment, 

gaining respect, combating male harassment, and expressing personal identity.  Most 

women who wear the headscarf, it seems, make an informed decision.  Bullock 

(2007) identified benefits to the respondents of wearing the Muslim headscarf.  One 

participant, Rania, felt that it benefitted male-female interactions.  Bullock (2007) 

�V�W�D�W�H�V�� �W�K�D�W�� �³�5�D�Q�L�D�� �V�W�D�U�W�H�G�� �F�R�Y�H�U�L�Q�J�� �Z�K�H�Q�� �V�K�H�� �Z�D�V�� �������� �D�Q�G�� �V�D�L�G�� �W�K�D�W�� �V�K�H�� �Q�R�W�L�F�H�G�� �D��

difference in the way men approached her afterwards, they were more respectful, and 

did not try to flirt with her, or m�D�N�H�� �³�O�H�H�U�L�Q�J�´�� �F�R�P�P�H�Q�W�V�´���� �� �5�D�Q�L�D also felt that by 

�Z�H�D�U�L�Q�J�� �D�� �K�H�D�G�V�F�D�U�I�� �V�K�H�� �Z�D�V�� �E�H�Q�H�I�L�W�L�Q�J�� �V�R�F�L�H�W�\���� �³�6�R�� �L�W�¶�V�� �P�R�U�H�� �R�I�� �D�� �V�L�W�X�D�W�L�R�Q�� �Z�K�H�U�H��

�Z�H�¶�U�H���W�U�\�L�Q�J���W�R���K�H�O�S���H�D�F�K���R�W�K�H�U���U�D�W�K�H�U���W�K�D�Q���V�D�\�L�Q�J���µ�2�K���� �\�R�X���N�Q�R�Z�����W�K�H�\�� �>�P�H�Q�@���F�D�Q�¶�W��

�F�R�Q�W�U�R�O���W�K�H�P�V�H�O�Y�H�V�¶�´��(Bullock, 2007). 

One of the most surprising aspects of the work by Bullock (2007) was the extent to 

which some Muslims have negative views towards the headscarf.  An example of 

�W�K�L�V���L�V���J�L�Y�H�Q���E�\�� �5�D�Q�L�D���� �D�E�R�X�W���Z�K�R�P���L�W���L�V���Z�U�L�W�W�H�Q�����³�)�R�U���5�D�Q�L�D���� �W�K�H���V�W�U�X�J�J�O�H���Z�D�V���Z�L�W�K��

her mother Fatima, who, coming from a secular background as we have seen, was 

�U�H�O�X�F�W�D�Q�W���W�R�� �V�H�H�� �K�H�U�� �G�D�X�J�K�W�H�U�� �S�X�W�� �R�Q�� �W�K�H�� �K�L�M�D�E�´��(Bullock, 2007).  It seems that such 

struggles of the headscarf-wearing women go un-noticed.  A further example given 

was �R�I���R�Q�H���S�D�U�W�L�F�L�S�D�Q�W���Z�K�R���V�W�D�W�H�G���W�K�D�W�����³�6�K�H���Z�D�V���P�D�U�U�L�H�G���Z�K�H�Q she was 24, and six 

months later was in Canada and under pressure from her husband to stop wearing 

�K�L�M�D�E�´�������%�R�W�K���R�I���W�K�H�V�H���L�Q�F�L�G�H�Q�W�V���V�H�H�P���F�R�Q�W�U�D�U�\���W�R���W�K�H���6�W�D�V�L���&�R�P�P�L�V�V�L�R�Q (Stasi, 2003), 

the findings of which suggested that some women were covering up due to social 

pressures.  It would seem that for the two Canadian women mentioned, the opposite 
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is true.  It appears that the husband and mother are being subjected to (secular) social 

pressures, for which they prefer their wife/daughter not to wear a headscarf.   

However, it would be inaccurate to generalise this to all women who wear the 

headscarf and render their attitudes representative of all headscarf-wearing women.  

Another example of this is another participant used by Bullock (2007) who describes 

why she wore the headscarf: part of the reason why she first wore the hijab was to 

please her husband, who preferred it when his friends came to the house.  However, 

�W�K�H�U�H���Z�D�V���Q�R���F�R�H�U�F�L�R�Q���R�Q���K�H�U���K�X�V�E�D�Q�G�¶�V���S�D�U�W�´�������7�K�L�V���V�K�R�Z�V���W�K�D�W���D�O�W�K�R�X�J�K���W�K�H���K�X�V�E�D�Q�G��

played so�P�H�� �U�R�O�H�� �L�Q�� �W�K�H�� �Z�L�I�H�¶�V�� �G�H�F�L�V�L�R�Q�� �W�R�� �Z�H�D�U�� �D�� �K�H�D�G�V�F�D�U�I���� �L�W�� �Z�D�V�� �X�O�W�L�P�D�W�H�O�\�� �W�K�H��

wife who decided. 

Some respondents did say that in some situations the headscarf may be used as a tool 

�I�R�U���R�S�S�U�H�V�V�L�R�Q�������)�R�U���H�[�D�P�S�O�H�����R�Q�H���U�H�V�S�R�Q�G�H�Q�W���V�D�L�G���W�K�D�W���³�V�K�H���E�H�O�L�H�Y�H�G���W�K�D�W���W�K�H�U�H [Iran], 

hijab could symbolize oppression because it was imposed on women by a political 

�V�\�V�W�H�P�´��(Bullock, 2007) �E�X�W�� �R�Q�� �D�� �V�L�P�L�O�D�U�� �S�U�H�P�L�V�H�� �³�K�L�M�D�E�� �Z�D�V�� �V�H�H�Q�� �D�V�� �D�� �G�H�Y�L�F�H�� �W�R��

�I�D�F�L�O�L�W�D�W�H���0�X�V�O�L�P���Z�R�P�H�Q�¶�V���P�R�Y�H�P�H�Q�W�V���R�X�W�V�L�G�H���W�K�H���K�R�P�H�´��(Bullock, 2007).  In light 

of the work by Bullock (2007) it can be concluded that Muslim women do indeed 

wear the headscarf for a variety of reasons and it seems that only a minority of those 

interviewed were forced directly or by social pressures. 

Next, the opinion of non-Muslims towards the headscarf will be discussed.  One 

such view is reported by Khan (1995) who cites Jeffrey (1979) in which she 

�G�H�V�F�U�L�E�H�V���Y�H�L�O�H�G���0�X�V�O�L�P�V���D�V���³�D�Q�R�Q�\�P�R�X�V�����D���Q�R�Q-person, unapproachable, just a silent 

being skulking alo�Q�J�����O�R�R�N�L�Q�J���Q�H�L�W�K�H�U���O�H�I�W���Q�R�U���U�L�J�K�W�´���������$�J�D�L�Q�����L�W���Z�R�X�O�G���E�H���D���V�Z�H�H�S�L�Q�J��

generalisation to assume that all non-Muslims hold a homogenous view on the 

Muslim headscarf.  Hoodfar (1993) reports experiences in which she is said to have 

spoken to non-Muslim women.  They said that they are thankful not to have been 
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�E�R�U�Q���L�Q���D���0�X�V�O�L�P���F�X�O�W�X�U�H���G�X�H���W�R���W�K�H�� �³�W�R�X�J�K���W�L�P�H�´���W�K�H���0�X�V�O�L�P���Z�R�P�H�Q���Z�H�U�H���K�D�Y�L�Q�J����������

The reason for this Hoodfar (1993) explains, is that for Muslim women the role of 

the headscarf changes with the times, at some point it was a symbol of patriarchy but 

now it has been used as a symbol to free themselves from such patriarchal bonds.  

This is supported by Mule and Barthel (1992) who found that for the first generation 

of Muslim feminists, the veil (headscarf) was a symbol of oppression and by giving 

up the veil (headscarf) they were breaking free from this oppression, but that in more 

recent times the Muslim headscarf is used by young educated women to exercise 

their free choice.  On the contrary, Hoodfar (1993) found that the views of non-

Muslim Western societies remain static and non-changing across time and space.  

This is used as a possible reason for why there is a difference between Muslim and 

non-Muslim views on the headscarf.  Hoodfar (1993) found that the negative images 

of Muslim women that are continuously shown to European and North American 

women act as a reminder of their relative good fortune.  She claims that this is used 

as a tool to curb demands for equality with men.  

Another example of the view of a non-Muslim towards the Muslim headscarf is by 

Menzies (2011)���� �D�� �J�X�H�V�W�� �F�R�O�X�P�Q�L�V�W�� �I�R�U�� �W�K�H�� �³�7�R�U�R�Q�W�R�� �6�X�Q�´���� �� �+�H�� �U�H�F�H�Q�W�O�\�� �Z�U�R�W�H�� �D�Q��

article in which he discussed the decision taken by the Canadian police to 

accommodate Muslim officers wishing to wear the Muslim headscarf as part of their 

uniform.  He describes the hijab a�V�� �³�D�� �S�R�O�L�W�L�F�D�O�� �V�W�D�W�H�P�H�Q�W�� �D�Q�G�� �D�� �V�\�P�E�R�O�� �R�I��

�I�X�Q�G�D�P�H�Q�W�D�O�L�V�P�´���� �� �+�R�Z�H�Y�H�U���� �K�L�V�� �Y�L�H�Z�� �L�V�� �Q�R�W�� �F�R�P�S�O�H�W�H�O�\�� �R�Q�H-sided because in the 

�Q�H�[�W�� �S�D�U�D�J�U�D�S�K�� �K�H�� �J�R�H�V�� �R�Q�� �W�R�� �V�W�D�W�H�� �³�,�Q�� �V�R�P�H�� �F�D�V�H�V���� �D�� �Z�R�P�D�Q�� �Z�H�D�U�L�Q�J�� �V�X�F�K�� �D��

�K�H�D�G�V�F�D�U�I���L�V���E�H�L�Q�J���S�U�H�V�V�X�U�H�G���E�\���K�H�U���I�D�P�L�O�\���W�R���G�R���V�R�´�������)�U�R�P���W�Kis latter statement it is 

appears that he appreciates that not all women are pressurised to cover up.  
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It seems that there is little in the way of academic research which looks at the views 

and opinions of non-Muslims towards the Muslim headscarf.  Some news articles 

convey the opinions of non-Muslims but these almost always appear to be negative.  

It is unclear whether this is actually the view of the masses or not.  It could be that 

only negative views are reported, because that is what people want to read.  

Alternatively, it may be that the people who are willing to speak up about it have 

negative opinions and those that have no opinion choose not to speak about it.  

However, as described by Herrington (2010), when non-Muslims were asked why 

they did not discuss the headscarf with a friend who had recently started to wear one, 

�W�K�H���D�Q�V�Z�H�U���W�K�D�W���W�K�H�\�����J�D�Y�H���Z�D�V���W�K�D�W���W�K�H�\���I�H�O�W���W�K�D�W���³�L�W���Z�D�V���W�R�R���³�W�R�X�F�K�\�´�Ö�R�U���L�Q�V�H�Q�V�L�W�L�Y�H��

�>�W�R�S�L�F�@���W�R���E�U�L�Q�J���X�S�´�������,�W���P�D�\���E�H���R�W�K�H�U���Q�R�Q-Muslims are in a similar situation and feel 

the same thing.  One rare occasion of a non-Muslim giving a positive opinion was in 

a news article by Herrington (2010) in which a non-Muslim female is reported to 

have worn the Muslim headscarf for a month, as a social experiment.  Her 

experience of the way she was treated by others seems almost the same as most 

Muslim women report (Bullock, 2007), some positives and some negatives.  The 

�P�H�V�V�D�J�H���E�\���W�K�H���H�Q�G���R�I���W�K�H���H�[�S�H�U�L�P�H�Q�W���Z�D�V���³�L�I���\�R�X���Z�D�Q�W���W�K�H���W�U�X�W�K�����W�D�O�N���W�R���D���0�X�V�O�L�P�´������

This is a clear example of a non-Muslim holding a positive view on the headscarf.  

Further research is needed to understand the views of non-Muslims towards the 

Muslim headscarf, as this is an obvious gap in the literature.  

1.3 General Introduction to Face Perception 

Before continuing on to discuss specific face recognition research, in this section a 

brief introduction into various topics of research in the area of face perception will 

be given.  It is generally well known that the recognition of faces is better than the 

recognition of objects (Yin, 1969).  Experiments have shown that the detection of 
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faces can start as quickly as 110ms compared to objects (vehicles) at 140ms 

(Crouzet, Kirchner, & Thorpe, 2010).  Much of the literature distinguishes between 

familiar and unfamiliar faces.  Familiar faces are faces of family members, friends, 

celebrities, or those faces which people see on a regular basis.  Unfamiliar faces are 

those which are new to the observer, for example, passengers on the bus, diners in a 

restaurant, the bartender, or the taxi driver and so on.  In general, humans tend to be 

more accurate at recognising familiar than unfamiliar faces (Johnston & Edmonds, 

2009).  The familiar/unfamiliar distinction is an inter-face distinction.  That is, it 

makes a distinction between different types of faces.  An intra-face method of 

distinction is one which distinguishes between different parts of the face.  Faces can 

be divided into internal and external features.  Internal features are the eyes, nose, 

mouth, cheeks etc., whereas, the external features of a face are the hair, ears, and 

sometimes the shape of the head.  Research that investigates face recognition in 

humans implies differential roles (to be discussed later) for the two types of facial 

feature.   

Furthermore, there is evidence to show that faces are an important type of stimulus 

compared to non-face objects (e.g. a chair/table).  This comes from Fantz (1961) 

who studied face recognition abilities in neonates who were presented with a 

scrambled face and a normal face during a visual discrimination task (Sample stimuli 

shown in Figure 1.1).   
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Figure 1.1 �± Sample Stimuli �± Taken from Fantz (1961) 

These researchers simply measured the amount of time that the neonates spent 

looking at the two different types of stimuli.  They found that they spent longer 

looking at normal than scrambled faces which showed that they have an innate 

preference for faces.  A key study in the area of face perception was conducted by 

Yin (1969) who investigated the processing of upright and inverted faces (turning the 

face upside down) and images of a house, which found that inversion caused more 

disruption to recognition of faces than houses.  This showed that upright faces are 

processed in a different manner than inverted faces.  This became known as the Face 

Inversion Effect (FIE).  Further advances were made to the FIE with the Thatcher 

Illusion (Thompson, 1980).  Again, this showed that in some sense inverted faces are 

processed differently to upright faces (this is discussed later).   

 
Figure 1.2 �± Example of the Thatcher Illusion, taken from Thompson (1980).    
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There are also neurophysiological and neuropsychological bases for face perception 

in humans.  An area of the brain known as the Fusiform Face Area (FFA) is thought 

to have some role in the processing of human faces.  Evidence for this is provided by 

Kanwisher, McDermott, and Chun (1997) and it will be discussed in more detail in a 

later section.  Support for the existence of specialist brain cells for the processing of 

faces comes from single cell recording data (Perrett, Rolls, & Caan, 1982).  This 

study showed that there are certain neurons in monkey brains that fire specifically to 

certain faces.   Again, this will be discussed in more detail in a later section.                             

Additional important work in the area of face perception comes from literature about 

disorders of face recognition.  Prosopagnosia is a disorder of face recognition in 

which patients are unable to recognise a face (Bornstein & Kidron, 1959).  Affected 

individuals are able to identify that the stimulus that they are seeing is a face but, 

they are unable to identify the face, even if it is a picture of a relative etc.  A further 

disorder of face recognition is Capgras Syndrome, in which sufferers believe that a 

familiar person has been replaced by an imposter (Todd, 1957). 

Work which looks at the perception of faces is not specific to identification tasks.  

Other research areas involve looking at emotion processing in faces and also the 

attractiveness of certain types of faces.  The face can be used as a very strong social 

interaction mechanism.  Changes in facial muscles can lead to a variety of different 

signals being given to the perceiver.  For example, Ekman (1971) identified six basic 

emotions that exist in all humans regardless of culture, ethnicity, race, and gender.  

These are: anger, disgust, fear, happiness, sadness, and surprise.  Ekman (1971) 

proposed that these basic human emotions are biologically determined and required 

for successful social interactions.  People with Asperger's Syndrome have difficulties 
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in recognising these basic emotions (Ozonoff, Pennington, & Rogers, 1991), thus, 

they have some difficulty operating normally in society. 

Faces are also a focal point in attractiveness literature.  Specifically related to this 

thesis, Mahmud and Swami (2010) investigated the effect of the Muslim headscarf 

on the perceived attractiveness and intelligence of the wearer.  They found that non-

Muslim males rated females wearing a Muslim headscarf as less attractive than 

�Z�R�P�H�Q�� �Z�L�W�K�R�X�W�� �D�� �K�H�D�G�V�F�D�U�I���� �� �7�K�H�\�� �D�O�V�R�� �I�R�X�Q�G�� �W�K�D�W�� �0�X�V�O�L�P�� �P�H�Q�¶�V�� �U�D�W�L�Q�J�V�� �R�I��

intelligence and attractiveness (of the headscarf wearing women) were positively 

correlated with their (Muslim men) self-reported ratings of religiosity.  Therefore, as 

the religiosity of Muslim men increased, the more attractive and intelligent they 

perceived headscarf-�Z�H�D�U�L�Q�J���Z�R�P�H�Q���W�R���E�H�����7�K�L�V�����D�O�R�Q�J���Z�L�W�K���(�N�P�D�Q�¶�V���Z�R�U�N�����S�U�R�Y�L�G�H�G��

evidence for the richness of information that can be obtained from a face apart from 

identity.       

1.4 Familiar and Unfamiliar Faces and the Relationship with Internal 

and External Features 

In typical face recognition research there is a distinction made between familiar and 

unfamiliar faces.  Familiar faces refer to a series of things such as someone that the 

observer has seen once previously or it could mean someone whom the observer has 

seen on numerous occasions (Johnston & Edmonds, 2009).  On the other hand, 

unfamiliar faces refer to those faces which have not been seen previously.  An 

example of an unfamiliar face is the face of the person sitting next to you at a 

football match.  This distinction is important in the literature because it is thought 

that the two types of faces are processed differently (Bruce & Young, 1986).  Even 

in basic models of face recognition, such as that proposed by Bruce and Young, 
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familiar and unfamiliar faces follow two distinct pathways with each type of face 

activating a different combination of nodes.   

Johnston and Edmonds (2009) provide a comprehensive review of the literature on 

familiar and unfamiliar faces.   In their work they provide evidence from various 

neuropsychological studies for the separate processing of these two types of face.  

Research which looks at prosopagnosic patients provides further evidence for the 

differential processing of the two types of face.  For example, there is evidence to 

show that some prosopagnosic patients can perform face matching tasks using 

unfamiliar faces (Bauer, 1984; Benton & Vanallen, 1972; Bruyer et al., 1983; Tranel, 

Damasio, & Damasio, 1988).  In contrast to this,  there is evidence to suggest that 

other prosopagnosics are able to recognise familiar faces but perform poorly on 

matching tasks which involve unfamiliar faces (Young, Newcombe, Dehaan, Small, 

& Hay, 1993).  This difference in the level of impairment for patients with the same 

condition can be taken as evidence for differential processing of familiar and 

unfamiliar faces.  However, as correctly noted by Johnston and Edmonds (2009), 

these comparisons should be interpreted with caution, because often it is difficult to 

compare different studies due to the diverse nature of experimental methods and 

tasks that have been used.  Furthermore, the extent of brain damage in these patients 

is also difficult to know precisely, hence, the disorder may be more complete in 

some patients compared to others.   

Leveroni et al. (2000) investigated healthy participants and their responses to 

familiar and unfamiliar faces.  These researchers found that, during an fMRI scan, 

for familiar (famous) faces there was an increased response in the prefrontal, lateral 

temporal and medial regions in comparison to unfamiliar faces.  Rossion, Schiltz, 

Robaye, Pirenne, and Crommelinck (2001) point out that it may be that the 
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�D�F�W�L�Y�D�W�L�R�Q�� �R�I�� �W�K�H�V�H�� �U�H�J�L�R�Q�V�� �L�V�� �D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K�� �D�� �S�H�U�V�R�Q�¶�V�� �L�G�H�Q�W�L�W�\�� �U�D�W�K�H�U�� �W�K�D�Q�� �W�K�H��

processing of familiar faces.  Evidence for this is provided in research which shows 

that similar and associated regions have been activated in the processing of familiar 

names (Haxby, Hoffman, & Gobbini, 2000). 

Johnston and Edmonds (2009) provide an excellent account of behavioural 

differences which have been used as evidence for the difference in the processing of 

familiar and unfamiliar faces.  They found that a change in view of unfamiliar faces 

can reduce the recognisability of these faces whereas this does not happen for 

familiar faces.  Other factors which have a negative effect on the recognition of 

unfamiliar faces but no effect on the recognition of familiar faces are: facial 

expression and the context in which the face is viewed.  However, familiar and 

unfamiliar faces are not always processed differently.  For example, Johnston and 

Edmonds (2009) suggest that lighting, negation, and inversion all similarly affect the 

recognition of both familiar and unfamiliar faces.  It may be that familiar faces are 

processed for identity whereas unfamiliar faces are processed as representations of 

facial parts.  Therefore, as view, expression, and context change the new image from 

the previously held representation, they affect performance.  However, as view, 

expression, and context do not affect identity they have no effect on familiar faces.  

This also explains why lighting, negation, and inversion decreases performance on 

both types of task.  All three of these amendments cause a disruption to the mental 

representation of a face as well as the ability to process the identity of a face.  

Johnston and Edmonds (2009), in their review, confirm that the recognition of 

familiar faces is superior to unfamiliar faces.  An explanation for this was given by 

Veres-Injac and Persike (2009) who found that blurring of familiar faces did not 

impair recognition scores.  These researchers then concluded that familiar face 
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recognition relies on spatial relations between the features. This reliance on spatial 

relations between the features shows that familiar faces were processed holistically. 

In contrast to this, the recognition of unfamiliar faces relies on featural processing.    

The distinction between familiar and unfamiliar faces is also further supported by 

Megreya and Burton (2006) who implied that unfamiliar faces are not processed for 

identity, hence implying a difference between the mechanisms.     

Another distinction that holds value in the literature on face perception is the 

difference between internal and external features of a face.  Internal features are 

predominantly defined as eyes, mouth, nose, and cheeks (Frowd, Bruce, McIntyre, & 

Hancock, 2007).  Consequently, external features are defined as the remaining parts 

of the face (hair & sometimes chin contour).  In the literature it appears that internal 

and external features play a somewhat different role in the processing of familiar and 

unfamiliar faces.  Sinha and Poggio (1996, 2002) have presented a widely-cited and 

striking demonstration of how important external features can be in face perception.  

In Sinha and Poggio (1996), the internal features of the then US-President Clinton 

were combined with the hair and other external features of his vice-president, Al 

Gore (see Figure 1.3).  
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Figure 1.3 �± Clinton-Gore Illusion.  Taken from Sinha and Poggio (1996). 

The resulting combination appears to casual inspection, to be very similar to Gore, 

implying the dominance of external features. Congruous to this finding, the review 

by Johnston and Edmonds (2009) reports that the relative importance of external and 

internal features changes as faces become more familiar, with external features 

becoming relatively more important in the processing of unfamiliar faces.   

There is a vast amount of research which looks at how the processing of internal and 

external features differs between familiar and unfamiliar faces.  For example, Stacey, 

Walker, and Underwood (2005) used three different types of task (including eye-

tracking methods) to investigate the relationship of internal and external features 

with familiar and unfamiliar faces.  For the first two tasks, the researchers found that 

the majority of fixations were on internal features and were not affected by 

familiarity.  The result for the third task also showed that the majority of fixations 

were on internal features and that the fixations on internal features increased as 

familiarity increased.  Although a fixation does not directly correspond to visual 
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attention, from these results it can be inferred that familiar face recognition relies 

more on internal features than external features compared to an unfamiliar face.   

Using a different measure of attention, Brooks and Kemp (2007) found that there 

was an increase in sensitivity to the displacement of internal features for familiar 

faces compared to unfamiliar faces.  That is, participants were more likely to be 

affected by a change to internal features of a familiar face than an unfamiliar face.  

These researchers also highlighted that the process of familiarisation involved 

forming an accurate memory representation which in turn allows for easier 

recognition of familiar faces.  Further evidence for this comes from Clutterbuck and 

Johnston (2002) who used measures of reaction time to establish the difference in the 

matching of internal and external features.  They found that matching internal 

features was faster for highly familiar faces, compared to moderate or low familiarity 

faces.  These researchers concluded that differences in the processing of familiar and 

unfamiliar faces could not be entirely explained either by internal or external features 

alone.  The numerous studies that have been discussed above, regarding the 

difference in the processing of familiar and unfamiliar faces in relation to internal 

and external features are not supported by Veres-Injac and Schwaninger (2009).  

These researchers found that there was no difference in the time taken to match 

internal or external features in familiar and unfamiliar faces.  This may be due to a 

number of factors including the differences in research design or the sample used.    

An explanation for the difference in the effect of familiarity on face recognition 

comes from Fletcher, Butavicius, and Lee (2008) who investigated the difference in 

processing of internal and external features.  These researchers used the measure of 

eye movements to establish the direction of gaze during recognition.  Fletcher et al. 

(2008) altered the learning time in the yes/no recognition task in which they gave 
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participants either two or six seconds to familiarise themselves with the face.  They 

found that participants paid more attention to internal features during the six second 

condition, where they had more time to familiarise themselves with the face.  In the 

two second condition, participants concentrated more on the external features to try 

and get an estimate of the overall head shape.  Fletcher et al. (2008) found that 

external features of unfamiliar faces played an important role in the effectiveness of 

face recognition at both short and long viewing times. More specifically, some 

studies (Hancock & Rhodes, 2008; Hayward, Rhodes, & Schwaninger, 2008; Walker 

& Hewstone, 2006a, 2006b, 2008; Walker & Tanaka, 2003) have removed the hair 

artificially from a face during recognition.   The most relevant for the experiments 

reported in this thesis was by Wright and Sladden (2003), who used a yes/no 

recognition type experiment to look at the importance of hair in face recognition in 

relation to the own gender bias (the theory that people are better at recognising 

people of their own gender compared to the opposite gender (Shaw & Skolnick, 

1994)).  Their results (shown in figure 1.4) showed that there was a significant effect 

of hair on the own gender bias, because they found that if hair was not present at the 

time of encoding (learning), and it was at the time of recall, then there was a 

significant decrease in recognition compared to when hair was present at both 

learning and test.  



20 
 

 
Figure 1.4 �± Taken from Wright and Sladden (2003) 

 The results also showed that males were better at recognising males, and females 

were better at recognising females.  The explanation given by Wright and Sladden 

(2003) was taken from an evolutionary perspective.  They argued that humans need 

to be able to recognise potential threats to their existence.  Therefore, by having the 

ability to recognise people of the same gender this threat would be reduced because 

they would be able to compete for a suitable mate.  An alternative explanation given 

by the authors of the research is concerned with the presence of same gender faces in 

magazines.  Thus, �W�K�H�U�H�� �D�U�H�� �S�U�R�E�D�E�O�\�� �P�R�U�H�� �P�D�O�H�V�� �L�Q�� �P�H�Q�¶�V�� �P�D�J�D�]�L�Q�H�V�� �D�Q�G�� �P�R�U�H��

�I�H�P�D�O�H�V�� �L�Q�� �Z�R�P�H�Q�¶�V magazines (with the exception of pornographic magazines).  

This, they argued, increased contact which then in turn increased the distinguishing 

capability.  Wright and Sladden (2003) advise that further work is needed in the area 

to form a more comprehensive explanation for the Own Gender Bias.    Their study 

only covered the hair at the time of learning.   The importance of this is discussed in 

Chapters 3 and 4.  

One of the earliest pieces of research, and probably one of the most cited, that looks 

at the relationship between internal and external features in the processing of familiar 
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and unfamiliar faces is work by Ellis, Shepherd, and Davies (1979).  The paper was 

divided into two main experiments, one of which investigated familiar (famous) 

faces and the other which looked an unfamiliar faces.  In the experiment which 

involved familiar faces, these researchers employed three groups of participants (N = 

69). The first was a control group who were presented with a whole face (both 

internal and external features) and asked to name the person.  The second and third 

groups saw the internal features of half the famous faces and the external features of 

the other half (sample stimuli shown in Figure 1.5).   

 
Figure 1.5 �± Sample famous faces used by Ellis et al. (1979) 

All participants were presented with each face for 9 seconds with an interstimulus 

interval of 6 seconds, during which time they were required to write down the name 

of the face that they saw.  Participants identified 80% of whole faces, 50% of faces 

with only internal features and, 30% of faces with only external features.  As 

expected, performance was higher in the condition in which participants were able to 
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see the whole face (both internal and external features) compared to either internal or 

external features.  Furthermore, there was a significant difference between 

identification of faces with only internal features (50%) and only external features 

(30%).  Therefore, it seems that for the recognition of familiar faces, internal features 

are more informative than external features.  The second experiment in the Ellis et al. 

(1979) paper investigated the recognition of unfamiliar faces.  Ellis et al. (1979) used 

a typical yes/no recognition experiment in which the participants were presented 

with a series of faces in the learning stage which they were asked to learn.  Then, 

during a test stage, participants were presented with targets and distracters.  They 

were required to decide which faces they had previously seen.  During the learning 

stage all participants saw whole faces (internal and external features).  Participants 

were divided into six experimental groups, groups 1-3 saw stimulus-set A and 

groups 4-6 saw stimulus-set B.  This was done to ensure that any effect was not 

stimulus specific.  Within each stimulus-set, one group saw only internal features at 

test, another saw only external features at test, and the final one saw whole faces at 

test.  Participants were presented with 15 faces at the learning stage, each for 6 

seconds with an inter-stimulus interval of 3 seconds.  A total of 54 participants took 

part in the research which was split between the 6 experimental groups.  Ellis et al. 

(1979) found that participants in the whole face condition performed significantly 

better than those in either of the other two conditions.  Furthermore, there was no 

difference between performance of those participants in the only internal features 

and only external features.  This shows that in the recognition of unfamiliar faces, 

internal and external features are equally informative. 

More recently,  Megreya and Bindemann (2009) investigated the headscarf 

specifically.  These researchers conducted a number of experiments using a face 
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matching task.  In this kind of task participants are presented with two faces and 

asked to decide if the faces are of the same person or not.  In the first experiment 

Egyptian observers were shown Egyptian male and female faces (shown in Figure 

1.6).  
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Figure 1.6 - Sample stimuli taken from Megreya and Bindemann (2009). 

Mismatch External Match External 

Match External Mismatch External 

Mismatch Internal Match Internal 

Target 

Target 

Mismatch Internal Match Internal 
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The results showed that these Egyptian observers matched faces more accurately 

when they were presented with only internal features compared with only external 

features.  The results also showed that external features of males were matched more 

accurately than external features of females, where the external features of females 

were always a headscarf.  The experimenters replicated the internal feature 

advantage with the male-only stimuli in experiment 2 and also with a larger stimuli 

set in experiment 3.   Previously, the experiments had only used Egyptian 

participants with Egyptian faces but, in experiment 4, Megreya & Bindemann (2009) 

investigated if the effect would be present with British participants on British faces.  

So, a combination of British and Egyptian observers saw Egyptian and British faces.   

Results showed that Egyptian observers matched both British and Egyptian faces 

more accurately from only internal features compared to only external features.  This 

finding was surprising as previous research has indicated an external feature 

advantage for unfamiliar faces.   For British observers, these researchers found that 

the external feature advantage still existed thus, matching performance was higher 

for external features only when compared to only internal features.  It was argued 

that an internal feature advantage is present in Egyptian society as people regularly 

interact with females wearing a headscarf covering the external features. It is 

claimed that an internal feature advantage does not exist in Western society because 

people here are regularly exposed to faces with the external features showing.  This 

was quantified in further research by Megreya, Memon, and Havard (2011) in which 

the investigators presented Egyptian and British participants with a 90 second video 

of a staged crime in which a woman with a headscarf or woman with hair was seen 

stealing a laptop from an office.  The Egyptian participants saw an Egyptian woman 

with or without a headscarf and the British participants saw a British woman with or 
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without a headscarf.  Following the clip, participants were presented with a line-up 

of faces either with or without a headscarf and they were asked to identify the 

woman from the video.  They found that British participants performed better when 

the culprit was shown with hair both in the video and in the line-up, however, the 

opposite was true for the Egyptian participants.  They performed better when the 

target was shown with a headscarf both during the clip and in the line up.  These 

findings were used as evidence to support cultural origin of the internal feature 

advantage displayed by the participants in Megreya and Bindemann (2009).           

1.5 Own Race Bias 

The phenomenon known as the Own Race Bias (ORB) (also known as the Cross 

Race Effect (CRE), Other Race Effect (ORE), and Cross Race Bias (CRB) (Sporer, 

2001)) has been studied for a long time and has been demonstrated across a variety 

of research studies. Brigham and Ready (1985) �G�H�I�L�Q�H�� �W�K�H�� �2�Z�Q�� �5�D�F�H�� �%�L�D�V�� �D�V�� �³�W�K�H��

tendency of individuals to perceive more similarity in the appearance of other-race 

�P�H�P�E�H�U�V�� �W�K�D�Q�� �L�Q�� �W�K�H�L�U�� �R�Z�Q�´���� �� �$�Q�� �D�O�W�H�U�Q�D�W�L�Y�H�� �G�H�I�L�Q�L�W�L�R�Q��is that the ORB is the  

�³�U�H�O�D�W�L�Y�H���L�Q�D�E�L�O�L�W�\���W�R���U�H�F�R�J�Q�L�]�H���S�H�U�V�R�Q�V���R�I���D�Q�R�W�K�H�U���U�D�F�H�´��(Malpass & Kravitz, 1969).  

So, a White individual would be better at recognising another White individual 

compared to a South Asian individual.  Similarly, a South Asian individual would be 

better at recognising another South Asian individual compared to a White individual.  

It is important to discuss the ORB because the experiments reported in this thesis 

employed participants who were South Asian and White.  Therefore, the presence of 

a variable such as Race needs to be considered so that it may be taken into account 

when interpreting the results.  The premise of the bias is similar to that of the Own 

Gender Bias in that they both refer to inferior recognition of faces belonging to 

another group.  As the Own Race Bias (ORB) has been studied extensively, 
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Meissner and Brigham (2001) have conducted a meta-analysis of the research on the 

phenomenon.  These researchers discuss the reliability of the effect across different 

races.  Bothwell, Brigham, and Malpass (1989) who, in a meta-analysis, found that 

approximately 79% of the Black and White participants whose data was reviewed 

demonstrated the ORB, therefore, advocating a significant contribution of the effect 

in the recognition of faces, hence confirming the validity and cross-cultural 

consistency of the effect.  Studies of the ORB are important as they can potentially 

contribute to the efficiency of the criminal justice system as demonstrated by 

Lickson (1974) with the account of five Black men wrongly accused of murder 

based on the evidence provided by White witnesses (known as the Quincy Five).   

The Social Contact Hypothesis (Allport, 1954) is an explanation for the ORB. It 

proposes that the amount an individual is exposed to a certain race contributes to 

their ability to distinguish between people of that particular race.  An example of this 

would be the exposure of South Asian individuals in a predominantly White society.  

The South Asian individuals would need to distinguish between the White 

individuals and therefore would adapt to distinguishing between their faces.  In 

relation to this, Wright, Boyd, and Tredoux (2003) found that a minority population 

within a geographic region show a lesser level of bias compared to the majority 

population.  Again, this can be explained in terms of the Social Contact Hypothesis 

(Allport, 1954), whereby, South Asian individuals would be exposed to more White 

individuals in comparison to the number of South Asian individuals a White 

individual would be exposed to.  A large proportion of research exploring the ORB 

has used the explanation of Social Contact (Chiroro & Valentine, 1995a; Chiroro, 

Tredoux, Radaelli, & Meissner, 2008; Walker & Hewstone, 2006b, 2008; Walker, 

Silvert, Hewstone, & Nobre, 2008; Wright, Boyd, & Tredoux, 2001; Wright et al., 
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2003). Although the Social Contact Hypothesis is the predominant explanation, it is 

not the only one.  Sporer (2001) highlighted that there are many other explanations 

that have been researched.  They report that one explanation which is found in the 

literature is that there may be differences in physiognomic variability.  That is, 

maybe certain races of people just look more alike to each other than other races.  

This theory is based on anecdotal evidence and was investigated by Goldstein and 

Chance (1978) who asked participants to rate pairs of Japanese and White faces 

based on how similar they were to each other.  These researchers found that 

participants did not rate the Japanese faces as more similar to each other compared to 

the White faces.  Therefore, they did not find any evidence for this anecdotal theory.  

Another explanation which was reviewed by Sporer (2001) was that other-race faces 

are assigned a different level of attention and that there is some aspect of cognitive 

disregard.  Rodin (1987) investigated the notion of cognitive disregard to understand 

�W�K�H�� �I�D�F�W�R�U�V�� �Z�K�L�F�K�� �F�D�X�V�H�G�� �V�R�P�H�� �S�H�R�S�O�H�� �W�R�� �E�H�F�R�P�H�� �³�L�Q�Y�L�V�L�E�O�H�´�� �W�R�� �R�W�K�H�U�V���� �� �+�H�U�� �W�K�H�R�U�\��

defined cognitive disregard as noticing but not identifying certain people.  She found 

that factors such as age and race were disregard cues.  These findings can be used to 

explain some of the ORB, however, it seems unlikely that cognitive disregard can 

work independently, rather, it may be that the motivation for including certain 

factors as cues for disregard can be influenced by social experiences.  Furthermore, 

with reference to the Levels of Processing Theory (Craik & Lockhart, 1972), Ellis, 

Deregowski, and Shepherd (1975) reported that participants from different races had 

a different focus of attention when recognising faces which may be the reason why 

recognition of the other race is inferior.  For example, in their research they asked 

White and Black participants to describe the Black and White faces that were 

presented to them.  They found that White participants more frequently used 
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descriptions involving hair colour, hair position, and hair texture compared to Black 

participants.  This shows that people from different races process different parts of 

the face which may affect their ability to recognise faces of another race.  For 

example, it seems that the White participants use hair information more because 

there is much more natural variation in hair amongst White people than Black 

people.  Alternatively,  Brigham and Ready (1985) highlight the possibility of 

ethnocentric attitudes, whereby, people tend to look at the rest of the world from the 

eye of their own culture.  Therefore, regardless of who the other race is, people 

would be equally bad at recognising them because they are different from their own-

race.  Evidence for this final explanation comes from Pauker and Ambady (2009) 

who demonstrated the ORB and also found that the size of the effect was reduced 

when participants were encouraged to include the other race in the in-group.  These 

researchers also found that, when racial labels were given to ambiguous faces, it 

improved or made worse the levels of recognition depending on whether the label 

was for the participants�¶ own-race or the other-race.  It may be that no single one of 

these explanations is able to entirely explain the effect, perhaps because some of the 

explanations may overlap.  For example, an increase in social contact with the other-

race may affect the cognitive mechanisms and processes involved in face 

recognition. 

The majority of previous work on the ORB has employed White or Black 

participants.  The meta-analysis by Meissner and Brigham (2001) reports that the 

vast majority (88%) of samples used were either White or Black, with only a few 

studies employing other races.  Therefore, as South Asians make up 4.4% of the UK 

population (Office for National Statistics, 2001), more specific research with this 

ethnic group would be beneficial.  By reviewing previous research it is apparent that 
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only Walker and Hewstone (2006a)  have looked specifically at the ORB between 

South Asian and White participants in the United Kingdom.  They found that the 

ORB was present in White participants, but not in participants from a South Asian 

origin.  Again, this can be explained in terms of the Social Contact Hypothesis, 

whereby South Asian participants were less likely to display ORB, due to the level 

of exposure experienced from a very early age in life.  Walker and Hewstone 

(2006b) argued that White faces were predominantly visible across all forms of 

media, along with role models, and many professionals such as doctors, dentists, or 

teachers.  The exposure to South Asian people was limited to perhaps just at school 

or occasionally in the media.  On analysis of the Walker and Hewstone (2006a) 

study, it can be seen that a limited sample was used.  The participants were male 13-

16 year olds, therefore firstly ruling out females and secondly older participants. It 

would be more advantageous to employ participants over the age of 16 years after 

some more exposure to the other-race, maybe in a work environment, or social 

activities which seem to increase at this age.   

1.6 Holistic and Featural Processing 

Unfortunately, in the literature on face processing there is no consensus regarding 

the definitions of holistic and featural processing.  One good definition of holistic 

processing is provided by Taubert, Apthorp, Aagten-Murphy, and Alais (2011), who 

describe it as a gestalt approach to face processing.  Hence, the visual system 

integrates the facial features into a gestalt whole.  This results in the face being 

processed as a single unit rather than a sum of constituent parts.  To understand 

holistic processing facial features can be divided into two types.  First order features 

refer to eyes, nose, mouth etc, which enable us to distinguish objects from faces.  

Second order features refer to the relationship between the features, which enables 
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humans to distinguish between different faces.  In second order processing, to tell the 

difference between face A and face B, the human brain will analyse the distances 

between the individual features of the face.  This can be either when the face is learnt 

or when it is recognised.  When faces are inverted, it disrupts the ability to process 

second order features, hence, a drop in recognition performance is seen.  This is 

probably why the magnitude of the inversion effect is sometimes used an indicator of 

the level of holistic processing (Taubert et al., 2011).   

The terms holistic and configural processing are commonly used interchangeably in 

the general literature of face processing.  Rossion (2008) makes a distinction 

between these two types of processing.  This will be used in an attempt to eliminate 

further confusion.  Holistic processing will be referred to as the general process used 

by the visual system to glue together individual parts of the face into a gestalt 

representation.  Configural processing refers to the processing of second order 

features which analyses the relationship between the different features of the face.  

Therefore, configural processing is a sub-process of holistic processing.  Rossion 

(2008) also makes a clarification on the definitions of configural and featural 

informati�R�Q���� �� �&�R�Q�I�L�J�X�U�D�O�� �L�Q�I�R�U�P�D�W�L�R�Q�� �L�V�� �G�H�I�L�Q�H�G�� �D�V�� �³�P�H�W�U�L�F�� �G�L�V�W�D�Q�F�H�V�� �E�H�W�Z�H�H�Q��

�I�H�D�W�X�U�H�V�´�� �Z�K�H�U�H�D�V�� �I�H�D�W�X�U�D�O�� �L�Q�I�R�U�P�D�W�L�R�Q�� �L�V�� �³�O�R�F�D�O�� �F�X�H�V�� ���H���J���� �V�K�D�S�H�� �R�I�� �P�R�X�W�K�� �H�W�F���´������

Another definition is put forward by Maurer, Le Grand, and Mondloch (2002) who 

proposed that configural processing refers to three distinct processes.  These are, (1) 

sensitivity to first order relations, (2) holistic processing �± which refers to the gluing 

together of the different facial features, and (3) sensitivity to second order relations.  

Maurer et al. (2002) mention that there is no consensus when it comes to the use of 

the term configural processing, as some research uses only one of the three processes 

mentioned above, others use two, and others use all three. 
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There are many types of experimental manipulations that can be applied to faces to 

explore their holistic, featural, or configural basis.  In the literature on face 

processing there are five main types.  These are: inversion, scrambling of facial 

features, composite face effect, whole-part superiority effect, and applying a blur. A 

variety of researchers use these five types of manipulations to provide evidence for 

the relevant type of processing.  The composite face effect was put forward by  

Young, Hellawell, and Hay (1987).  These researchers joined the top half of one face 

(familiar) to the bottom half of another face (familiar), thus forming a composite face 

(as shown in Figure 1.7).   

 
Figure 1.7 �± Sample stimuli used by Young et al. (1987) 

Results showed that participants were slower to recognise a composite face when the 

top and bottom half were vertically aligned compared to when they were misaligned.  

This showed that features of a face are integrated in a holistic representation which is 

then used for processing.  After these initial results, other researchers successfully 



33 
 

replicated this finding for unfamiliar faces (Hole, 1994; Hole, George, & Dunsmore, 

1999; Le Grand, Mondloch, Maurer, & Brent, 2004). 

The whole-part superiority effect is put forward by Tanaka and Farah (1993) who 

presented participants with a series of faces to learn during an encoding phase of a 

yes/no recognition task.  Then, during the test phase, participants recognised facial 

features individually or in the context of the whole face.  They found that recognition 

of facial parts was better when they were presented in the context of the whole face 

compared to when they were presented in isolation.  Again, this provided compelling 

evidence which showed that individual features of a face form a gestalt whole which 

is then processed rather than individual features.  Therefore, as noted by Goffaux and 

Rossion (2006), the recognition of one facial part is affected by those around it.  The 

Face Inversion Effect (FIE) is also used as evidence for the existence of some sort of 

holistic processing in faces.  Research has shown that, when a face is inverted, 

participant performance decreases to near chance level (Yin, 1969).  This has been 

taken as evidence to support the notion that faces are processed holistically.  In 

addition to this, blur also decreases performance as well as the scrambling of facial 

features (Collishaw & Hole, 2000).  

Before continuing on to cognitive models of face recognition, it may be insightful to 

look at work by Schwaninger, Lobmaier, and Collishaw (2002) which provides an 

integrative cognitive/computational model to explain the role of featural and 

configural processing in face recognition.  In their study, Schwaninger et al. (2002) 

conducted two experiments.  The first experiment investigated unfamiliar faces and 

the second did the same for familiar faces.  Only the experiment involving unfamiliar 

faces will be discussed.  All participants were presented with a set of intact upright 

faces during the learning stage of a yes/no recognition task.  Then, during the test 
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stage, participants were divided into three groups: one of which saw a blurred face, 

the second which saw a scrambled face, and the third which saw a scrambled and 

blurred face.  The prediction was that blurring would disrupt featural processing and 

scrambling would disrupt configural processing.  Therefore, both blurring and 

scrambling would disrupt both types of processing.  These researchers conducted 

three one-sample t-tests to look at whether performance differed significantly from 

chance.  They found that both the blurred condition and the scrambled condition 

differed from chance.  Thus, this shows that disruption to either configural or 

featural processing can cause a drop in performance.  They also found that in the 

condition in which participants viewed blurred and scrambled faces, performance 

decreased to chance level.  This finding highlights that both configural and featural 

information are required for successful processing of faces.  These researchers did 

not conduct an ANOVA in this experiment which would have made more sense as it 

would have allowed a comparison to be made between the different groups of 

participants.  Instead, these researchers took data from the second experiment 

(famous faces) and conducted an overall ANOVA which found that blurred faces 

were better recognised than scrambled faces, regardless of face type (unfamiliar or 

famous).  The researchers used these results to produce what has become known as 

the integrative model for unfamiliar and familiar face recognition.  This is shown in 

Figure 1.8 below.  The model is a good representation of the role featural and 

configural processing play in the overall representation of familiar and unfamiliar 

human faces.  Schwaninger et al. (2002) suggest that faces are represented by metric 

representations in the areas concerned with primary vision in the brain which 

correspond to the perception of pictorial aspects of the face.  Once this process of 

representing faces in the vision parts of the brain using metric spatial relations, 
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further processing takes place which extracts featural and configural information 

which activates higher visual areas of the ventral stream.    

 
Figure 1.8 �± Integrative model for unfamiliar and familiar face recognition �± taken 
from Schwaninger et al. (2002). 

 

1.7 Multi -Store Model of Memory 

Now that the sociological aspects of the Muslim headscarf and the literature 

surrounding face perception have been considered, the following sections aims to 

take more psychological stance of memory and face recognition in general.  This will 

enable a link to be made between the Muslim headscarf and face recognition.  It is 

important to consider memory models as it enables a greater understanding about 

what processes are actually being investigated.  One of the earliest models of human 

memory which was proposed by Atkinson and Shiffrin (1968) is known as the multi-

store model of memory (MSM).  The model consists of three main components: 

sensory store, short term memory (STM), and long term memory (LTM).  They 

proposed that, when a given stimulus is presented to an observer, it enters the 

sensory store where it needs to be attended to or it will be lost through decay.  If the 
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stimulus is attended to, then it is passed to the STM where it needs to be rehearsed 

for it to be passed to LTM.  If it is not rehearsed whilst in the STM, then the 

information will be lost through displacement.  Finally, whilst the information is 

stored in LTM it can be lost through interference which can be of two types: 

retroactive and proactive interference.  This model is shown in the Figure 1.9 below. 

 

Figure 1.9 �± Multi -store Model of Memory (Atkinson & Shiffrin, 1968).  Illustration 
taken from Groome (1999). 

The sensory store is very brief in its duration and information is stored here for less 

than a second (Atkinson & Shiffrin, 1968).  If attended to, the information is passed 

to STM, which has a very limited capacity.  Peterson and Peterson (1959) provided 

evidence which showed that the duration of the STM store is between 15 and 30 

seconds.  After this period the information is either passed to the LTM store or lost.  

Miller (1956) demonstrated that STM store is capable of holding 7 ± 2 chunks of 

information. That is, the STM store can process between 5 and 9 pieces of 

information depending on the person.  Furthermore, the information in the STM 

store is susceptible to the recency effect (Glanzer & Cunitz, 1966) which refers to 

the theory that information which is presented towards the end of a list, is more 

likely to be recalled compared to information which is presented at the beginning of 

a list.  One method of eliminating the recency effect is counting backwards for 10 

seconds which interferes with rehearsal.  However, Bjork and Whitten (1974) found 

that counting backwards for 12 seconds was not sufficient to reduce the effect.  For 

this reason, it may be necessary to complete a distracter task for more than 12 
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seconds to eliminate the recency effect.  Baddeley and Hitch (1974) felt that the 

STM store was too vaguely defined; hence, they introduced the Working Memory 

Model which, to some extent, overcame these concerns.  Once information has been 

sufficiently rehearsed in the STM store it is passed to the LTM store which is 

thought to have an unlimited capacity and duration.  In most cases, information 

needs to be passed from the sensory memory to the STM store then on to the LTM 

store however, in some circumstances information may be passed directly from the 

sensory stores to the LTM store.  This kind of memory is known as a flashbulb 

memory (Brown & Kulik, 1977).  One example of a flashbulb memory is hearing 

that Princess Diana had died.  Most people, if asked, would be able to identify where 

they were when they heard the news, who they were with, and probably how they 

felt.  It is thought that the LTM is divided into two types: explicit and implicit 

memory.  Implicit memory contains information such as skills, emotional 

conditioning, conditioned reflexes, and priming effects (Schacter, 1987).  Explicit 

memory refers memories which store information about autobiographical events 

such as what a person had for lunch, the names of their children, where they were 

born, vocabulary, and language (Baggett, 1975).  One sub-category of Explicit LTM 

is recognition memory, which is the type of memory that will be investigated in the 

experiments reported in this thesis.  As previously mentioned, the aim of this thesis 

was not to investigate explicit recognition memory, rather, it was to investigate the 

effect of the Muslim headscarf on face perception.  Memory models have been 

discussed to further the understanding of which processes are being used when 

recognising headscarf wearing faces. 
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1.8 Cognitive Models of face recognition  

To enhance our understanding of face recognition, it is important to look at the 

theories that explain the recognition of human faces.  These can be theoretical 

models or models based on regions of the human brain.  The two-route model of face 

recognition proposed by Bauer (1984) is widely accepted in the literature on face 

processing.   The model proposes that there are two distinct routes to processing a 

face, one based on overt recognition of faces and the other, on autonomic arousal.  

Bauer (1984) based the theory on work that was conducted with patient LF.  This 

�S�D�W�L�H�Q�W���V�X�I�I�H�U�H�G���I�U�R�P���S�U�R�V�R�S�D�J�Q�R�V�L�D���Z�K�L�F�K���O�H�G���W�R���D���G�H�F�U�H�D�V�H���L�Q���W�K�H���S�D�W�L�H�Q�W�¶�V���D�E�L�O�L�W�\���W�R��

recognise familiar faces.  When LF was shown faces to recognise, he was unable to 

do so, however, the researcher noted a greater autonomic skin response when the 

correct names of the faces were read out compared to when incorrect names were 

stated.  This led the researcher to make the distinction between overt and covert 

recognition of faces.   Bauer (1984) extensively developed the model and defined the 

neural pathways involved in the two types of recognition.  He found that for overt 

recognition the ventral visual-to-limbic pathway was important, and in covert 

recognition, the dorsal visual-to-limbic pathway was key.  This model was adapted 

by Ellis and Young (1990) who used it to explain a condition known as Capgras 

Syndrome, where the patient believes that a familiar face has been replaced by an 

imposter.  Ellis and Young (1990) argued that the face recognition ability is normal 

in these patients and that the autonomic response is impaired.  In relation to this 

matter, Young and Bruce (1998) propose that although the model provides an 

explanation as to how neuro-anatomical pathways subserve cognitive processes, it 

does not provide details about the cognitive modelling of face recognition.  An 

attempt at providing the details of such cognitive processes was put forward by 
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Bruce and Young (1986).  They proposed a widely-cited and prominent cognitive 

model of face recognition.  The model consists of eight components that follow a 

sequential process as shown in Figure 1.10. 

 
Figure 1.10 - Taken From Bruce and Young (1986). 

The model attempted to explain how face recognition works.  The first of the eight 

components is structural encoding.  This is thought to produce various descriptions 

of faces such as: view centred descriptions and abstract descriptions of the 

configuration of features on the face and of the features themselves.  Expression 

�D�Q�D�O�\�V�L�V�� �U�H�I�H�U�V�� �W�R�� �W�K�H�� �H�Q�F�R�G�L�Q�J�� �R�I�� �D�� �S�H�U�V�R�Q�¶�V�� �H�P�R�W�L�R�Q�V���� �X�V�L�Q�J�� �W�K�H�� �F�K�D�Q�J�H�� �L�Q��

configuration of the facial features.  Facial Speech analysis refers to the ability that 
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enables a person to understand what another person is saying, by analysing the 

movements of the mouth and tongue.  Directed visual processing refers to face 

specific information and is fed into by the structural encoding node.  Face 

recognition units are thought to contain information regarding the structure of known 

faces, and these are fed into by the speech and expression analysis.  Person identity 

nodes (PIN) provide the perceiver with specific information regarding the individual, 

e.g. their occupation, interests, siblings etc.  Name generation refers to the node that 

�V�W�R�U�H�V�� �W�K�H�� �L�Q�G�L�Y�L�G�X�D�O�¶�V�� �Q�D�P�H���� �D�Q�G�� �F�D�Q�� �R�Q�O�\�� �E�H�� �D�F�F�H�V�V�H�G�� �W�K�U�R�X�J�K�� �W�K�H�� �3�,�1���� �� �7�K�L�V��

�L�P�S�O�L�H�V�� �W�K�D�W�� �D�� �S�H�U�V�R�Q�¶�V�� �Q�D�P�H�� �F�D�Q�Q�R�W�� �E�H�� �U�H�W�U�L�H�Y�H�G�� �Z�L�W�K�R�X�W�� �D�Q�\�� �V�S�H�F�L�I�L�F�� �L�G�H�Q�W�L�I�\�L�Q�J��

information about them.  Activation of this node �J�H�Q�H�U�D�W�H�V�� �W�K�H�� �L�Q�G�L�Y�L�G�X�D�O�¶�V�� �Q�D�P�H������

Finally, the cognitive system acts as a central hub that decides which nodes receive 

attention. As discussed previously, the account provided by Bruce and Young (1986) 

is a baseline for others to build upon.  These researchers made a distinction between 

the use of the model for familiar and unfamiliar faces.  It was proposed that 

recognition of familiar faces mainly relies on structural encoding, face recognition 

units, person identity nodes, and name generation.  Conversely, they proposed that 

the recognition of unfamiliar faces is thought to rely on structural encoding, 

expression analysis, facial speech analysis, and directed visual processing.  The 

distinction between familiar and unfamiliar face recognition is an important one, 

�Z�K�L�F�K���K�D�V���E�H�H�Q���G�L�V�F�X�V�V�H�G���S�U�H�Y�L�R�X�V�O�\�������%�U�X�F�H���D�Q�G���<�R�X�Q�J�¶�V���P�R�G�H�O���K�D�V���E�H�H�Q���V�X�S�S�R�U�W�H�G��

by experimental evidence such as Malone, Morris, Kay, and Levin (1982).  They 

studied patients that were either able to recognise familiar faces or unfamiliar faces, 

but not both.  This was taken as evidence for the existence of the differential 

processing of the two types of faces (familiar & unfamiliar), thus providing evidence 

�I�R�U���%�U�X�F�H���D�Q�G���<�R�X�Q�J�¶�V���P�R�G�H�O�������)�X�U�W�K�H�U���V�X�S�S�R�U�W���F�D�P�H���I�U�Rm Young, Hay, McWeeny, 
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Flude, and Ellis (1985) who found that, when participants were asked to keep diaries 

about face recognition problems, they �Q�H�Y�H�U���U�H�S�R�U�W�H�G�� �N�Q�R�Z�L�Q�J�� �D�� �S�H�U�V�R�Q�¶�V�� �Q�D�P�H�� �E�X�W��

not knowing any other information.  This supports the concept of the model that 

stipulates that humans are unable to name someone without going through the PIN.  

The model is also supported by Young, Ellis, and Flude (1988) who presented 

participants with faces of politicians and entertainers who were assigned the name of 

David or Michael.  They found that participants took significantly longer to identify 

the faces by their name than their occupation.  This supports the Bruce and Young 

(1986) model because the model would predict that the naming condition would take 

longer because this involves activation of the PIN and name generation node 

whereas the occupation condition only involves activation of the PIN.  This notion 

that a �S�H�U�V�R�Q�¶�V name cannot be retrieved without knowing other information about 

them is also supported by Hanley and Cowell (1988) who presented participants with 

pictures of celebrities and found that the names were never produced with knowing 

the occupation of the celebrity.        

Despite the aforementioned research that supports the model, it also has some 

limitations.  Most of the criticisms fall under the general topic of lack of clarity.  For 

example, the authors lack clarity regarding what kind of information is held in the 

cognitive system when a familiar face is perceived.  The model is also vague about 

how a face is perceived, whether it is initially perceived as a face or an object.It does 

not provide a comprehensive account of unfamiliar face recognition.  The description 

given by Bruce and Young (1986) is not fully specified and does not fully appreciate 

the complexities of unfamiliar face recognition.    Additionally, the cognitive system 

is vaguely defined so the reader has a lack of understanding as to what exactly its 
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function is.  It can be argued that the cognitive system is just a central hub, the 

functions of which are not explicitly defined.  

The Interactive Activation Model (Burton & Bruce, 1993) was proposed to address 

�W�K�H�� �F�R�Q�F�H�U�Q�V�� �U�D�L�V�H�G�� �E�\�� �F�U�L�W�L�F�V�� �D�E�R�X�W�� �W�K�H�� �%�U�X�F�H�� �D�Q�G�� �<�R�X�Q�J�¶�V�� �P�R�G�H�O�� �R�I�� �I�D�F�H��

recognition.  This model is a development of the Bruce and Young (1986) model and 

was further developed by Burton, Bruce, and Hancock (1999).  It is a connectionist 

model in which the definitions of the face recognition units and name recognition 

units are that they store specific information about faces and the names of people.  

These researchers go on to describe the person identity nodes as a gateway to the 

semantic information which can be activated by speech or by seeing a face.   The 

final component in the model is the semantic information unit which contains 

specific information about individuals.  The authors proposed that the names of 

famous people and other semantic information are stored together in one pool rather 

than in separate pools, as suggested by Bruce and Young (1986).  Bredart, Valentine, 

Calder, and Gassi (1995) tested this prediction and found that participants found it 

easier to recall a famous person�¶s name from their face when they were given a lot of 

semantic information compared to when they were not.  This shows that names do 

not compete with other semantic information, therefore suggesting that they are 

stored in a separate store rather than the same store as semantic information.  The 

Interactive Activation Model is an improvement on the previous model as it is more 

flexible and is more able to explain the aspects of unfamiliar face recognition that 

were not previously explained in the account by Bruce and Young (1986). 
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1.9 Computational Models of Face Recognition 

In addition to cognitive models of face recognition, in the field of computer vision 

there has been much in the way of developing algorithms which enable computers to 

recognise human faces and may also further the understanding of why face 

perception becomes worse when images are blurred or negated.  The face space 

model proposed by Valentine (1991) is one which is very influential and is used by 

both psychologists and computer vision researchers.  The basic premise of the model 

is that faces are metaphorical points in a multidimensional space which is defined by 

n dimensions.  The number of dimensions in this virtual face space depends on how 

�P�D�Q�\���³�I�H�D�W�X�U�H�´���V�H�W�V���D���J�L�Y�H�Q���I�D�F�H���F�D�Q���E�H���H�Q�F�R�G�H�G���Z�L�W�K�������7�K�H�U�H�I�R�U�H�����W�R���U�H�S�U�H�V�H�Q�W���D���I�D�F�H��

in face space, each face has a value on each of the axes.  Theoretically, when 

participants judge the similarity between two faces so that they can identify them, the 

distance between the two faces in face space is used.  O'Toole (2011) explains the 

face space model (Valentine, 1991) in terms of three separate forms: abstract, 

psychological, and computational.  Abstract face space in its original form as 

explained by Valentine (1991) is used to understand how the typicality of human 

faces affects their recognition.  They proposed that faces that are typical are clustered 

around the centre of face space which makes them more difficult to recognise.  Next, 

O'Toole (2011) explains psychological face space as that which represents human 

�I�D�F�H�V���L�Q���D���³�P�D�S-�O�L�N�H���Z�D�\�´���L�Q���W�K�H���I�R�U�P���R�I���D���P�D�W�U�L�[���Z�K�L�F�K���L�V���F�U�H�D�W�H�G���E�\���M�X�G�J�H�P�H�Q�W�V���R�I��

similarity between pairs of faces (based on a variety of different features).  Similarity 

judgements from a large sample of participants are put through a procedure known 

as Principle Components Analysis (PCA) which produces n dimensions.  The output 

of the analysis lists each variable (n) according to how much variance is explained 

by it.  Then, somewhat subjectively, the researchers decide which of the variables 
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(dimensions) they want to include in their account of psychological face space.  

These dimensions include descriptions of a face such as shape or complexion.  

Although the psychological face space is important, it has some limitations.  One of 

the limitations given by O'Toole (2011) is that the number of dimensions that are 

included in face space is limited, therefore, it may not be sufficient enough to explain 

the complex nature of faces.  Finally, O'Toole (2011) explains the concept of 

computational face space which is created by taking physical measures from a large 

set of faces which can be anything on the face that is quantifiable such as nose 

length, distance between the eyes, or width of the lips.  These physical measures are 

submitted to a PCA, much like in the psychological face space, which produces a set 

of n dimensions.  The difference between the dimensions in the psychological and 

computational face space is that in the former the dimensions are based on somewhat 

subjective judgements by human observers which may be influenced by individual 

differences between participants, whereas in the latter, they are based on physical 

differences between faces.    

An example of computational face space is given by Turk and Pentland (1991) who 

�X�V�H�G�� �³�(�L�J�H�Q�I�D�F�H�V�´�� �L�Q�� �I�D�F�H�� �F�O�D�V�V�L�I�L�F�D�W�L�R�Q���� �Z�K�L�F�K�� �F�D�Q�� �E�H�� �F�U�H�D�W�H�G�� �E�\�� �W�K�H�� �S�U�R�F�H�V�V��

outlined above in which the relative distances between features on a large number of 

faces are subjected to a PCA.  This analysis allows for a 2D representation of the 

sum of all faces.  This created an Eigenface which is the average of all the faces in 

the training set.  Each face in the set is assigned a set of co-ordinates which 

determine its position in a 2D face space, relative to the baseline Eigenface. At 

recognition, when the system is required to recognise a given face, the target face is 

transformed into an Eigenface with its own co-ordinates and then tested to see if 

these co-ordinates match those of an existing face in the database.  In practice, any 
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given face can be transformed into an Eigenface by using PCA.  For this reason, 

Eigenfaces are stored as a set of values, co-ordinates if you will, which are then used 

to situate them in face space.  One drawback of computational models based on 

visual representations is that there are many changes in face images which can lead 

to the disruption in recognition ability such as a change in illumination, viewpoint, or 

facial expression.  There have been many different approaches which have attempted 

to overcome these problems in automatic face recognition.  For example, Tan, Chen, 

Zhou, and Zhang (2006) highlight that by increasing the number of available images 

in a given database for each face identity, recognition accuracy by such models can 

be increased.  Furthermore, Wiskott, Fellous, Kruger, and von der Malsburg (1997) 

proposed an alternative model which, to some extent, was able to withstand changes 

�W�R�� �W�K�H�� �I�D�F�H�� �L�P�D�J�H���� �� �7�K�H�� �P�R�G�H�O�� �E�D�V�H�G�� �R�Q�� �³�*�D�E�R�U�� �-�H�W�V�´�� �X�V�H�G�� �D�� �Q�X�P�E�H�U�� �R�I�� �G�L�I�I�H�U�H�Q�W��

Gabor filters to code a variety of different regions on a given face.  The responses 

were stored as vectors, therefore, each image was stored as a Gabor Jet vector.  This 

accounted for changes in viewpoint and illumination because, depending on the task, 

low-level factors such as edge detection remained unchanged.   

Dakin and Watt (2009) highlight difficulties with the models based on the 

multidimensional face-space framework in that they do not explain why changes in 

illumination or inversion worsen the recognition of faces because in these variations 

the multi-dimensional representation of a face are unchanged. They proposed their 

own model of face recognition with r�H�O�D�W�L�R�Q���W�R���W�K�H���F�R�Q�F�H�S�W���W�K�H�\���Q�D�P�H���D�V���³�E�L�R�O�R�J�L�F�D�O��

�E�D�U�F�R�G�H�V�´�������,�Q���W�K�H���U�H�V�H�D�U�F�K���W�R���V�X�S�S�R�U�W���W�K�H�L�U���P�R�G�H�O���W�K�H�\���D�S�S�O�L�H�G���K�R�U�L�]�R�Q�W�D�O���D�Q�G���Y�H�U�W�L�F�D�O��

filters to two different faces.  By doing this, they demonstrated that horizontal 

filtering gave more information about facial identity because internal features were 

more salient in the horizontal filter.  To assess the contribution of either the 
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horizontal or vertical orientation, the faces of two male celebrities were morphed to 

create an average face (as shown in Figure 1.11).   

 
Figure 1.11 �± (a, b) the two original celebrity faces and (c) is their morph.  (d-f) 
shows the horizontal and (g-i) the vertical information contained in the three faces 
images. 

All three images were then transformed using a horizontal or vertical filter so that 

information from only one orientation was clearly visible.  To assess the contribution 

of horizontal filtering on determining the identity of celebrity 1, the horizontal filter 

for this celebrity was combined with the vertical filter of the average face.  This 

enabled these researchers to determine the role of information in the horizontal band 

of the face in identifying celebrity 1.  This was done for the vertical filter on 

celebrity 1 and also for both filters on celebrity 2.  These researchers demonstrated 

that, when the horizontal filters of a given face were combined with the vertical 

filters of an average face, the identity is easier to detect compared to when the 

vertical filter of a given face was combined with the horizontal filter of an average 
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face.  Dakin and Watt (2009) conducted psychophysical experiments to investigate 

this further.  They presented participants with a series of celebrities and the task was 

to identify them.  Participants viewed a series of faces with orientation filters that 

were applied to them.  These orientation filters ranged from -90° to 0° to 90°.  They 

found that performance was highest (56%) when the horizontal filter was applied (0 

degrees) which decreased as the orientation changed towards vertical (36%).  This 

result demonstrates that participants benefited most from information that was 

presented in horizontal bands rather than vertical bands. 

Next Dakin and Watt (2009) set out to explore the nature of the information stored in 

these horizontal bands and how this compared to other images such as flowers and 

�Q�D�W�X�U�D�O�� �V�F�H�Q�H�U�\���� �� �7�K�H�\�� �I�R�X�Q�G�� �W�K�D�W�� �W�K�H�� �L�Q�I�R�U�P�D�W�L�R�Q�� �Z�L�W�K�L�Q�� �W�K�H�� �K�R�U�L�]�R�Q�W�D�O�� �³�E�D�U�F�R�G�H�´��

�Z�D�V�� �³�V�S�H�F�L�D�O�´ because it displayed specific patterns of clustering that were not 

�S�U�H�V�H�Q�W���L�Q���R�W�K�H�U���W�\�S�H�V���R�I���V�W�L�P�X�O�L�������7�K�H�\���S�U�R�S�R�V�H���W�K�D�W���I�D�F�H�V���S�U�R�G�X�F�H���D���³�E�D�U�F�R�G�H�´�����P�X�F�K��

like barcodes on products at the supermarket.  These barcodes enable humans to 

detect and decode information about the face in order to identify it.  Each given face 

produces a set of stripes that is specific to it, much like a product at the shop.  These 

barcodes appear to work in a horizontal manner for which evidence was provided in 

their previous experiment.  Dakin and Watt (2009) then successfully apply the notion 

�R�I���³�E�L�R�O�R�J�L�F�D�O���E�D�U�F�R�G�H�V�´���W�R���N�Q�R�Z�Q���S�K�H�Q�R�P�H�Q�D���L�Q���I�D�F�H���U�H�F�R�J�Qition which is shown in 

Figure 1.12.  They demonstrate that barcodes are intolerant to inversion, which 

explains why face recognition worsens when a given face is inverted.  This inversion 

tolerance refers to both spatial inversion (turning a face upside down) and polarity 

inversion (inversing the polarisation of a face).  They also demonstrate how barcodes 

are tolerant to distortion in the form of compression (horizontal or vertical) and a 

variable pose.  In both forms of distortion it seems that face recognition abilities are 
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minimally affected.  Finally, they successfully apply the concept of biological 

barcodes to explain the tolerance of the human visual system to noise such as half 

tone or a variation in illumination.  The basic principle in all of these variations is 

that the performance on a face recognition task will not be affected if the biological 

barcode is not altered.  Some forms of distortion and noise do not alter the barcode 

hence performance is largely unaffected, whereas, inversion affects the barcode 

hence face recognition performance decreases.    

Figure 1.12 �± Taken from Dakin and Watt (2009). 

1.10 Neurophysiological Approach - Face perception and the brain 

There has been extensive research that has been conducted which looks at the 

neuroscience of face perception.  Much of this work has focused around the 

specialness of faces.  That is, whether faces are a special type of stimuli or if they are 

like any other visual object.  Some of this work provides evidence that faces are a 

special type of stimuli due to the presence of certain brain regions that are involved 

in their processing.  One such area of the brain is the fusiform face area (FFA), 

which is located in the fusiform gyrus in the extrastriate cortex (as shown in Figure 

1.13).  
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Figure 1.13 �± Illustration of the location of the FFA in the human brain,  Taken from 
Hagmann et al. (2008) 

 It seems that there is an obvious evolutionary advantage for having a specialised 

brain region for the processing of human faces.  It is advantageous for humans to be 

able to recognise other humans, whether it is for mating purposes, perceiving a 

threat, or merely for social interaction. 

Kanwisher et al. (1997) provided some of the earliest, most convincing, evidence 

about the role that the FFA plays in the processing of faces.  They conducted an 

experiment in which fMRI was used to investigate the activation of certain brain 

regions in the perception of certain types of stimuli.   Kanwisher et al. (1997) found 

that the FFA was activated more for intact faces compared to scrambled faces, faces 

more than houses, and faces more than hands.  This provided some evidence for the 

support of such a region that specialised in the processing of faces.  During the 

experiments these researchers conducted a variety of different tasks which enabled 

them to deduce that the FFA responded to different types of face stimuli, which then 

allowed them to eliminate a previous hypothesis for the role of the fusiform face 

area.  For example, in the condition in which they showed participants hands and 
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faces, they were able to show that the FFA does not selectively respond to animate 

stimuli (such as humans or animals) because activation was higher for faces than 

hands.  Therefore, if the FFA was responsible for just animate stimulus, then 

activation would not be any different when presented with hands or faces.  Another 

example is the condition in which participants were shown three-quarter view faces.  

The results of this showed that the region is not just responsible for image 

processing, rather, it processed low-level visual features which could be 

distinguishable in different views of the same face.  These researchers note that 

evidence exists for the holistic nature of face processing, hence further experiments 

are needed to explore whether the FFA is more responsive to other visual stimuli in 

which holistic processing is employed.  This would help to clarify whether the FFA 

is actually responsible for the holistic processing in general (discussed later).  

Kanwisher et al. (1997) propose that this could be done by inducing holistic 

processing mechanism to normally non-holistic objects.  As a result of this initial 

work by Kanwisher et al. (1997), there was an increase in the number of papers 

looking at this exciting effect.  Kanwisher and Yovel (2006) produced a 

comprehensive account of the role of the FFA in the processing of human faces.  

These researchers acknowledge that there are two current accounts for the role of the 

FFA in the processing of faces.  These two accounts fall into the more general debate 

around whether the mechanisms in the brain are domain-specific or domain-general.  

Domain-specific refers to the understanding that certain regions are responsible for 

processing one specific kind of information, for example faces.  Alternatively, the 

domain-general hypothesis specifies that each region is capable of processing any 

type of information.  Kanwisher and Yovel (2006) used a variety of methods to 

support the argument that face processing is domain-specific.   
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The study by Gauthier, Tarr, Anderson, Skudlarski, and Gore (1999) has been used 

as an example in which the effect of expertise has been explored in the FFA.  In this 

experiment, participants were presented with novel stimuli known as Greebles 

(shown in Figure 1.14) which, after a series of tasks, participants became familiar 

with.   

 
Figure 1.14 - Example of Greebles. Taken from Gauthier and Tarr (2002). 

These researchers showed that there was an activation of the FFA when Greebles 

were presented to experts.  This demonstrated an effect of expertise of the FFA, thus, 

it may be that the area is responsible for the processing of stimuli to which the brain 

has considerable expertise.  Gauthier and Tarr (2002) went on to show that object 

expertise can lead to the brain employing a more holistic processing mechanism.  

�7�K�H���*�U�H�H�E�O�H���H�[�S�H�U�L�P�H�Q�W���D�O�V�R���U�H�S�O�L�F�D�W�H�G���W�K�H���³�F�R�P�S�R�V�L�W�H���H�I�I�H�F�W�´���L�Q���Z�K�L�F�K���S�D�U�W�L�F�L�S�D�Q�W�V��

found it difficult to dissociate the top half of the face from the bottom, presumably 

because of the holistic nature of face processing.  Gauthier and Tarr (2002) report 

unpublished work in which they found that the neural changes in brain activation (in 

the right FFA) that accompanied expertise were associated with the shift to holistic 

processing of the stimuli.   This is supported further by Gauthier, Skudlarski, Gore, 

and Anderson (2000) who found that expertise with cars and birds had an increased 

activation in the right FFA which supports the holistic nature of expertise processing.  

Thus, Gauthier and Tarr (2002) use Gauthier et al. (2000) & Tanaka and Curran 

(2001) as evidence to support the argument that the neural mechanisms that are 
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involved in the processing of human faces are also responsible for other objects of 

expertise.  Furthermore, in support of this theory it would be reasonable to infer that 

role of FFA is to individuate the objects of specialism compared to the detection of 

faces.  This rationale is supported by Gauthier et al. (2000) in which participants 

were repeatedly exposed to the same face or a different face during a task in which 

they were required to locate a face.  fMRI data revealed that there was decreased in 

FFA activation (habituation) to the same face compared to different faces being 

presented sequentially.  This finding demonstrated that the FFA is responsible not 

only for the detection, but also for the identification of faces.   

1.11 Single Cell Recording Research 

In addition to the neuroimaging work that looks at regions of the brain, there is also 

literature which has looked at specific neurons that fire in response to faces.  Early 

work in this area was conducted by Perrett et al. (1982) who used rhesus monkeys 

and found that there was a population of cells which responded selectively to faces 

of humans or rhesus monkeys.  This finding suggested that there are neurones in the 

brain which are part of a wider system that is responsible for processing faces.  

Perrett et al. (1982) have conducted extensive work looking at the role of single 

neurones on face perception in monkeys.  More recently, work by Fried, MacDonald, 

and Wilson (1997) investigated the same phenomenon in humans.  They used 

patients with intractable epilepsy who were inserted with intracranial electrodes 

which were used to identify seizure focus.  Cell recordings were taken from the 

hippocampus and amygdala of human participants during a standard yes/no 

recognition task that involved human faces and other objects.  They found that, 

during both the learning stage and the test stage, cells in the medial temporal lobe 

discriminated between faces and other objects.  Furthermore, they found that some 
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units of cells responded differently to variety of emotions and to target or novel 

stimuli during the recognition stage of the task.  This research provided evidence that 

such neurones existed in humans and not only in monkeys.           

A very influential study in the area was conducted by Quiroga, Reddy, Kreiman, 

Koch, and Fried (2005), who investigated the firing of neurons in different areas of 

the brain in response to a variety of stimuli.  These researchers analysed responses 

from neurons that were located in the hippocampus, amygdala, entorhinal cortex, and 

the parahippocampal gyrus.  They found that some neurons displayed a high degree 

of inflexibility with regards to the stimuli to which they fired.  For example, they 

established that in one patient there was a single neuron that only fired to three 

different pictures of the previous president of the United States of America, Bill 

Clinton.  This illustrates that some neurons in the brain are specifically tuned to 

respond when they are presented with one type of stimulus.  In the actual experiment 

participants were shown an average of approximately 93 images of landmarks, 

buildings, animals, objects, and famous faces during the first phase.  Then, in the 

second phase, those images that caused a response in any of the neurons were 

presented again with a variant view (3-7 images).  The task was simple: participants 

were required to respond when they saw a picture of a human face.  Single cell 

recordings were taken whilst the different images were being presented during the 

second phase.  The results showed that, in one patient, there was present in the left 

posterior hippocampus a neuron which selectively responded to the actress Jennifer 

Aniston.  Furthermore, this same neuron did not respond to other famous faces (or 

very weak response), nor did it respond to pictures of Jennifer Aniston together with 

her then partner, Brad Pitt.  Additionally, in another patient these researchers located 

a cell in the right anterior hippocampus which selectively responded to the actress 
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Halle Berry.  The cell responded to photos of Halle Berry and also to drawings of 

her, but not to drawings of other people, hence it was not a cell tuned to drawings.  

Also, the cell fired in response to Halle Berry in a Catwoman outfit but not to other 

actresses dressed as Catwoman, which implied that this cell was specifically tuned 

for the identity of Halle Berry.  All of these findings, along with others reported in 

the paper by Quiroga et al. (2005), can be used as evidence to show that there are 

single cells in certain parts of the brain which contain abstract representations of the 

identity of certain persons or objects.  This explains why the cells responded for 

identity rather than for images. 

1.12 Aims and Objectives 

The aim of this thesis was to investigate the effect of the Muslim headscarf on face 

perception.  This was done by employing a series of psychological strategies such 

behavioural yes/no experiments, an eye-tracking experiment, a questionnaire, and a 

perceptual rating task. 

Chapter 2 describes the underlying methods and statistical theory that were used in 

the experimental chapters of the thesis.  In addition to this, in Chapter 2, two pilot 

studies are described, which determined the minutiae of the experimental design for 

Chapters 3, 4, 5, and 7.  One of the key points of progression across the pilot studies 

was the time given to participants during the learning stage of the yes/no recognition 

task.  In the first Pilot Study, the learning time was set to 1000ms for which no 

difference between headscarf and hair stimuli was found.  Then, in the second Pilot 

Study the learning time was set to 400ms, again, there was no difference between the 

recognition rates of headscarf and hair stimuli. 
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Given that no effect was found in the pilot experiments, Chapter 3 describes an 

experiment in which participants were given 6000ms (as opposed to 1000ms/400ms) 

during the learning stage.  This made the learning time more comparable to other 

face recognition studies which uses the yes/no recognition task.  As with the two 

Pilot Studies participants viewed headscarf and hair faces in the learning stage of the 

experiment, which were then presented to them at test along with distracter faces.  

Again, it was found that performance on faces with a headscarf was approximately 

equal to faces with hair.  To understand this lack of effect, another methodological 

amendment was introduced.  Instead of the state of the stimuli remaining consistent 

between the learning and test stage, it was switched.  That is, faces that were viewed 

with a headscarf in the learning stage were viewed with hair in the test stage (and 

vice versa).  It was found that those participants for whom the stimuli were switched 

from learning to test (from hair to headscarf or vice versa) performance was 

significantly worse compared to those participants for whom the stimuli remained 

the same.  This implied that the reason why an effect was absent was not due to the 

duration of time given to learn the faces, rather, it was due to the consistency of the 

external features of the stimuli between the learning and test stage.  In light of this 

result, it may be that some authors of previous research have not accurately 

interpreted their experimental findings.  However, such comments were not yet 

justifiable because the experiment in this chapter used headscarf stimuli whereas 

previous work used cropped stimuli. 

Thus, the experimental methods from the previous chapter were applied to more 

traditional stimuli of hair and cropped faces (instead of hair & headscarf ) in a 

separate experiment to see if the effect found for headscarf faces can be applied to 

cropped faces.  Again, a yes/no recognition paradigm was used in which 
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performance was compared for participants for whom the stimuli remained 

consistent from the learning to the test stage and those participants for whom the 

stimuli switched from learning to test.  The results of this experiment confirmed that, 

indeed there was a drop in performance when the stimuli were switched compared to 

when they were kept the same.  These findings have implications for generic face 

perception research as they highlight the holistic nature of face processing.    

As it had now been established that the effect found in Chapter 3 was not headscarf 

specific, the remaining part of the thesis reverted to headscarf faces.  Although, the 

experiment reported in Chapter 3 showed that there was a difference between the 

trials in which the stimuli were kept the same and those in which the stimuli were 

switched, it was unclear why there was such a difference.  Chapter 5 reports an 

experiment in which the yes/no recognition paradigm was combined with eye-

tracking methods.  The aim of the experiment reported in Chapter 5 was to explore 

the differences in eye movements between those participants that saw consistent 

stimuli from learning to test and  those who saw a switch (from headscarf to hair or 

vice versa) in stimuli. A further aim was to understand whether there was a 

difference between the regions of the face that are involved in the recognition of 

faces with a headscarf and those with hair.  It was found that there was no difference 

in the regions of the face upon which participants fixated in trials which the stimuli 

remained the same compared to trials in which the stimuli were switched.  It was 

concluded that, although the participants did not fixate the external features, they 

were difficult to ignore.   

Chapter 6 builds on the previous experimental chapters to add to the understanding 

of how females wearing a Muslim headscarf are perceived.  Anecdotal evidence 

suggests that headscarf-wearing females are more difficult to recognise.  Findings 
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from the previous experimental chapters do not validate such claims, however, they 

did show that external features are difficult to ignore.  To understand this further, the 

experiment reported in this chapter does not use the methods used the previous 

experiments.   A perceptual rating task was used in which participants were shown 

pairs of faces and asked to rate how similar they perceived the internal features of 

the two faces to be.  The experiment showed that pairs of female faces wearing a 

headscarf were perceived as being more similar compared to pairs of females faces 

with hair.  This suggests two things, firstly, that external features are difficult to 

ignore, which supports the notion that faces are processed holistically.  Secondly, the 

results confirm that headscarf-wearing females are perceived to be more 

homogenous and for this reason they are thought to be more difficult to recognise. 

�2�W�K�H�U���I�D�F�W�R�U�V���Z�K�L�F�K���P�D�\���L�Q�I�O�X�H�Q�F�H���D���S�H�U�V�R�Q�¶�V���D�E�L�O�L�W�\���W�R���U�H�F�R�J�Q�L�V�H���K�H�D�G�V�F�D�U�I-wearing 

faces are investigated in Chapter 7. The experiment reported in this chapter 

combines a yes/no recognition experiment with the Social Contact Questionnaire.  

This experiment aimed to understand the effect of contact with women wearing the 

Muslim headscarf on subsequent recognition of headscarf-wearing faces.  A 

secondary aim of this chapter was to quantify the extent to which the findings of 

Chapter 4 are affected by a change to experimental design.  It was found that, in 

some participants, contact with headscarf-wearing females mediated the ability to 

recognise headscarf-wearing faces. 
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Chapter 2 �± Methodology 

The methods used in any experiment can be an important factor in establishing 

whether a true effect is present or if it only occurs in a specific controlled 

environment.  The experimental approach is most widely used in face perception 

literature.  This can either be in the form of behavioural, eye-tracking, or 

neuroimaging studies.  Behavioural studies vary in their use and include methods 

such as the yes/no recognition task (e.g. Ellis et al., 1979; Lewin & Herlitz, 2002; 

Wright & Sladden, 2003), a matching task (e.g. Megreya & Burton, 2006; Young et 

al., 1985), and a perceptual discrimination task (e.g. Walker & Hewstone, 2006a; 

Walker & Tanaka, 2003).  Eye-tracking studies trace the movements of the eyes 

during face recognition tasks to understand where attention is focused during such 

tasks (e.g. Althoff & Cohen, 1999; Havard, 2007; Stacey et al., 2005).  

Neuroimaging studies use brain imaging methods such as functional Magnetic 

Resonance Imaging (e.g. Andrews, Davies-Thompson, Kingstone, & Young, 2010; 

Axelrod & Yovel, 2010; Davies-Thompson, Gouws, & Andrews, 2009) and Event 

Related Potentials (e.g. Wiese, Schweinberger, & Hansen, 2008) to measure the 

activity in different brain regions or neurons within the brain during tasks involving 

faces.  The experiments reported in this thesis used the behavioural paradigm, one 

eye-tracking experiment, and one experiment in which a questionnaire was used.  

There are a few different types of behavioural experiment that are described in the 

literature on face perception, which are briefly described below.  Following this, 

Signal Detection Theory (Green & Swets, 1966) is discussed and its relevance to the 

experiments reported in this thesis is considered.  Then, a general methods section 

describes the common methodological aspects amongst some of the experiments 
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reported in this thesis.  Finally, two pilot experiments are reported on which the 

methods of the experiments related in Chapters, 3, 4, 5, and 7 are based.    

2.1 Matching Task 

One common approach that is used in face perception literature is the face matching 

task. During this task, participants are shown two faces either simultaneously or one 

after the other and they were asked to decide if the faces are the same or different.  In 

some of the trials the face will be the same and in others it will be different. One of 

the earliest studies using this approach was Young et al. (1985) who investigated the 

matching of familiar and unfamiliar faces.  Other studies which use this kind of 

method include Brooks and Kemp (2007), Fletcher et al. (2008), Frowd et al. (2007), 

Hancock and Rhodes (2008), Megreya and Burton (2006), Meinhardt-Injac, 

Meinhardt, and Schwaninger (2009), and Tanaka, Kiefer, and Bukach (2004).  It is 

thought that the face matching task taps into the perceptual mechanisms of face 

processing because it requires little or no memory effort.  As discussed in the 

previous chapter, the experiments reported in this thesis are mainly concerned with 

the memory for human faces.  For this reason, this type of task was not used in the 

experiments reported. 

2.2 Perceptual Discrimination Task 

Walker and Hewstone (2006a, 2006b) used an adapted version of the matching task.  

Participants were presented with a face followed by a mask.  After this, the 

participants were presented with either the same face or a different face.  The task 

was to decide if the face was the same or different to the one previously presented.  

�7�K�H�� �³�G�L�I�I�H�U�H�Q�W�´�� �I�D�F�H�V�� �F�R�Q�V�L�V�W�H�G�� �R�I�� �D�� �P�R�U�S�K�H�G�� �Y�H�U�V�L�R�Q�� �R�I�� �W�Z�R�� �R�S�S�R�V�L�W�H�� �U�D�F�H�� �I�D�F�H�V���� �D��

White face and a South Asian face.  The morphed version of the two faces consisted 
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of morph proportions of 10/90, 20/80, 30/70, 40/60, 50/50, 60/40, 70/30, 80/20, 

90/10 in which the numerator refers to the percentage that the parent South Asian 

face contributed to the morph, and the denominator refers to the percentage that the 

parent White face contributed to the morphed face.  This approach was used as these 

researchers looked to explore the basis of the Own Race Bias and tried to investigate 

whether it was a function of memory or of perceptual mechanisms.  Again, as the 

experiments reported in this thesis were mainly concerned with the memory for 

human faces, this experimental task was not used. 

2.3 Yes/No Recognition Paradigm 

The yes/no recognition task predominantly investigates the memory for certain types 

of stimuli and is widely used in psychophysics work.  This task was used in most of 

the experiments that have been reported in this thesis.  During the task, participants 

are presented with a series of faces during a learning stage.  After a short break, 

during which participants often conduct a distracter task, a second set of faces (test 

stage) are shown, from which the participants are required to decide which they have 

previously seen.  The faces at test consist of faces from the learning stage (targets) 

and new faces (distracters).  Sporer (2001) pointed out that ideally, the faces in the 

test stage should not be the exact same image as the one which was presented in the 

learning stage.  In doing this, it can be ensured that the participants do not rely on 

image based cues rather than identity cues.  However, he also acknowledges that few 

experimenters actually use different images. An example of the yes/no recognition 

paradigm in use is by Wright and Sladden (2003) where participants were shown 24 

faces in the learning phase and 48 in the test phase: half of which had been shown 

previously (targets) and half which had not (distracters).  As each picture was 

�S�U�H�V�H�Q�W�H�G���D�W���W�H�V�W���W�K�H���S�D�U�W�L�F�L�S�D�Q�W�V���V�L�P�S�O�\���V�W�D�W�H�G���³�\�H�V�´���L�I���W�K�H���I�D�F�H���K�D�G���E�H�H�Q���V�H�H�Q���E�H�I�R�U�H��
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�D�Q�G���³�Q�R�´���L�I���W�K�H���I�D�F�H���K�D�G not been seen before.   One of the earliest studies to use the 

yes/no recognition task was Malpass and Kravitz (1969).  Since then it has been used 

in many other research studies (e.g. Chiroro et al., 2008; Hayward et al., 2008; 

Tanaka et al., 2004).  This type of experimental paradigm is used in the experiments 

reported in this thesis because it is used in a large proportion of previous research.  

Additionally, it reflects a more life-like situation with regards to eye-witness 

testimony as opposed to the face matching task.   

2.4 Yes/No Recognition vs Two-Alternative Forced Choice (2AFC) 

An alternative to the yes/no recognition paradigm is the 2AFC task.  Here, 

participants are presented with a series of faces during a learning stage, as in the 

yes/no recognition task, however, during the test stage participants are presented 

with pairs of faces from which they are required to say which of the two they have 

seen previously.  Deffenbacher, Leu, and Brown (1981) state that performance has 

been consistently found to be higher in the 2AFC compared to the yes/no recognition 

task.  One potential explanation for this is that the yes/no task is highly criterion 

dependent.  That is, in a yes/no task, person A may have a high criterion so they 

would have to be, say, 80% sure before they say �³yes� .́  However, person B may 

have low criterion so they would have to be, say, 60% before they say �³yes� .́  By 

using a 2AFC task, this problem is eliminated because all participants will say �³�\�H�V�´��

the same number of times because they have to make a choice.  This is a particular 

problem when using percent correct.  One method of overcoming this susceptibility 

of a yes/no recognition task to criterion bias is to use �G�¶ instead of percent correct.  

This is discussed in the next section.       
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2.5 Signal Detection Theory (SDT) 

During the test phase of the yes/no recognition task there are two types of faces that 

are presented.  These are either those faces that have been previously seen (targets) 

or faces that have not been previously seen (distracters).  A participant with good 

recognition memory will be able to distinguish between these two types of faces.  

Therefore, when they are asked whether they have seen the face in the learning stage, 

they respond with one of two responses: �³�\�H�V�´���R�U���³�Q�R�´�������$���V�D�P�S�O�H���G�L�V�W�U�L�E�X�W�L�R�Q���R�I���W�K�H��

probability of these two outcomes is demonstrated in Figure 2.1 below. 

 
Figure 2.1 �± Sample distribution of target present and target absent responses.  Taken 
from http://www.cns.nyu.edu/~david/handouts/sdt/internal-response2.gif. 

�7�K�H���[���D�[�L�V�����O�D�E�H�O�O�H�G���L�Q�W�H�U�Q�D�O���U�H�V�S�R�Q�V�H�����U�H�I�H�U�V���W�R���W�K�H���S�D�U�W�L�F�L�S�D�Q�W�¶�V���V�H�Q�V�H���R�I���I�D�P�L�O�L�D�U�L�W�\��

with the stimulus that is presented to them.  The curves in both the graphs represent 

the potential outcomes during the test stage of a yes/no recognition task.  The 

�*�D�X�V�V�L�D�Q���F�X�U�Y�H���R�Q���W�K�H���O�H�I�W���L�Q���E�R�W�K���R�I�� �W�K�H�� �J�U�D�S�K�V���U�H�S�U�H�V�H�Q�W�V�� �³�Q�R�L�V�H�´���� �Z�K�L�F�K���U�H�I�H�U�V���W�R��

background interference such as lack of motivation or the previously unseen 

distracter faces.  That is, the curve on the left represents the probability that the 

participant thinks the stimulus presented to them is a distracter face.  The curve on 

�W�K�H�� �U�L�J�K�W�� �L�Q�� �E�R�W�K�� �R�I�� �W�K�H�� �J�U�D�S�K�V�� �U�H�S�U�H�V�H�Q�W�V�� �³�V�L�J�Q�D�O�´�� �Z�K�L�F�K�� �U�H�I�H�U�V�� �W�R�� �D�� �I�D�F�H�� �W�Kat has 

http://www.cns.nyu.edu/~david/handouts/sdt/internal-response2.gif
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previously been seen (target).  That is, the curve on the right represents the 

probability that the participant thinks the stimulus presented to them is a target face.  

The region of overlap between the two curves is representative of errors in 

perception (shown as false alarm and miss in the graphs above).  Thus, the 

�R�Y�H�U�O�D�S�S�L�Q�J���U�H�J�L�R�Q���G�H�P�R�Q�V�W�U�D�W�H�V���W�K�H���S�U�R�E�D�E�L�O�L�W�\���W�K�D�W���D���S�D�U�W�L�F�L�S�D�Q�W���Z�L�O�O���V�D�\���³�\�H�V�´���W�R���D��

�S�U�H�Y�L�R�X�V�O�\���X�Q�V�H�H�Q���I�D�F�H���R�U���³�Q�R�´���W�R���D���S�U�H�Y�L�R�X�V�O�\���V�H�H�Q���I�D�F�H�������7�K�H���Y�H�U�W�L�F�D�O���O�L�Q�H���O�D�E�H�O�O�H�G��

�³�F�U�L�W�H�U�L�R�Q�� �U�H�V�S�R�Q�V�H�´�� �U�H�S�U�H�V�H�Q�W�V�� �W�K�H likelihood �W�K�D�W�� �D�� �S�D�U�W�L�F�L�S�D�Q�W�� �Z�L�O�O�� �V�D�\�� �³�\�H�V�´�� �W�R�� �D��

face that is presented to them.  This criterion varies depending on the participant and 

the task.  For example, in an eye�Z�L�W�Q�H�V�V���W�H�V�W�L�P�R�Q�\���V�L�W�X�D�W�L�R�Q�����W�K�H���F�R�V�W���R�I���V�D�\�L�Q�J���³�\�H�V�´��

is high, therefore, the criterion may be very high in order to reduce the false alarm 

�U�D�W�H�����W�K�X�V���P�R�Y�L�Q�J���W�K�H���³�F�U�L�W�H�U�L�R�Q���U�H�V�S�R�Q�V�H�´���O�L�Q�H���W�R��the right.  In short, if an eyewitness 

says, �³�\�H�V���� �L�W���Z�D�V�� �K�L�P�� �W�K�D�W�� �,�� �V�D�Z�´���� �W�K�H�Q���W�K�H�� �F�R�Q�V�H�T�X�H�Q�F�H�� �R�I�� �D�� �I�D�O�V�H�� �D�O�D�U�P�� �L�V�� �W�K�D�W���D�Q��

innocent person will go to prison.  However, in a different situation the consequence 

�R�I�� �P�D�N�L�Q�J�� �D�� �I�D�O�V�H�� �D�O�D�U�P�� �P�D�\�� �Q�R�W�� �E�H�� �D�V�� �G�H�W�U�L�P�H�Q�W�D�O�� �D�V�� �V�D�\�L�Q�J�� �³�Q�R�´�� ���P�L�V�V������ �� �$�Q��

example of this is a military air traffic controller whose job it is to detect when any 

unidentified aircraft enters a given territory.  It would be much better to say he/she 

saw an aircraft when they did not (false alarm) than saying they did not see an 

aircraft when they did (miss).  �8�O�W�L�P�D�W�H�O�\�� �W�K�H�� �G�H�F�L�V�L�R�Q�� �L�V�� �E�D�V�H�G�� �R�Q�� �D�Q�� �L�Q�G�L�Y�L�G�X�D�O�¶�V��

response criterion.  If the participant has a low response criterion they are more 

likely to say yes, whereas, a participant with a high criterion is less likely to say yes.   

As there are two different types of face that were presented at the test stage, there are 

four different possible responses that each participant may give.  For the previously 

�V�H�H�Q���I�D�F�H�V�����W�K�H���S�D�U�W�L�F�L�S�D�Q�W���P�D�\���H�L�W�K�H�U���F�R�U�U�H�F�W�O�\���U�H�V�S�R�Q�G�V���³�\�H�V�´�����+�L�W�����R�U���³�Q�R�´�����0�L�V�V��������

�6�L�P�L�O�D�U�O�\���� �I�R�U���W�K�H���S�U�H�Y�L�R�X�V�O�\�� �X�Q�V�H�H�Q���I�D�F�H�V���� �W�K�H���S�D�U�W�L�F�L�S�D�Q�W���P�D�\�� �H�L�W�K�H�U���U�H�V�S�R�Q�G���³�\�H�V�´��
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���)�D�O�V�H���D�O�D�U�P�����R�U���³�Q�R�´�����&�R�U�U�H�F�W���5�H�M�H�F�W���������7�K�L�V���G�H�F�L�V�L�R�Q���S�U�R�F�H�V�V���L�Q���G�H�P�R�Q�V�W�U�Dted in the 

matrix shown below (Table 2.1): 

Table 2.1 - Decision matrix for Signal Detection Theory. 
 YES NO 
TARGET Hit Miss 
DISTRACTER False Alarm Correct Reject 
 

The score of �G�¶ can be calculated using the following equation [�G�¶��= z(H) �± z(FA)] in 

�Z�K�L�F�K�� �µ�]�¶ refers to the inverse of the normal distribution function (Macmillan & 

Creelman, 1991)�����,�Q���V�L�P�S�O�H���W�H�U�P�V�����µz�¶���U�H�I�H�U�V���W�R���W�K�H���Q�X�P�E�H�U���R�I���V�W�D�Q�G�D�U�G���G�H�Y�L�D�W�L�R�Q�V���W�K�D�W��

a score is above or below the mean population.  A higher �G�¶��score represents more 

sensitivity to a signal, whereas a score that approaches 0 represents less sensitivity.  

In the case where there is a hit or false alarm of 1.0 it is necessary to apply a 

correction because a hit rate of 1.0 infers perfect accuracy which would result in an 

infinite �G�¶.  Similarly, a false alarm rate of 1.0 implies no sensitivity to stimuli, 

which again would result in an infinite �G�¶.  To overcome infinite values of �G�¶ 

Macmillan and Creelman (1991) recommend that proportions of 0 are converted 

using the formula 1/(2N) where N is the number of trials the proportion is based on 

(Macmillan & Creelman, 1991).  Likewise, all proportions of 1.0 are converted using 

the formula 1 �± [1/ (2N)].   Although there are many different corrections that can be 

applied, such as the one proposed by Snodgrass and Corwin (1988), in this thesis the 

one quoted by Macmillan and Creelman (1991) will be used.  Finally, using �G�¶ 

instead of % correct does not substantially affect the results or conclusions. 
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2.6 General Methods 

In most of the experimental chapters that follow (Chapters 3, 4, 5, &, 7), the yes/no 

recognition paradigm is used.  Furthermore, the methods described in this section are 

also applicable to the pilot studies described in this chapter.  Although there are 

several different experiments reported, there are some parts of the method which are 

consistent for all the experiments.  These aspects are reported in this section. 

2.6.1 Ethics 

The experiments in this thesis have been approved by The Biomedical, Natural and 

Physical Sciences, University of Bradford, Research Ethics Panel.  All participants 

provided written informed consent (See Appendix A). 

2.6.2 Materials 

One consistent set of stimuli were used in all the experiments reported in this thesis.  

The images were produced specifically for this purpose.  A total of 24 South Asian 

females were photographed in two different conditions.  The first was with the 

�S�D�U�W�L�F�L�S�D�Q�W�V�¶�� �K�D�L�U�� �V�K�R�Z�L�Q�J (as shown in Appendix B), and the second was with the 

participants wearing a headscarf (as shown in Appendix B).  All the participants that 

were photographed were aged between 18 and 30 years at the time of the pictures 

being taken.  All photographs were 1280 pixels x 960 pixels with a 32 bit depth.  The 

viewing distance was kept constant at approximately 60cm with an approximate 

visual angle of 10.94° horizontal and 14.72° vertical.  E-prime (Schneider, Eschman, 

& Zuccolotto, 2002) was used to present the stimuli in all the experiments except the 

eye-tracking experiment (Chapter 5) in which MATLAB was used.  Stimuli in the 

experiments reported in Chapters 2, 3, and 4 were displayed on a NEC MultiSync 
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LCD175VXM+ Monitor with a refresh rate of 60Hz and resolution of 1280 pixels x 

1024 pixels (32 bit depth).    

2.6.3 Photographing Stimuli 

On arrival at the lab, participants were given a consent form (Appendix C) to read 

and sign.  Participants were photographed with their hair showing and then wearing a 

black standard pull-on style headscarf which was used in order to be consistent 

�E�H�W�Z�H�H�Q�� �S�L�F�W�X�U�H�V���� �,�W�� �Z�D�V�� �H�Q�V�X�U�H�G�� �W�K�D�W�� �W�K�H�� �S�D�U�W�L�F�L�S�D�Q�W�V�¶�� �K�H�D�G�V�F�D�U�I�� �Z�D�V�� �S�X�O�O�H�G�� �E�D�F�N��

away from the forehead so as much of the forehead was visible without the hairline 

showing. The camera used to photograph the stimuli was a Fujifilm FinePix S7000 

digital camera on the auto close-up setting.  The photographs were edited using 

Adobe Photoshop Version 10.0.  This was done to remove any blemishes or 

outstanding facial features.  The headscarf stimuli were then cropped to form the 

crop face stimuli.  Some sample stimuli for each of the three types of face are shown 

in Appendix B.  Whilst the participants were being photographed a strict set of 

guidelines was used.  This ensured that there was consistency between pictures.  

These guidelines are shown in Table 2.2. 

Once the participants had been photographed, two pilot experiments were conducted 

for a number of reasons.  Firstly to make sure that the stimuli were suitable for use in 

the experiment.  Secondly, they were used to determine experimental controls such 

as exposure duration in learning and test, and the distracter task.  Additionally, the 

pilot experiments were used to test the E-Prime script that was going to be used.  

Finally, they were used to avoid ceiling or floor effects.      
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Table 2.2 - Guidelines for photographing the stimuli. 
Control  Description 
Frontal Pose Participants were looking at the camera with their eyes level 

with the lens. 
Neutral Pose Participants were not smiling or frowning.  They exhibited a 

neutral pose with little or no emotion. 
No Glasses Participants were not wearing glasses. 
No Jewellery No jewellery was worn by the participants which included 

facial piercing or any earrings.   
Face on picture For all participants, their face filled the lens with a 

consistent distance between the top of the head and the top 
of the lens, and the bottom of the chin and the bottom of the 
lens. 

Plain Background Photographs were taken with a plain background of the 
same colour throughout all the pictures. 

Distance The distance between the participant and the camera was 
kept constant for all the pictures at 0.5m (foot to foot).  That 
is, the distance between the feet of the participant (whilst 
seated) was 0.5m from the foot of the tripod upon which the 
camera was fixed.  

Clothing information 
removed 

If any of the clothing was visible in the picture e.g. if the 
participant was wearing a hoody, then the participant was 
asked to remove this.  Failing this, it was removed using 
Adobe Photoshop software. 

No odd hairstyles Participants with unusual hair styles (such as Mohican & 
Afro) were excluded to ensure that a participant did not 
stand out from the rest.  Furthermore, participants with 
bright colours in their hair were also excluded.   

No distinguishing 
facial features 

Participants were screened so that they do not have any 
facial scars, moles, or big spots.  If participants had any 
distinguishing features, these were removed using Adobe 
Photoshop. 

Consistent Lighting All photographs were taken in the same laboratory against 
the same wall to ensure light consistency. 

Make up Participants did not have any bold coloured facial make up 
that would make them more distinctive.   

Black headscarf All participants wore the same standard black, pull-on 
headscarf. 

Posture Participants were seated upright and were not slouching. 
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2.7 Pilot Study One 

Two pilot studies were conducted which were used to determine the experimental 

minutiae of the experiments reported in Chapters 3, 4, 5, and 7.    

2.7.1 Method 

2.7.1.1 Participants 
A total of 40 participants (21 females & 19 males) took part in the first pilot 

experiment. Participants had a mean age of 26.80 years (SD = 7.94).   There were 12 

South Asian females (mean age = 22.17 years, SD = 2.21), 9 South Asian males 

(mean age = 21.89 years, SD = 2.03), 9 White females (mean age = 33.67 years, SD 

= 6.58), and 10 White males (mean age =30.60 years, SD = 10.46). 

2.7.1.2 Design 

A mixed-subjects design was used in which the participants were divided in terms of 

Gender and Race.  All participants viewed both headscarf and hair stimuli 

intermixed in the learning and test stage. 

2.7.1.3 Procedure 

Participants were assigned an ID number which was used to differentiate them from 

other participants on the E-prime software.  They were given a practice session 

which consisted of eight trials.  This enabled them to become familiar with the set-up 

of the experiment.  All instructions were presented to participants on the screen 

(Appendix D).  After the practice trials, participants viewed 12 target pictures 

(headscarf and hair faces intermixed) in a random order, each for 1000 milliseconds 

(ms) (as in Lewin & Herlitz, 2002) with an inter-stimuli interval of 1000ms.  This 

was known as the learning phase in which participants viewed six faces with a 

headscarf and six with hair, all of which were presented in a random order.  After the 
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participants had viewed all the pictures in the learning phase they were given 

�L�Q�V�W�U�X�F�W�L�R�Q�V���I�R�U���D���G�L�V�W�U�D�F�W�H�U���W�D�V�N�����Z�K�L�F�K���L�Q�Y�R�O�Y�H�G���F�R�X�Q�W�L�Q�J���E�D�F�N�Z�D�U�G�V���I�U�R�P�����������L�Q�����¶�V��

for two minutes until the screen displayed instructions to continue.   A distracter task 

was used as a tool to eliminate the recency effect, which refers to Miller and 

Campbell (1959) who found that items towards the end of a list were more likely to 

be remembered compared to those at the beginning.  Once the participants had been 

prompted to continue they were given instructions for the test phase of the study.   

During the test phase participants were shown 24 pictures: 12 target pictures and 12 

distracters (hair and headscarf faces intermixed).  Participants were asked to identify 

which pictures they had previously seen in the learning phase.   This is shown in the 

Figure 2.2.  They responded by pushing the key marked with a green sticker if they 

had seen the face previously and a red sticker if they had not.  In the test stage, each 

of the stimuli was presented for 5000ms and the participants were given a further 

2000ms (a total of 7000ms) to decide if they had previously seen the face.  If the 

participant did not respond after 5000ms, then the screen went blank for the 

remaining 2000ms.  If they did not respond after a total of 7000ms, then the next 

stimulus face was displayed and no response was recorded.  All the stimuli in both 

phases were counterbalanced to ensure that any differences in the faces did not affect 

the outcome of the experiment.  Therefore, the faces that were shown with hair to the 

one participant were shown with a headscarf to another participant, and vice versa.  

For example, if Participant 1 saw face A with a headscarf, then Participant 2 saw 

face A without a headscarf.  All the stimuli were presented in the middle of the 

screen.  Participants were informed that their reaction time and accuracy were being 

measured.  After they had completed the task they were asked to identify which of 

the faces they were familiar with outside the experimental setting.  For example, if 
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someone that was used as stimulus was a friend of theirs or they were in the same 

class.  The number of faces that could be named by the participant was noted down.  

During the test stage of the yes/no recognition task that was used in the experiments 

reported in this thesis, half of the faces were previously seen and the other half were 

not.  The target/distracter ratio may have implications for the outcome of the 

experiments.  Intuitively, it seems that, if the ratio of targets/distracters during the 

test stage was changed to increase the number of distracters (e.g. 80/20 ratio for 

distracters/targets respectively) the task would become more difficult.  Megreya et 

al. (2011) conducted a face recognition experiment in which the target/distracter 

ratio was 10/90 respectively.  They employed a more lifelike task in which both 

Egyptian and British participants viewed a video clip of female with or without 

headscarf in the learning stage.  Then, in the test stage, participants were presented 

with a 10 face line-up in which the target was either present or absent.  Crucially, in 

the target present conditions, participants either viewed the target with the same 

external features as in learning (headscarf/hair) or they were switched.  British 

participants, made more correct identifications when the target was shown with hair 

in both the learning and the test stage compared to the other three conditions (hair at 

learning/headscarf at test, headscarf at learning/headscarf at test, & headscarf at 

learning/hair at test).  On the other hand, for the Egyptian participants, correction 

�L�G�H�Q�W�L�I�L�F�D�W�L�R�Q�V���Z�H�U�H���K�L�J�K�H�U���L�Q���W�K�H���³�K�H�D�G�V�F�D�U�I�� �D�W���O�H�D�U�Q�L�Q�J���K�H�D�G�V�F�D�U�I���D�W���W�H�V�W�´���F�R�Q�G�L�W�L�R�Q��

�F�R�P�S�D�U�H�G�� �W�R�� �³�K�D�L�U�� �D�W �O�H�D�U�Q�L�Q�J���K�D�L�U�� �D�W�� �W�H�V�W�´�� �D�Q�G�� �³�K�D�L�U�� �D�W�� �O�H�D�U�Q�L�Q�J���K�H�D�G�V�F�D�U�I�� �D�W�� �W�H�V�W�´��

�K�R�Z�H�Y�H�U���� �Q�R�� �G�L�I�I�H�U�H�Q�F�H�� �Z�D�V�� �E�H�W�Z�H�H�Q�� �³�K�H�D�G�V�F�D�U�I�� �D�W�� �O�H�D�U�Q�L�Q�J���K�H�D�G�V�F�D�U�I�� �D�W�� �W�H�V�W�´�� �D�Q�G��

�³�K�H�D�G�V�F�D�U�I���D�W���O�H�D�U�Q�L�Q�J���K�D�L�U���D�W���W�H�V�W�´�������7�K�H�V�H���U�H�V�X�O�W�V���D�U�H���V�K�R�Z�Q���L�Q���)�L�J�X�U�H��2.2.   
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Figure 2.2 �± Taken from Megreya et al. (2011) �± Performance in the difference 
conditions split by location of observers (Egypt & United Kingdom). 

 

Thus, Megreya et al. (2011) found that even when the stimuli remained the same 

between learning and test (headscarf at learning/headscarf at test) performance was 

not different to when it switched (headscarf at learning/hair at test & hair at 

learning/headscarf at test).  In light of this result, it is speculated that the importance 

of hair may vary with task demands.  When there are more distracters than targets, 

then presumably the task is more difficult, therefore the presence of hair in both the 

learning and test aids performance. However, for Egyptian observers, this was not 

�W�K�H�� �F�D�V�H�� �D�V�� �S�H�U�I�R�U�P�D�Q�F�H�� �Z�D�V�� �K�L�J�K�H�U�� �L�Q�� �W�K�H�� �³�K�H�D�G�V�F�D�U�I�� �D�W�� �O�H�D�U�Q�L�Q�J���K�H�D�G�V�F�D�U�I�� �D�W�� �W�H�V�W�´��
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�F�R�Q�G�L�W�L�R�Q�� �F�R�P�S�D�U�H�G�� �W�R�� �³�K�D�L�U�� �D�W�� �O�H�D�U�Q�L�Q�J���K�D�L�U�� �D�W�� �W�H�V�W�´���� �� �7�K�H�� �D�X�W�K�R�U�V�� �D�W�W�U�L�E�X�W�H�G�� �W�K�L�V��

difference to the long term exposure of Egyptian participants to headscarf wearing 

females.  This being the case, it would be difficult to predict whether the same effect 

would be found for the participants that took part in the experiments in this thesis as 

they are a British population who generally have had more exposure to headscarf 

wearing females than the average British person.    

  

 
Figure 2.3 - Procedure for the experiments where the stimuli was kept the same from 
learning to test. 

2.7.2 Results 

Each of the participants provided two types of data: the percent correct recognition 

scores and reaction times (milliseconds).  The reaction time data from only correct 

responses was used rather than all responses because incorrect responses were of no 

interest.  All the data that is presented in this thesis is accurate to 2 decimal places 

(dp) unless stated otherwise. 

As some of the participants knew a few of the faces from outside the experimental 

�V�H�W�W�L�Q�J���� �W�K�H�� �G�D�W�D�� �Z�D�V�� �G�L�Y�L�G�H�G�� �L�Q�W�R�� �H�L�W�K�H�U�� �³�N�Q�R�Z�Q�´�� �R�U�� �³�X�Q�N�Q�R�Z�Q�´���� �� �7�K�H�� �³�X�Q�N�Q�R�Z�Q�´��

sample refers only to the participants that did not know any of the faces from outside 
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�W�K�H���H�[�S�H�U�L�P�H�Q�W�D�O���V�H�W�W�L�Q�J�����Z�K�H�U�H�D�V�����W�K�H���³�N�Q�R�Z�Q�´���V�D�P�S�O�H���U�H�I�H�U�V���W�R���W�K�H���S�D�U�W�L�F�L�S�D�Q�W�V���Z�K�R��

knew at least one of the females from outside the experimental setting.  An 

independent samples t-test was conducted to test the difference in performance 

between participants in the known and unknown condition.  There was no significant 

difference between the two conditions (p>0.05).  As a result of this, all of the future 

analyses did not differentiate between the participants knowing some of the stimuli 

faces or not. 

2.7.2.1 Accuracy: 

Table 2.3 - Mean and Standard Deviation (SD) for % Correct. 
 South Asian White 

Female Male Female Male 
Headscarf 79.17 (16.09) 81.49 (17.06) 82.39 (9.74) 69.99 (9.78) 
Hair  73.62 (16.60) 83.34 (13.83) 78.70 (12.58) 74.17 (15.44) 
 

A three-way mixed ANOVA was conducted to analyse the data in which the 

between-subjects factors were entered as Gender (male or female) and Race (White 

or South Asian).  The within-subjects factor was External Feature (hair or headscarf).  

The analysis yielded no significant interactions or main effects for the variables 

tested.  This showed that there were no significant differences between males and 

females or between South Asian and White participants in their recognition of 

stimuli with hair or headscarf.  For methodological reasons no data was available for 

hits and false alarms.  This will be explained in the discussion section. 

2.7.2.2 Reaction Time: 

Only the reaction time (ms) data for correct responses was analysed.  A summary of 

these data is shown in Table 2.4. 

Table 2.4 - Mean reaction time (ms) and Standard Deviation (SD) for Correct 
Responses only. 
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 South Asian White 
Female Male Female Male 

Headscarf 1302.14 
(352.43) 

1326.42 
(258.66) 

1674.45 
(455.30) 

1801.91 
(844.79) 

Hair  1020.85 
(567.78) 

1208.60 
(177.91) 

1580.19 
(416.95) 

1559.26 
(633.79) 

 

Again, the same within and between-subjects variables were entered into a three-way 

mixed ANOVA.  There were no significant interactions, however, the ANOVA 

revealed a main effect of External Feature (F (1, 36) = 6.537, p=0.015, ��p²= 0.154), 

which showed that the hair stimuli were recognised significantly faster than the 

headscarf stimuli.  This main effect is shown in Figure 2.4. 

1000

1100

1200

1300

1400

1500

1600

1700

1800

Headscarf Hair

R
T

 (
m

s)

External Feature  
Figure 2.4 - Mean reaction time split by External Feature.  Error bars show Standard 
Error. 

A main effect of Race was also observed (F (1, 36) = 5.101, p = 0.030) which 

showed that South Asian observers responded significantly faster regardless of the 

type of face they were presented with.  This is shown in Figure 2.5. 
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Figure 2.5 - Mean reaction time split by Race.  Error bars show Standard Error. 

2.7.3 Discussion 

There was no significant difference in accuracy between the recognition of the 

headscarf stimuli compared to the hair stimuli.  However, there was a difference on 

measures of reaction time.  Participants responded significantly faster to stimuli that 

were presented with hair compared to stimuli that were presented with a headscarf.   

Furthermore, the analysis of the reaction time data showed that South Asian 

participants processed the faces faster compared to the White participants (all stimuli 

faces were South Asian). 

The aim of the pilot experiment was to eradicate any problems that may exist in the 

procedure that was employed.  To eliminate the possibility of finding an effect which 

is only present in an experimental situation, it is important to discuss the possible 

methodological flaws with this first pilot experiment.  The first drawback of the 

method may have been that the time of 1000ms given to participants during the 

learning stage was not optimum for an effect to be found.  By reducing the time 
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given to participants in the learning stage, an effect may be observed because this 

could tap into more perceptual mechanisms (yet still predominantly memory) 

compared to a time of 1000ms which may not be long enough to measure memory or 

short enough to make use of perceptual mechanisms.  More generally, it is useful to 

use different times to see if an effect exists.  An example of this occurring is in 

Fletcher et al. (2008) who found that there were differences in the observed effects 

between the participants in the 2 second learning condition compared to those in the 

6 second learning condition. 

Furthermore, the participants were not actually obligated to respond to every single 

stimulus face in the test stage.  During the test stage the participants were able to 

move on to the next face without responding to the face that was presented to them.  

Therefore, if a participant sat and did nothing for 7 seconds (in the test stage), then 

he/she was presented with the next face.  By giving participants the option of not 

responding, the data collected may be a distorted representation of accuracy.  Also, 

by not having all the hits and false alarms it was not possible to calculate a �G�¶ score.  

For this reason, the E-Prime script was amended so that participants were unable to 

progress through the experiment until the face presented to them at test had been 

responded to. 

Another methodological amendment that was made was to change the distracter task 

to increase the level of control.  The task used in the first Pilot Study was for the 

participants to count backwards.  Irrespective of how effective this was, this kind of 

measure is not quantifiable.  Therefore, participants may not have counted at all.  For 

future experiments a word search was used to distract the participants between the 

learning phase and test phase.  This ensured that the participants were correctly 

doing as they should.   
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A final methodological amendment that was implemented in the next Pilot Study 

was to divide the South Asian female group into two categories, firstly the ones that 

wear a headscarf themselves and others that do not.  It may be that those that wear 

the Muslim headscarf are better at recognising headscarf faces compared to those 

that do not wear it.  
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2.8 Pilot Study Two 

Pilot Study Two addressed the methodological flaws that were highlighted in the 

previous section. 

2.8.1 Method 

2.8.1.1 Participants 

A total of 54 participants took part in this experiment (18 males & 36 females) with a 

mean age of 21.11 years (SD = 3.90).  Participants were 9 South Asian males (mean 

age = 20.44 years, SD = 1.51), 9 White males (mean age = 25.11 years, SD = 7.10), 

11 White females (mean age = 21.73 years, SD = 2.69), and 25 South Asian females 

(mean age = 19.64 years, SD = 2.10).  The South Asian females were divided into 

headscarf wearers (14) and non-headscarf wearers (11). 

2.8.1.2 Design 

A mixed-subjects design was used in which the participants were divided in terms of 

Gender and Race.  All participants viewed both headscarf and hair stimuli 

intermixed in the learning and test stage. 

2.8.1.3 Procedure 

The experimental procedure was kept the same as in Pilot Study One except that the 

participants were shown each stimulus face in the learning stage for 400ms.  In Pilot 

Study Two the stimuli were presented for 5000ms each in the test stage.  If the 

participant did not respond after 5000ms, a blank white screen was displayed until 

the participant responded.  Previously the participants had to respond within 7000ms 

and if they did not respond, the experiment would display the next face.  As in the 

first pilot, participants viewed a total of 12 faces in the learning stage (6 with 

headscarf and 6 with hair) and 24 faces in the test stage (12 with headscarf and 12 
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with hair).  The distracter task involved completing a very simple word search 

(Appendix E). 

2.8.2 Results 

Unlike Pilot Study One, sensitivity and reaction time data was analysed.  The 

reaction time data used was again for the mean of correct responses only.   

2.8.2.1 Sensitivity: 

The sensitivity data that was used to analyse the results was a score of �G�¶ for the 

reasons discussed previously.   

Table 2.5 - Mean �G�¶��score and Standard Deviation (SD). 
 South Asian White 

Female Male Female Male 
Headscarf 1.16(.91) 1.42(.79) 1.05(1.03) 1.34(.79) 
Hair  1.23(.99) 1.37(.62) 1.42(1.07) 0.57(.63) 
 

Table 2.5 shows the mean �G�¶ scores and standard deviations for the results from Pilot 

Study Two.  A three-way mixed ANOVA was used to analyse the data which found 

no main effects or interactions between the variables.   This showed that there were 

no differences in terms of Gender and Race in the recognition of hair and headscarf 

stimuli. 

A 2 (headscarf wearing observer/non-headscarf observer) x 2 (hair/headscarf stimuli) 

ANOVA was conducted which investigated the difference between headscarf 

wearing South Asian females and non-headscarf wearing South Asian females.  

There were no significant main effects or interactions. 

2.8.2.2 Reaction Time:  

The reaction time (ms) data that was analysed was only for the correct responses.  

Table 2.6 shows a summary of the data collected. 
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Table 2.6 - Mean reaction time and Standard Deviation (SD) for Correct Responses 
only. 
 South Asian White 

Female Male Female Male 
Headscarf 1233.75 

(342.72) 
1305.07 
(311.54) 

1327.17 
(343.06) 

1244.54 
(417.17) 

Hair  1128.59 
(328.22) 

1288.46 
(732.53) 

1147.49 
(271.55) 

1114.49 
(410.82) 

 

Again, a three-way mixed ANOVA was conducted to analyse the data in which all 

the interactions failed to reach the required level of significance (p<0.05).  A main 

effect of External Feature was observed (F (1, 51) = 5.472, p<0.05), in which the 

stimuli presented with a headscarf were recognised significantly slower than the 

stimuli presented with hair. 

2.8.3 Discussion 

The results of Pilot Study Two show that there was a difference between the reaction 

times for stimuli presented with hair compared to the stimuli presented with a 

headscarf.  The headscarf stimuli were recognised slower compared to the hair 

stimuli.   This replicates the findings of Pilot Study One.  Furthermore, as with the 

previous Pilot Study, there was no difference or interactions for the sensitivity 

scores. 

The changes made to Pilot Study Two compared to Pilot Study One benefited the 

design but did not affect the results.  An explanation may be that the methodology 

employed is not sensitive enough to pick up an effect that is in fact present.  In light 

of this, the next experiment investigated the effect of increasing the learning time 

given to participants in the learning stage.  It is more likely that increasing the 

learning time will explore the effect at a memory level, as well as giving the 

participants more time to extract information from the stimuli provided.  This made 
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the learning times consistent with some previous studies on face recognition using 

the yes/no recognition paradigm (Brooks & Kemp, 2007; Ellis et al., 1979; Fletcher 

et al., 2008; O'Donnell & Bruce, 2001).  

  



82 
 

Chapter 3 �± The Importance of a Headscarf in a Yes/No Recognition 

Task 

3.1 Introduction  

The results from the two pilot studies showed that, when using sensitivity or 

accuracy scores, there was no difference between the recognition of faces with a 

headscarf and faces with hair.  At first glance, this result may imply that hair is not 

important in the recognition of human faces, however, upon closer inspection of 

previous literature, which looks at the importance of hair, it seems that there is a 

difference in the way in which the experimental trials were conducted.  Studies that 

look at the recognition of faces using a yes/no recognition task can be categorised 

into two types.  The first, which is labelled as the Same condition in the remainder of 

this thesis, refers to the experiments in which the state of the external features of the 

stimuli remains consistent from the learning stage to the test stage of the task.  That 

is, if the participants viewed face A with hair in the learning stage, they then viewed 

face A with hair in the test stage, and vice versa (as in Lewin & Herlitz, 2002).  The 

second type of experimental trial, which is labelled as Switch in the remainder of this 

thesis, refers to the experiments in which the state of the external features of the 

stimuli is switched between the learning stage and the test stage.  That is, if the 

participants viewed face A with hair in the learning stage, they then viewed face A 

without hair in the test stage, and vice versa (as in Ellis et al., 1979; Wright & 

Sladden, 2003). Both of the pilot experiments employed the Same method of 

experimental trials in which participants viewed the stimuli with consistent external 

features in both the learning stage and the test stage.  The experiment reported in this 

chapter looks at both the Same and Switch conditions in one experiment so that a 

comparison can be made between the two.  This will help to understand the role of 
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hair in the recognition of faces.  The first section of the introduction to this chapter 

looks at the evidence for holistic processing in the recognition of faces.  Reviewing 

the literature on this type of processing is important because during the Switch 

condition, when the external features are changed, it may be that holistic processing 

is disrupted and this may have an effect on performance. Following this, work which 

looks at the importance of external features in the processing of unfamiliar faces is 

discussed and it is used to predict the outcome of the experiment discussed in this 

chapter.  After this, one, very specific, piece of evidence is considered which looks at 

the topic of the Muslim headscarf and face perception but uses a matching rather 

than a recognition task.  Finally, as all the stimuli used in the experiment were of 

South Asian females but the participants were both South Asian and White, the Own 

Race Bias is briefly discussed.  

3.1.1 Holistic Processing 

There are many different phenomena which are used to investigate the holistic basis 

for face processing.  First, the Face Inversion Effect (FIE) will be discussed, which is 

normally taken as evidence for the existence of holistic processing in faces.  Then, 

work on the composite face effect will be given some consideration.  Again, this is 

taken as evidence for the holistic nature of face processing. Following this, the 

whole-part superiority effect will be discussed.  In the final part of this section, 

research that looks at blurring and scrambling of faces will be considered and its 

findings will be related to the literature surrounding the face recognition processes. 

The Face Inversion Effect (FIE)  refers to experiments which were originally 

conducted by Yin (1969).  Participants took part in a yes/no recognition task in 

which they viewed a series of stimuli in the learning stage.  This was followed by a 

test stage in which they were presented with the same stimuli along with distracters.  
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The stimuli that were used in the experiment were images of houses, aeroplanes, and 

faces.  Participants viewed upright and inverted (turned up-side down) versions of 

the stimuli in the test stage.  The results showed that face inversion caused more 

disruption to performance compared to the inverting of houses or aeroplanes, thus, 

the inversion of faces causes a disproportionate effect relative to the inversion of 

images of houses or aeroplanes (as shown in Figure 3.1). 

 
Figure 3.1 �± Face Inversion Effect as demonstrated by Yin (1969) 

This is known as the Face Inversion Effect (FIE).  Since this initial result, this study 

has been widely used as evidence to support the notion that faces are a special type 

of stimuli.  The FIE has been used alongside other mechanisms to explore the nature 

of face processing.  Many researchers (Farah, Tanaka, & Drain, 1995; McKone, 

2004; McKone, Martini, & Nakayama, 2001; Rossion, 2008, 2009; Yin, 1969) have 

concluded that upright faces are processed holistically, whereas,  inverted faces are 

processed in more of a featural manner, in which each feature is analysed 

individually.  Holistic processing may be thought of as parallel processing of all 

facial features, as opposed to featural processing, which can be thought of as serial 

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

M
ea

n 
E

rr
or

s 
(M

ax
 =

 1
0)

Face House Plane

Upright

Inverted



85 
 

processing of individual facial features.  Suzuki and Cavanagh (1995) conducted an 

experiment with upright and inverted face curvatures using a visual search task in 

which participants were required to find the face that was not the same as the others.  

Their findings demonstrate that an upright face is processed interactively to form a 

configural representation.  That is, all parts of the face are glued together to form a 

gestalt whole.  Lewis and Johnston (1997) explored the effect of inverting 

�³�7�K�D�W�F�K�H�U�L�V�H�G�´���I�D�F�H�V��  They �I�R�X�Q�G���W�K�D�W���L�Q�Y�H�U�W�H�G���³�7�K�D�W�F�K�H�U�L�V�H�G�´���I�D�F�H�V���W�R�R�N���O�R�Q�J�H�U���W�R��

�E�H�� �L�G�H�Q�W�L�I�L�H�G�� �W�K�D�Q�� �X�S�U�L�J�K�W�� �³�7�K�D�W�F�K�H�U�L�V�H�G�´�� �I�D�F�H�V���� �� �7�K�H�\�� �F�R�Q�F�O�X�G�H�G�� �W�K�D�W�� �W�K�H�� �L�Q�Y�H�U�V�L�R�Q��

of a face leads to the disruption of this configural processing.  This demonstrates 

that, when a face is inverted, humans resort to featural processing which seems to 

lead to a drop in performance compared to the processing of an upright face.  In a 

classic experiment by Bartlett and Searcy (1993) participants took part in a 

discrimination task in which they were shown pairs of faces with varying levels of 

grotesqueness.  The task required participants to state which of the two faces was 

more grotesque.  These researchers wanted to investigate the Thatcher Illusion 

(Thompson, 1980).  Faces were made grotesque by either applying the Thatcher 

Illusion to them or by changing the configuration of the internal features to make 

them look disturbing.  Bartlett and Searcy (1993) found that inversion reduced the 

grotesque rating for the Thatcher-type faces more than for spatially altered faces.  

Their result showed that inversion affected the holistic representation of faces 

because the upright Thatcher type face was being processed holistically, whilst the 

inverted one was processed featurally, thus, the upright face looked more grotesque.  

Configural processing was not affected in the upright spatially altered face, hence, it 

looked less grotesque.  That is, upright Thatcher-type faces were processed 

holistically which made them look grotesque but when inverted the grotesque were 
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processed featurally.  Therefore, this supports the notion that upright faces are 

processed holistically. 

Diamond and Carey (1986) added to this and concluded that face inversion causes a 

disruption of higher order information, which refers to the ability to distinguish one 

face from another.  Leder and Bruce (1998) found that this disruption to higher order 

featural processing implies that upright faces require facial features to be processed 

in relation to one another compared to inverted faces, which do not need this to 

happen.  In addition to this, Leder and Bruce (2000) found that relational features 

such as interocular distance were encoded and stored in memory when processing 

human faces.  This again provides support for the configural processing of upright 

faces.  Leder, Candrian, Huber, and Bruce (2001) aimed to explore the relationship 

between varying interocular distances and the FIE.  They also wanted to investigate 

the role of surrounding regions of individual face features in the FIE.  In the first 

experiment, participants were presented with two faces, one after the other.  The task 

was to decide which face had a larger interocular distance.  Participants were tested 

with upright and inverted faces.  Leder et al. (2001) found that inversion led to a 

decreased ability in distinguishing interocular distance.  This showed that inversion 

affects configural processing, hence it caused a decrease in the participants�¶ ability to 

discriminate interocular distance.  In their second experiment, Leder et al. (2001) 

presented participants with three types of stimuli, just the eye, the eye and nose 

together, and the eye, nose, and mouth together.  Again, the task was to decide which 

of the two images had a larger interocular distance.  In the condition with the 

smallest interocular distance, the addition of more context (e.g. nose, or nose and 

mouth) made the task more difficult.  Therefore, as the number of features increased, 

the difficulty level also increased.  This showed that information about facial 
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configuration was processed in a configural manner.  Finally, in experiment three 

Leder et al. (2001) used the same stimuli as in experiment one, but, in both the 

upright and inverted faces, the eyes were presented upright.  Again, the interocular 

distance was varied and the task was to decide which of the two faces had the larger 

interocular distance.  Surprisingly, these researchers found that the FIE disappeared, 

thus, inversion did not decrease the ability of participants to discriminate interocular 

distance.  This showed that the configuration of upright faces is a local mechanism 

which is processed independently of context.  In simpler terms, Leder et al. (2001) 

�F�O�D�L�P�� �W�K�D�W�� �L�Q�Y�H�U�V�L�R�Q�� �G�R�H�V�� �Q�R�W�� �L�P�S�D�L�U�� �D�� �S�H�U�V�R�Q�¶�V��ability to process a face in a 

�F�R�Q�I�L�J�X�U�D�O�� �P�D�Q�Q�H�U���� �U�D�W�K�H�U���� �L�W�� �D�I�I�H�F�W�V�� �D�� �S�H�U�V�R�Q�¶�V�� �D�E�L�O�L�W�\�� �W�R�� �H�[�W�U�D�F�W�� �P�H�D�Q�L�Q�J�I�X�O��

information from constituent features.         

Further evidence to support the concept that holistic processing is impaired in the 

inversion of faces is provided by Van Belle, De Graef, Verfaillie, Rossion, and 

Lefevre (2010).  They used a novel approach in an attempt to clarify the holistic 

aspect of face processing.  These researchers used an eye tracker to show participants 

certain parts of the face.  During the test stage, the parts of the face which were 

visible to the participants depended on the eye movements that they were making.  

The participants saw a face for 1000ms which was followed by two faces which 

were presented side by side.  The test faces were presented in one of three 

manipulations.  In the first trial-type the participant could see the full face.  In the 

second trial-�W�\�S�H�� ���N�Q�R�Z�Q�� �D�V�� �µ�Z�L�Q�G�R�Z�¶���� �W�K�H�� �S�D�U�W�L�F�L�S�D�Q�W�� �F�R�X�O�G�� �R�Q�O�\�� �V�H�H�� �R�Q�H�� �I�H�D�W�X�U�H������

This varied depending on where the participant fixated.  Therefore, if the participant 

was fixating on the nose, then they would only be able to see the nose through a 

�Z�L�Q�G�R�Z���� �� �7�K�H�� �Z�L�Q�G�R�Z�� �P�R�Y�H�G�� �Z�L�W�K�� �W�K�H�� �S�D�U�W�L�F�L�S�D�Q�W�V�¶�� �H�\�H�V���� �W�K�X�V���� �L�I�� �W�K�H�� �S�D�U�W�L�F�L�S�D�Q�W��

changed their fixation to the left eye, then only the left eye would be visible.  The 
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final trial-type involved deleting the feature at which the participant was fixating 

���N�Q�R�Z�Q�� �D�V�� �µ�P�D�V�N�¶������ �� �+�H�U�H���� �L�I�� �W�K�H�� �S�D�U�W�L�F�L�S�D�Q�W�� �I�L�[�D�W�H�G�� �R�Q�� �W�K�H�� �Q�R�V�H���� �W�K�H�Q�� �L�W�� �Z�R�X�O�G�� �E�H��

covered leaving the remaining face available for processing.  Again, the part of the 

face which was covered varied depending on where the participant fixated. Van 

Belle et al. (2010) found that in the condition in which participants could only see 

the feature upon which they were fixated, there was no inversion effect.  This shows 

that both in the upright and the inversion condition, participants were only able to 

process one feature at a time which disrupted their ability to combine facial features 

into a gestalt.  Therefore, the upright face was processed in a featural manner, as was 

the inverted face. 

Meinhardt-Injac et al. (2009) investigated the effect of internal and external features 

on the processing of familiar and unfamiliar faces.  Their experiments employed a 

matching task in which the stimuli differed by the whole face, or by either internal or 

external features.  These faces were tested both in the upright form and the inverted 

form.  The researchers found that there was an inversion effect when the internal 

features were different but not when the external features were different.  This shows 

that internal features are processed configurally, whereas, external features are 

processed in a more featural manner.                      

The composite face effect was first introduced by Young et al. (1987).  They wanted 

to explore the role of holistic processing in the recognition of familiar and unfamiliar 

faces.  The first experiment investigated famous faces in which three types of stimuli 

were used: a standard face, a composite face, and a non-composite face.  A 

composite face was created in which the top half, divided in the middle of the nose, 

of one face was combined with the bottom half of another face.  The two halves of 

the face were aligned to form a composite face.  The non-composite faces were the 
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top half of one face, and the bottom half of another, but, the two halves were 

misaligned by sliding the bottom half horizontally.  The task was to name the top 

half of each of the faces.  Young et al. (1987) found that participants responded 

faster to non-composite compared to composite faces.  This illustrated that, in the 

non-composite faces, it was easier to complete the task because the face was being 

processed in a featural manner compared to the composite faces in which configural 

processing was being used.  In the second experiment, these researchers explored the 

effect of inverting the famous composite and non-composite faces on performance.  

Young et al. (1987) found that inversion diminished the effect.  That is, when 

inverted, there was no difference in reaction time between the composite and non-

composite faces.  This shows that upright faces are processed in a configural manner, 

whereas inverted faces are processed on a feature-by-feature basis.  Therefore, 

regardless of whether the face was composite or non-composite, it was processed 

featurally.  This was different to the processing of upright faces in which non-

composite faces were processed featurally and composite faces were processed 

holistically.  The effect found for upright famous faces was repeated in unfamiliar 

faces (see Hole, 1994, discussed later).  Young et al. (1987) acknowledged that the 

dividing line between the two halves of the face was rather arbitrary, and not 

reflective of the actual distinction made in the previous face recognition literature 

(internal and external features).  Thus, in experiment four, Young et al. (1987) 

divided the faces by internal and external features rather than horizontally at the 

nose.  They replicated their previous findings in that the reaction times were slower 

to composite faces when compared to non-composite.  Again, this confirmed that 

familiar faces are processed in a configural manner, and that this effect can be 

generalised to real life distinctions, such as internal and external features, rather than 
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artificial divisions in the face.  The work of Young et al. (1987) was important 

because it provided a new way to demonstrate that faces are processed in a 

configural manner.  Furthermore, their research showed that inverted faces do not 

invoke the same configural mechanisms to process them as do upright faces. 

Hole (1994) argued that the unfamiliar faces used by Young et al. (1987) were not 

actually unfamiliar faces.  He claimed that because a task was used in which 

participants learnt to associate names to the faces, it may have been that there was 

some interference from other brain mechanisms that were involved.  He aimed to 

replicate the composite face effect for truly unfamiliar faces.  This research used a 

matching task in which participants were presented with a pair of faces and asked to 

decide if the faces were the same or different.  He used stimuli from which hair was 

�U�H�P�R�Y�H�G�������7�K�H���V�W�L�P�X�O�L���Z�H�U�H���S�U�R�G�X�F�H�G���V�R���W�K�D�W���W�K�H�\���Z�H�U�H���W�K�H���V�D�P�H���D�V���W�K�H���³�F�R�P�S�R�V�L�W�H�´��

faces as used in the Young et al. (1987) study.  Pairs of composite faces were 

presented simultaneously to participants for 2000ms, and they were asked to decide 

if the top half of the face was the same for the two faces.  They were presented in an 

upright and inverted orientation.  In an apparent contradiction to the results obtained 

by Young et al. (1987), Hole (1994) found that there was no difference in the 

reaction time between inverted and upright faces.  This shows that upright faces were 

processed in the same manner as inverted faces.  Hole (1994) attempted to address 

this issue in the second experiment by reducing the time for which the faces were 

presented to the participants from 2000ms, to 80ms. Indeed, this manipulation made 

the results consistent with those obtained by  Young et al. (1987).  Hole (1994) 

found that participants were faster at making decisions about inverted faces than 

about upright faces.  The difference between the 2000ms and 80ms condition was 

explained in that participants adopt a default configural approach to processing a 
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face.  In the 2000ms condition participants were able to switch to a featural approach 

however, in the 80ms condition there was not enough time to change the approach.         

The whole-part superiority effect was proposed by Tanaka and Farah (1993) who 

conducted three separate experiments.  In experiment 1, the participants were asked 

to memorise intact and scrambled faces.  They were then tested on these faces either 

in the context of a whole face or the facial features in isolation (as shown in Figure 

3.2). 
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Figure 3.2 �± Example of isolated, intact, and scrambled face taken from Tanaka and 
Farah (1993) 

The task was to identify individual features, thus, even in the whole face test 

condition, the target and distracter stimuli only differed in terms of the individual 
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feature that was being tested.  These researchers predicted that if the processing of 

whole faces is based on holistic mechanisms, then the recognition of features should 

be superior in the context of the whole face rather than on their own.  The 

predictions were indeed correct and they found that, when participants learned a 

whole face, performance was significantly higher if they were also tested with a 

whole face compared to if they were tested on individual features.  This 

demonstrated that a normal, whole face is processed more holistically than a 

scrambled face.  In the next experiment Tanaka and Farah (1993) wanted to apply 

the whole-part superiority effect to inverted faces.  In the learning stage, participants 

were presented with upright and inverted faces.  Then at test, participants were asked 

to identify individual facial features either in the context of the original whole face or 

individually, both for inverted and upright faces.  These researchers found that the 

whole-part superiority effect was replicated for upright faces but not for inverted 

faces.  This showed that upright faces are processed in a more holistic manner 

compared to inverted faces, which seem to be processed featurally.  This explained 

why there was no difference for whole face and individual features for inverted 

faces.  The whole-part superiority effect was not replicated for non-face objects 

(houses) in experiment three.  This showed that images of houses are not processed 

holistically, rather, they are processed feature by feature and this was the reason why 

there was no difference in the recognition of individual features (window, door etc) 

when they were presented isolation compared to when individual features were 

presented in the context of a house.   

Collishaw and Hole (2000) aimed to understand the relative effects of inversion, 

blur, and the scrambling of faces on recognition performance.  Participants in the 

experiment took part in two separate conditions, one of which investigated familiar 
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faces, and the other investigated unfamiliar faces.  The participants took part in one 

of seven conditions which were: blurred face, scrambled face, inverted face, or a 

combination of two from the three variations, in addition to a control group (whole 

upright face).  The experiment of most interest was the second, which looked at the 

processing of unfamiliar faces.  All three manipulations (blurring, scrambling, & the 

inverting of faces) led to a drop in performance compared to a control condition.  

The condition in which participants viewed blurred and scrambled faces yielded the 

lowest performance levels.  These researchers proposed that this was because 

scrambling and blurring tap into two separate processing mechanisms.  This explains 

why, when either one of the two manipulations was applied, performance decreased 

to a level which was approximately equal to the other manipulation.  However, when 

both manipulations were applied, performance decreased further, to near chance.  

Collishaw and Hole (2000) claim that the blurring of faces affects the mechanism 

which processes featural information, whereas, scrambling affects the mechanism 

which processes configural information.  Hence, a combination of both of the 

manipulations affects both mechanisms, which causes the most detrimental effect.  

This demonstrates that face processing does not just rely on either featural or 

configural processing, rather, it relies on varying contributions from both.  This is a 

convincing piece of work which has the same implications as Leder et al. (2001), as 

they both provide evidence for featural in addition to configural processing of 

information.  Upon reviewing the different phenomena that are used to explain face 

processing, it may be suggested that faces are not processed in a purely configural 

manner or purely featural manner.  However, a more likely explanation is that a 

more inclusive approach is employed in which both configural and featural 

processing mechanism work together.    
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3.1.2 External Features in Unfamiliar Face Processing 

In the following section, a series of studies are discussed which investigated the role 

of external features in the recognition of unfamiliar faces.  First, an experiment by 

Young et al. (1985) is discussed.  Then, more specific and related experiments by 

Ellis et al. (1979), Wright and Sladden (2003) and, Lewin and Herlitz (2002) are 

discussed.  Following this, the gaps in these pieces of research are highlighted from 

which the basis for the experiment reported in this chapter is found. 

Young, Hay, McWeeny, Flude, and Ellis (1985) used a matching task to investigate 

the role of internal and external features on the recognition of unfamiliar faces.  

These researchers presented participants with a whole face at the top of the screen, 

and then, underneath this face they were shown either a face with only internal 

features or a face with only external features.  The task was to decide whether the 

face was of the same person.  In some of the trials the two face images were of the 

same person, and in others, they were of two different people.  Young et al. (1985) 

used reaction time measures to conduct the data analysis.  They found that 

participants matched unfamiliar faces significantly faster from only external features 

compared to only internal features.  This shows that external features are more 

important in the perception of unfamiliar faces compared to internal features.  

However, no differences were found on measures of accuracy.       

In a different type of task, Ellis et al. (1979) conducted experiments in which a 

yes/no recognition paradigm was employed.  During the learning stage participants 

viewed a series of faces that were presented with hair.  Then at test, the participants 

were divided into three groups and asked to decide which faces they had previously 

seen.  One group was tested on targets and distracters which were displayed as in the 

learning stage, another group with only internal features, and the final group with 
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only external features (see Table 3.1).   These researchers found that performance 

was the highest when participants viewed the whole face at test compared to the 

other two conditions.  There was no difference in the recognition of unfamiliar faces 

in the group which viewed only internal features when compared to the group which 

viewed only external features.  Ellis et al. (1979) concluded that internal and external 

features play an equal role in the processing of unfamiliar faces.  A criticism of the 

methods used by Ellis et al. (1979) is that all the relevant comparisons were not 

conducted.  For example, there was no trial in which participants viewed only 

external features at learning, and then only external features at test.  Similarly, there 

was no condition in which participants viewed only internal features at learning and 

only internal features at test.  This would enable an accurate conclusion to be made 

about the role of internal and external features in the processing of unfamiliar faces.   

Another piece of research which can be seen to make a similar interpretation is that 

by Wright and Sladden (2003).  They investigated the role of hair in face 

recognition, specifically its role in the Own Gender Bias.  These researchers 

presented participants with a series of male faces during a learning stage of a yes/no 

recognition task.  Half of these faces were presented with hair and the other half 

were presented without hair.  Then in the test stage, all the faces were presented with 

hair (see Table 3.1).  These researchers found that performance was higher when hair 

was present at learning compared with when it was not.  This was taken as evidence 

for the importance of hair in face recognition.  Again, these researchers failed to 

make all the relevant comparisons.  There was no comparison which looked at the 

effect of learning a face without hair and then being tested on it with hair.   

Another study which investigated the role of external features in the processing of 

unfamiliar faces was conducted by Lewin and Herlitz (2002).  These researchers 
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employed a slightly amended version of the task compared to Wright and Sladden 

(2003) in that they used a between-subjects design as opposed to a within-subjects 

design.  Therefore, participants either saw faces with hair or faces without hair, but 

not both.  The participants in the hair condition saw faces with hair, both in learning 

and in the test stage.  The same was true for the participants who saw the faces 

without hair (see table 3.1).  Lewin and Herlitz (2002) found that participants 

performed significantly better in the condition in which the faces were viewed with 

hair compared to when they were viewed without.  This implies that hair is important 

for the recognition of unfamiliar faces.    

Table 3.1 �± Different type of trials that were used in the previously mentioned 
studies. 

 

Upon reviewing the three aforementioned studies, it seems interesting that, although 

the same experimental paradigm is used to investigate the question, different 

researchers have made different comparisons and come to the same conclusion (that 

hair is important in the recognition of unfamiliar faces).  It also seems that by 

changing the experimental setup (consistency/inconsistency of stimuli between the 

learning and test stage) there is a difference in the result obtained.   Looking at the 

pattern of methodological trial-types that are listed in the table above, it seems that 

the obvious comparisons have been missed.  What would happen if the stimuli were 

presented with and without hair in the learning stage to the same set of participants 

Study Learning Test 
Ellis et al. (1979) �± 
Between-subjects 

Full Face Full Face 
Internal Features Only Full Face 
External Features Only Full Face 

Wright and Sladden 
(2003) �± Within-subjects 

Full Face Full Face 
Internal Features Only Full Face 

Lewin and Herlitz  (2002) 
�± Between-subjects 

Full Face Full Face 
Internal Features Only Internal Features Only 
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and then the same participants be tested on stimuli with and without hair?  It appears 

that most of the conditions have been conducted but not in the same experiment.  

This is a disadvantage because a full comparison of all the different conditions was 

not made.  As a result of this, any conclusions that have been reached by the 

previously mentioned authors are only relative to the one or two other conditions 

which were conducted in the same experiment.  The experiment that is described in 

this experimental chapter includes a different combination of trial-types which were 

investigated together, thus any conclusions that were made were reflective of the 

relative importance of these conditions in the context of the whole experiment.  The 

proposed conditions and trial-types within each condition are shown in Table 3.2 

below. 

Table 3.2 �± Experimental trials that are reported in this experimental chapter. 
Condition  Learning Test 
Same Full Face (H) Full Face (H) 

Internal Features Only 
(HS) 

Internal Features Only 
(HS) 

SwitchHeadscarf  Full Face (H) Internal Features Only 
(HS) 

Internal Features Only 
(HS) 

Full Face (HS) 

. 

Based on the literature previously reviewed, which supports the holistic nature of 

face processing, it would be predicted that performance of participants in the Same 

condition will be better than those in the SwitchHeadscarf condition.  This is 

because, if faces are processed in a configural manner and if this configural 

representation extends to external features, then at test if the same face is presented, 

the configural representation stored in memory will be the same as that which is 

being presented on screen.  If the face is different (by changing external features) at 

test, then the configural representation will be disrupted, hence performance will 
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decrease.  The reason for this is because, in the Same condition the face seen at 

learning is identical to the face seen at test, however, in the SwitchHeadscarf 

condition, the face seen at test is an altered version (by adding or removing 

hair/headscarf) of the face seen at the learning stage.  On the contrary, if faces are 

perceived in a featural manner then, there will be no difference in the performance 

levels between the Same and SwitchHeadscarf conditions.   

3.1.3 Muslim Headscarf in Unfamiliar Face Processing 

The experiment reported in this chapter aims to address the issue of the Muslim 

headscarf and, the role it plays in the recognition of faces.  Megreya and Bindemann 

(2009) conducted a series of experiments in which they employed a matching task.  

The first investigated Egyptian observers in the recognition of Egyptian faces.  Both 

male faces (with hair) and female faces (with headscarf) were used as stimuli.  

Participants were presented with a target face which was always a full face (with 

hair/headscarf), alongside another face.  The other face was presented as a whole 

face, a face with only internal features or, a face with only external features.  The 

identity of the two faces could be the same or different.  They found that male and 

female faces were matched more accurately from only internal features compared to 

only external features.  This does not support the result obtained by Young et al. 

(1985) who found that unfamiliar faces were matched more accurately from external 

features.  They also found that all whole faces were matched more accurately than 

only external features.  This result seems logical as there is more information in the 

whole face than in only external features.  It also seems logical as the participants 

seem to find internal features more useful as they are less variable over time.  The 

male faces in the experiment were matched more accurately from only external 

features than female face.  It seems that this result is reasonable as the external 
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features of the male stimuli (hair) provide richer information compared to the 

external features of the female stimuli (headscarf).  Finally, and probably most 

importantly, these researchers did not find a difference in the performance of 

participants when matching whole faces compared to only internal features.  This 

demonstrates that external features are not important in the recognition of unfamiliar 

faces.  These researchers frame this as an internal feature advantage, and claim that 

this has not been reported in previous experiments.  As the results are not supported 

by previous work, which found that unfamiliar faces are matched more accurately 

from external features (Young et al., 1985), Megreya and Bindemann (2009) used a 

larger set of stimuli in the next experiment.  However, despite this the result did not 

change.  Next, in experiment 4, they asked Egyptian and British participants to 

match Egyptian and British faces.  The procedure employed was the same as that in 

the previous experiment.  The results showed that Egyptian participants were better 

at matching all faces from internal features (compared to only external features), 

whereas, British participants were better at matching all faces (Egyptian and British) 

from external features (compared to only internal features).  This showed that there 

was no difference in Egyptian and British faces, rather, the difference existed in the 

processing strategies employed by the two different groups of participants.  This 

raises the question of a potential environmental influence on the processing of faces.   

Megreya and Bindemann (2009) attribute the internal feature advantage, amongst 

Egyptian participants, to long term exposure to women wearing a headscarf.  The 

experiment reported in this chapter recruited participants from the city of Bradford, 

in which there is a large Pakistani community (Office for National Statistics, 2001).  

It is anticipated that the overwhelming majority of the Pakistani community is 

Muslim.  There are very many Muslim women in Bradford who wear a headscarf (no 
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exact number is known), thus, it is a common occurrence to see a woman with her 

hair concealed.  Given this information, together with the results obtained by 

Megreya and Bindemann (2009), it is difficult to predict whether the participants in 

this experiment would display an internal feature advantage, because on the one 

hand it is a British population (Young et al., 1985), whereas on the other, it is a 

British population highly exposed to women wearing a headscarf.  The experiment 

reported in this chapter aims to explore the effect of the Muslim headscarf using a 

different experimental paradigm (yes/no), one which taps into memory stores rather 

than perceptual mechanisms (matching task).                    

3.1.4 Own Race Bias 

As discussed previously (Chapter 1), the ORB refers to the heightened ability of a 

person to discriminate members belonging to their own race compared to people of a 

different race.  As the experiment reported in this chapter looks at the recognition of 

South Asian females by White and South Asian participants, it is worth briefly 

mentioning experimental papers in the area.  Walker and Hewstone (2006b) 

investigated the ORB in a British population using a perceptual discrimination task.  

Participants were presented with a continuum of faces which consisted of parent 

faces at either end of the continuum.  The faces in-between the parent faces were 

morphed versions of the two parent faces.  These researchers used secondary school 

aged children from racially segregated communities as participants.  They found that 

White participants exhibited an ORB, however South Asian participants did not.  

This was attributed to social factors such as experience with the other-race.  For 

example, these researchers pointed out that the majority of the teachers and other 

�D�X�W�K�R�U�L�W�\���I�L�J�X�U�H�V���L�Q���W�K�H�V�H���S�D�U�W�L�F�L�S�D�Q�W�V�¶���O�L�Y�H�V���Z�H�U�H���:�K�L�W�H���������,�Q���D�Q�R�W�K�H�U���H�[�S�H�U�L�P�H�Q�W���E�\��

Walker and Hewstone (2006a), they investigated how the ORB changes with 
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development from childhood to adulthood.  These researchers only used White 

participants.  The result most important to the experiment reported in this chapter is 

that the University aged students were better at discriminating White faces compared 

to the South Asian faces.  This shows a clear ORB on the level of perceptual coding.  

For this reason, the experiment reported in the chapter has been divided into South 

Asian and White participants.   

Taking into consideration the mixed findings from a variety of different 

experimental methods, the following experiment aimed to understand further the 

importance of hair in the recognition of faces.  It also aimed to explore the nature of 

any effect in relation to factors such as race and location of participants. 

3.2 Methods 

3.2.1 Participants 

A total of 84 participants took part in this experiment (36 males & 48 females) with a 

mean age of 22.52 years (SD = 5.70).  Participants included 18 South Asian males 

(mean age= 20.11 years, SD= 1.88), 18 White males (mean age = 23.61 years, SD = 

4.15), 18 White females (mean age= 27.83 years, SD= 9.19), and 30 South Asian 

females (mean age= 20.13 years, SD= 1.88).  

3.2.2 Materials 

The stimuli used in this experiment were the same as those used in the pilot 

experiments. 

3.2.3 Design 

A mixed-subjects design was used in which the participants were divided in terms of 

Gender and Race.  Furthermore, participants took part in one of the two conditions.  
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They either viewed a given face with the Same external features both in the learning 

and in the test stage, or, they experienced a Switch in the state of the external 

features between learning and test stage.  That is, if face A was seen with hair in the 

learning stage, then the Same group saw it with hair in the test stage, however, the 

SwitchHeadscarf group saw it with a headscarf in the test stage.  All participants 

viewed both headscarf and hair stimuli intermixed in the learning stage (see Table 

3.2).  

3.2.4 Procedure 

Prior to beginning the experiment participants provided informed consent.  They 

were given the opportunity to ask questions and all the instructions related to the task 

were presented to the participants on screen to ensure consistency.  Participants took 

part in a yes/no recognition task identical to the one used in Pilot Study One and 

Pilot Study Two.  They were given 8 practice trials with photographs that were not 

used in the main experiment.  The practice trials were used in order to familiarise the 

participants with the experimental set up.  The experimental procedure was kept the 

same as in Pilot Study Two except that the participants were shown each stimulus in 

the learning stage for 6000ms.  This was done to make the experiment consistent 

with other literature.  During the test stage participants were presented with each of 

the stimulus faces for 5000ms, after which the screen became blank.  The screen 

remained blank until the participant responded.  As with the previous experiments, 

participants viewed a total of 12 faces in the learning stage (6 with headscarf and 6 

with hair) and 24 faces in the test stage (12 with headscarf and 12 with hair).  The 

distracter task remained the same as in Pilot Study Two (word search).  In order to 

prevent coincidental differences in recognisability of the faces producing a spurious 

difference in performance between, say, the H-H and HS-HS trial, a form of 
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counterbalancing was employed. For this condition half of the participants would see 

half of the faces in the H form, with the other half being seen in the HS form. The 

other half of the participants would see the faces in their complementary forms. In 

this way each stimulus participant would be seen an equal number of times in each 

state. 

3.3 Results 

A four-way mixed ANOVA (2 Gender (male/female) x 2 Race (Asian/White) x 2 

State of Stimuli at Test (hair/headscarf) x 2 Condition (Same/SwitchHeadscarf)) was 

conducted.  Gender, Race, and Condition were entered as between-subjects 

variables, and State of Stimuli at Test was entered as the within-subjects variable.   

3.3.1 Sensitivity 

The analysis revealed an interaction between State of Stimuli at Test x Gender x 

Race (F (1, 76) = 4.07, p = 0.047, ��p² =0.051).  This interaction was investigated 

further with a series of t-tests.  None of the comparisons reached the required level of 

significance.  The breakdown of the interaction is shown in Table 3.3.  

Table 3.3 - Mean �G�¶��and Standard Deviation divided by Gender, Race, and State of 
Stimuli at Test.  HS represents headscarf and H represents hair.  The data is 
collapsed across the two conditions.     
Gender 

 
Male Female 

Race 
 

Asian White Asian White 

Stimulus 
at Test 

HS H HS H HS H HS H 

Mean �G�¶ 1.51 
 

1.53 1.53 1.01 1.88 1.61 1.12 1.54 

Standard 
Deviation 

1.04 1.48 0.81 1.12 1.28 1.05 1.24 1.26 
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In addition to the previously mentioned interaction, a main effect of Condition was 

observed (F (1, 76) = 74.086, p < 0.001, ��p² = 0.494).  This showed that participants 

in the Same condition performed significantly better compared to participants in the 

SwitchHeadscarf condition.  This is shown in Figure 3.3.  There were no main 

effects of Gender, Race, or State of Stimuli at Test.   
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Figure 3.3 �± Main effect of condition.  Same represents the conditions in which 
participants viewed consistent stimuli between the learning and test stage.  
SwitchHeadscarf shows the trials in which the external features were changed 
to/from HS/H between the learning and test stage.   Error bars represent Standard 
Error. 

In the following section HS-HS refers to the trials in which participants viewed 

Headscarf faces in the learning stage which were presented in the test state as 

Headscarf faces.  H-H refers to the trials in which participants viewed faces with 

Hair in the learning stage which were presented with Hair in the test stage.  H-HS 

refers to the trials in which faces that were presented with Hair in the learning stage 

were switched and presented with a Headscarf in the test stage.  HS-H refers to those 

trials in which the faces that were presented with a Headscarf in the learning stage 
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were switched and presented with Hair in the test stage.  Although there was no 

difference observed between the different types of trial within each condition (HS-

HS & H-H or H-HS & HS-H) the data for this are presented below in Figure 3.4.  

The graph shows that in the Same condition the performance levels were 

approximately equal between the HS-HS and H-H trials.  However, in the 

SwitchHeadscarf condition there seems to be a difference between the two types of 

trials but this was not shown in the inferential statistics, presumably because it was a 

weak effect. 
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Figure 3.4 �± Graph shows performance levels in the Same and SwitchHeadscarf 
conditions broken down by the type of trial in each condition.  Error bars represent 
Standard Error.  HS-HS refers to the trials in which participants viewed Headscarf 
faces in the learning stage which were presented in the test state as Headscarf faces.  
H-H refers to the trials in which participants viewed faces with Hair in the learning 
stage which were presented with Hair in the test stage.  H-HS refers to the trials in 
which faces that were presented with Hair in the learning stage were switched and 
presented as Headscarf faces in the test stage.  HS-H refers to those trials in which 
the faces that were presented as Headscarf faces in the learning stage were switched 
and presented with Hair in the test stage.   
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3.3.2 Reaction Time 

A further four-way mixed ANOVA was conducted to look at participant reaction 

times in the different experimental trials.  The same experimental variables were 

entered as in the previous ANOVA.  Reaction time data was taken only from the 

correct responses that were given by the participants.  The results obtained on the 

measures of sensitivity were replicated on measures of reaction time and a main 

effect of Condition was seen (F (1, 76) = 30.454, p< 0.001, ��p² = 0.286).  Again, this 

demonstrated that participants in the Same condition correctly responded 

significantly faster than those in the SwitchHeadscarf condition.  This is shown in 

Figure 3.5. 

0

500

1000

1500

2000

2500

Same SwitchHeadscarf

R
ea

ct
io

n 
T

Im
e

 (
m

s)

Condition  

Figure 3.5 - Main effect of condition (Reaction Time).  Same represents the 
conditions in which participants viewed consistent stimuli between the learning and 
test stage.  SwitchHeadscarf shows the trials in which the external features were 
changed to/from HS/H between the learning and test stage.   Error bars represent 
Standard Error. 
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3.4 Discussion 

3.4.1 Brief Summary of Results 

The aim of this experiment was to explore the role that the Muslim headscarf plays 

in face recognition.  Furthermore, the experiment looked to explore the extent to 

which faces are processed holistically.  It was found that, when the stimuli remained 

the same between the learning and test stage (Same), there was no difference in the 

recognition of faces with and without headscarf.  This illustrates that there is 

sufficient information in the internal features of a face for optimal processing of 

faces to occur.  Furthermore, it was found that participants performed significantly 

worse when the stimuli were switched from learning to test (SwitchHeadscarf), 

compared to when they were kept consistent (Same).  This demonstrates that faces 

are processed in a configural manner in which the relationship between different 

facial features forms a gestalt representation and is stored in memory as this.  When 

this gestalt representation is different to the face that is being presented at test, there 

is a drop in performance. 

3.4.2 Faces are processed holistically 

The results of the experiment reported in this chapter were consistent with previous 

work which concluded that faces are processed holistically.  In strict terms, the 

findings from this experiment do not support the whole-part superiority effect which 

was proposed by Tanaka and Farah (1993).  The results of this experiment show that 

a whole face (with hair) is only better recognised when it was learned as a whole 

face, and that if the face was learnt with the external features concealed (headscarf),  

then performance is superior if it is tested with external features concealed.  It should 

be noted that this is merely speculative because there were many differences between 
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the experimental methods in this experiment compared to Tanaka and Farah (1993).  

One main difference is that Tanaka and Farah (1993) tested participants on 

individual face features, such as the nose, whereas in this experiment participants 

were tested on a group of features i.e. internal features.  This may be one reason why 

there was a difference in performance between the two conditions in the experiment 

by Tanaka and Farah (1993) but not between the two conditions (hair/headscarf) 

reported in this chapter.  The findings from the experiment are supportive of work by 

Leder and Carbon (2005) who found that individual features were better recognised 

in the context of a whole face if they were learnt as a whole face, but not if they were 

learnt in isolation.  The experiment reported in this chapter provides the same 

conclusions but in the context of hair.  A face without hair is best recognised if it is 

learnt and tested without hair.  If there is a discrepancy between the learning and test 

stage, then performance drops significantly. 

The findings from the experiment reported in this chapter also imply that configural 

coding is not specific to internal features.  Previous experiments such as Leder and 

Bruce (2000) provide evidence for the existence of configural encoding for internal 

features, whereas, this experiment provides evidence that configural encoding exists 

beyond just the internal features and that it can incorporate external features.  This 

supports findings from other work which shows that configural encoding can span 

the entire face, as far as to include the hair (Bartlett & Searcy, 1993; Farah, Wilson, 

Drain, & Tanaka, 1998).  In addition to this, the results presented in this chapter are 

not consistent with those reported by Meinhardt-Injac et al. (2009).  They concluded 

that internal features are processed configurally whereas external features are 

processed featurally.  The findings from the experiment reported in this chapter lead 

to the conclusion that, both internal and external features are processed configurally.  
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This may be the reason why, when external features are switched, performance drops 

significantly.  The findings of the experiment reported in this chapter are consistent 

with the findings obtained by Young et al. (1987) in experiment four.  They found 

that reaction times were slower for composite famous faces compared to only 

internal features of famous faces.  That is, if a famous face was previously learnt 

with no hair and �W�H�V�W�H�G�� �Z�L�W�K�� �V�R�P�H�R�Q�H�� �H�O�V�H�¶�V�� �K�D�L�U���� �W�K�H�Q�� �S�D�U�W�L�F�L�S�D�Q�W�V�� �U�H�V�S�R�Q�G�H�G��

significantly slower than if they learnt and were tested with no hair.  This is because 

the configural representation of the face is disrupted between learning and test.  The 

same is true for the unfamiliar faces that were used in this experimental chapter.  If 

there is a change in the state of the hair between learning and test, there is a 

disruption in configural processing, thus performance decreases.  

3.4.3 Importance of External Features 

The results from the experiment reported in this chapter are supportive of those 

obtained by Wright and Sladden (2003), in that performance was significantly higher 

when the stimulus was learnt and tested as a full face (with hair), compared to when 

it was learnt with only internal features and tested with hair.  However, the 

interpretation provided by Wright and Sladden (2003) is only one of two possible 

explanations.  Wright and Sladden (2003) conclude that the reason for this difference 

is due to the importance of hair in the Own Gender Bias.  These researchers propose 

that faces that include hair result in higher performance compared to faces that are 

presented without hair because hair is important.  The conclusions of the experiment 

reported in this chapter suggest that the reason why performance is higher in the 

trials in which faces are learnt and tested with hair compared to when faces are learnt 

with a headscarf and tested with hair, is because of the consistency between the 

learning stage and the test stage.  It is predicted that, had Wright and Sladden (2003) 
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included a trial-type which tested faces that were learnt with only internal features 

and were tested with only internal features, they probably would have found that 

there was no difference in performance compared to when the faces were learnt and 

tested as a full face.  Furthermore, this also explains why in a matching task, 

researchers (Megreya & Bindemann, 2009; Young et al., 1985) found that matching 

performance was better from only external features than only internal features.  It 

may be that a matching task taps into perceptual mechanisms, whereas recognition 

tasks taps into memory stores.  In any case, these are merely speculations because 

Wright and Sladden (2003) did not conduct all the necessary trials to make these 

comparisons.  This is one of the reasons why the comparisons made in this 

experiment are so important.  Having said this, Lewin and Herlitz (2002) did find a 

difference when they compared participants that were presented with a face with hair 

at learning and test with participants that were presented a face with no hair at 

learning and test.  A possible explanation for this is that a between-subjects design 

was used, thus, participants either saw faces with hair or without, not both.  It may 

be that, when participants see a consistent set of stimuli with hair (i.e. all the stimuli 

that are seen by a group of participants have hair, as opposed to half with hair and 

half without), they process hair information which leads to higher performance 

compared to those participants that do not see any hair information.  However, when 

a participant sees faces with and without hair, attention may become focused on the 

internal features because they are the only set of features that are consistent between 

all the faces.  Thus, in a within-subjects design, it is predicted that there will be no 

difference between hair and no hair stimuli, whereas, in a between-subjects design 

there may be a difference.  A replication of the experiment reported in this chapter 

has been conducted and discussed in Chapter 7.  In this replication there was a small 
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but significant result which showed that performance was higher when faces were 

learnt and tested with hair, compared to when they were learnt and tested without 

hair (this will be discussed in more detail in Chapter 7).  The differences between the 

experiment reported in this chapter and the three most similar academic papers are 

included in the Table 3.4.  The table highlights the importance of making all the 

relevant comparisons. The table also allows questions to be asked about the 

generalisability of results, due to the difference in results depending on experimental 

setup. 

Table 3.4 �± How other work differs from the experiment reported in this chapter. 
Study Learning Test How is it different? 
Ellis et al. (1979) �± 
Between-subjects 

Full Face Full Face Design 
Does not include 
Internal�ÆInternal 
Does not include 
Hair�ÆInternal 

Internal Features 
Only 

Full Face 

External Features 
Only 

Full Face 

Wright and 
Sladden (2003) �± 
Within-subjects 

Full Face Full Face Does not include 
Internal�ÆInternal 
Does not include 
Hair�ÆInternal 

Internal Features 
Only 

Full Face 

Lewin and Herlitz  
(2002) �± Between-
subjects 

Full Face Full Face Design 
Does not include any 
Switch condition 

Internal Features 
Only 

Internal Features 
Only 

 

3.4.4 The Muslim headscarf 

Referring back to work by Megreya and Bindemann (2009), the results of the 

experiment reported in this chapter support their results.  They found that Egyptian 

participants displayed an internal feature advantage in that the Egyptian participants 

in their experiment performed equally well in trials in which only the internal 

features were present and in those in which the both the internal and external features 

were present.   In the Same condition, the participants in this experiment did indeed 

display an internal feature advantage, in that recognition was equal when stimuli 
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were shown with and without hair.  However, in the Megreya and Bindemann (2009) 

study, the Egyptian female stimuli were never shown with hair (compared to the 

experiment reported in this chapter in which the stimuli face were shown with and 

without hair), therefore, it is not possible to make a direct comparison.  Although the 

same experimental paradigm was not used, one of the experiments in Megreya and 

Bindemann (2009) can be thought of as SwitchHeadscarf condition.  In experiment 

1, Egyptian participants viewed one face with hair and then stimuli which was either 

a face with external features, a face with no external features, or just external 

features.  The result of the experiment reported in this chapter would predict that 

performance would be higher when both faces in the matching task of Megreya and 

Bindemann (2009) were displayed with external features, compared to, when one 

face was displayed with external features and the other was not.  This was not the 

case, thus, in essence, there was no difference between the equivalent of Same and 

SwitchHeadscarf in the Megreya and Bindemann (2009) experiment.  There are 

potentially two reasons for this, firstly, it may be that Megreya and Bindemann 

(2009) used a matching task, which taps into perceptual mechanisms.  Therefore, it 

can be claimed that configural processing does not occur at a perceptual level, and 

only occurs in memory (as in this experiment).  Further research is needed to explore 

this further.  Alternatively, it may be that, as a result of experience there is a change 

in the processing mechanisms that people employ to process faces.  This is shown by 

the fifth experiment in Megreya and Bindemann (2009), in which children were 

asked to complete the matching task.  Somewhat surprisingly, the internal feature 

advantage disappeared.  Therefore, children were more accurate at matching faces 

from external features than from internal features.  Still, there was no difference 

between matching whole faces and matching faces from only external features.  
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Hence, their results indicate that at a perceptual level, different kinds of Switch have 

a different effect depending on the degree of development within the participants.  

However, at a memory level, any Switch causes disruption (see next chapter for more 

details).                     

3.4.5 Own Race Bias 

The expected ORB was not found in the experiment reported in this chapter.  The 

White participants were equally good at the task as the South Asian participants, 

even though all stimuli were of South Asian faces.  Taking into consideration the 

contact hypothesis (Allport, 1954) a difference would have been expected based on 

the broad assumption that the South Asian participants would have been more 

exposed to South Asians simply because there would be more South Asians in their 

extended family etc.  However, such assumptions may not always be accurate in 

instances such as a South Asian child being adopted by a non-South Asian family or 

a similar scenario to this in which a South Asian person has had limited exposure to 

other South Asian people.  A quantitative measure of contact with South Asian 

people could provide important information on this issue.  This was done and is 

reported in Chapter 7 of this thesis.  Based on the prediction by Megreya and 

Bindemann (2009), in which they attributed the internal feature advantage to the 

prolonged experience of people in Egypt to seeing people with their hair covered, it 

would be expected that South Asians would perform better than White participants 

because they would have more contact with headscarf-wearing women.   

3.4.6 Conclusions 

It has been shown that during a yes/no recognition task faces are processed in a 

holistic manner.  If the stimulus remains the same (no change to external features) 

between the learning stage and the test stage, then this holistic processing is not 
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disrupted and performance is equal in the presence or absence of hair.  However, 

when the stimulus is switched (change in external features to or from headscarf/hair 

but internal features remain the same) then, the holistic processing of the faces is 

disrupted and there is a drop in performance compared to the conditions in which the 

external features remain the same.  From these findings it can be concluded that 

there is sufficient information in the internal features of a face for optimum 

performance during a yes/no recognition task when the stimulus remains consistent.  

However, the external features (hair or headscarf) can act as a distracter when added 

to or removed from a face.  Having said this, there are some issues of generalisability 

which should be addressed before more concrete conclusions can be reached.   The 

issue of generalisability is important because it enables a comparison to be made 

between an effect that is found in an experimental situation and in a real world 

setting.  The experiment reported in this chapter found that participants were able to 

perform equally well with a headscarf and with hair if the stimulus remained 

consistent between the learning and test stage.  Could it be that this effect is only 

present because of the Muslim headscarf?  One possibility is that in previous 

experiments a cropped face is used (face without hair) and this cropped version of 

the face could be perceived differently than a headscarf face.  Firstly because, a face 

with a headscarf is something that would be seen in everyday life whereas a cropped 

face would not be seen in an average day.  Thus, it may be that different mechanisms 

are employed to process a cropped face than a headscarf face.  Alternatively, it may 

be that in the presence of a headscarf, participants consciously respond differently, 

possibly because of positive or negative connotations that may be associated with it.  

These two reasons may be why the results are as they are.  Thus, in the next chapter 

an experiment is reported in which headscarf stimulus was replaced by cropped 
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stimulus.  Furthermore, the question of whether researchers such as Ellis et al. 

(1979), Wright and Sladden (2003), and Lewin and Herlitz (2002) have correctly 

interpreted their results is explored. 

  



117 
 

Chapter 4 �± Importance of Hair for Face Recognition 

4.1 Introduction  

The previous chapter investigated the effect of the Muslim headscarf on performance 

during a yes/no recognition task.  It was found that if the state of the stimuli was kept 

the same (no change to external features) between the learning and test stage for any 

given face, then the internal features of the face were sufficient for accurate face 

recognition, thus the presence of a headscarf was not detrimental to recognition 

performance.  However, when the state of the external features was changed between 

the learning and test stage for any given face (hair to headscarf or headscarf to hair) 

then, participant performance decreased significantly compared to when they 

remained the same.  This shows that external features can sometimes have a negative 

impact on performance in a yes/no recognition task.  These findings brought into 

question the interpretations of previous research (e.g. Ellis et al., 1979; Lewin & 

Herlitz, 2002; Wright & Sladden, 2003) which concluded that hair is important in the 

recognition of faces.  The findings from the previous experimental chapter 

demonstrated that hair is only important in certain conditions and sometimes 

performance is equal in the presence or absence of hair.  To enable a comparison to 

be made between the three research studies mentioned above it was no longer 

sufficient to use headscarf stimuli.  Instead, the headscarf stimuli were replaced with 

cropped stimuli to make them more like those used in previous experiments.   

4.1.1 Importance of Internal and External Features in Familiar Faces   

In face processing literature a distinction is frequently made between the internal and 

external features of a face. Internal features are predominantly defined as the eyes, 

mouth, nose, and cheeks (Frowd et al., 2007), and consequently external features are 
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defined as the remaining parts of the face (hair & sometimes chin contour). Sinha 

and Poggio (1996, 2002) have presented a widely-cited and striking demonstration 

of how important external features can be in face perception.  In Sinha and Poggio 

(1996), the internal features of the then US-President Bill Clinton were combined 

with the hair and other external features of his vice-president, Al Gore. The resulting 

combination appears to casual inspection to be very similar to Gore, implying the 

dominance of external features.  Additionally, in a review by Johnston and Edmonds 

(2009) it has been suggested that the relative importance of external and internal 

features changes as faces become more familiar, with external features being 

relatively more important in the processing of unfamiliar faces, although this does 

not imply that external features are unimportant for the recognition of familiar faces.  

This is evidenced by a recent replication of the Sinha and Poggio illusion by 

Andrews and Thompson (2010) using the current leaders of the coalition government 

in the United Kingdom, Prime Minister David Cameron and Deputy Prime Minister 

Nick Clegg (as shown in Figure 4.1).  These researchers show that although the 

illusion works for the coalition pair, the distinctiveness of the external features 

mediates the effectiveness of it. 

 
Figure 4.1 �± Left: Nick Clegg and Right: Internal Features of Nick Clegg imposed on 
the external features of David Cameron. 
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Longstanding work in face perception indicates the apparent importance of internal 

features for the perception of familiar faces.  Ellis et al. (1979) asked participants to 

identify familiar faces based on either a whole face, only internal features, or only 

external features.  They found that participants were significantly more accurate at 

recognising such a face with only internal features compared to only external 

features.  Young et al. (1985) broadly concurred with the conclusions drawn by Ellis 

et al. (1979).  Through the use of a matching task, they found that internal features 

were matched significantly faster for familiar faces than for unfamiliar faces, hence 

confirming the heightened preference given to internal features during familiar face 

matching compared to unfamiliar face matching.  

4.1.2 Importance of External Features in Unfamiliar Faces at a Perceptual 

Level  

Conversely, the apparent importance of external features for unfamiliar faces in 

measures of accuracy has been demonstrated by two types of experiment: a matching 

paradigm and a yes/no face recognition paradigm.  Bonner, Burton, and Bruce 

(2003) used a matching task to study the time course of the role of internal and 

external features over 3 days. At baseline, when participants were unfamiliar with 

the faces, they performed significantly better at matching faces presented with only 

external features than they did with only internal features.  However, after 3 days 

performance for the two types of stimuli had become the same. Similarly,  Bruce et 

al. (1999) used a matching task to investigate unfamiliar face recognition and found 

that participants were significantly more accurate at matching only external features 

than only internal features. In addition to this, they found that participants were 

significantly better at matching whole faces compared to faces presented with only 

external features.  Nachson and Schehory (2002) again adopted a matching task and 
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found that participants were more accurate at matching unfamiliar whole faces from 

whole faces compared to external features, which in turn was more accurate than 

internal features. Hence, the previously mentioned studies (Bonner et al., 2003; 

Bruce et al., 1999; Nachson & Shechory, 2002), all confirm that at a perceptual level 

external features are more informative than internal features for unfamiliar faces.  

More recently, further support for the importance of external features in unfamiliar 

faces comes from Megreya and Bindemann (2009) who again employed a matching 

task and reported that British participants were more accurate at matching faces from 

only external features than only internal features. The key difference here was that 

this importance of external features was only found in British observers and the 

opposite effect was found in Egyptian observers.  Megreya and Bindemann (2009) 

found that Egyptian observers exhibited an internal feature advantage for unfamiliar 

faces.  It could be that face processing strategies vary depending on the kinds of 

faces people are exposed to.  For example, people living in Egypt might acquire an 

internal feature preference because they regularly come across women wearing a 

headscarf, whereas the British participants would be less likely to do so.   

4.1.3 Importance of External Features in Unfamiliar Faces during a Yes/No 

Recognition Task  

In the studies mentioned in the above paragraph, the preference given to external 

features over internal features in unfamiliar faces emerged from various matching 

tasks.  As mentioned previously,  Ellis et al. (1979) conducted a yes/no recognition 

experiment in which the participants were shown a series of faces in the learning 

phase followed by a test phase consisting of targets and distracters.  All participants 

were presented with whole faces at learning followed by either a whole face, only 

internal features, or only external features at test.  It was found that whole faces were 
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recognised significantly better than only internal or only external features. On 

measures of accuracy no significant difference was found between only internal and 

only external features. They took this to imply that internal and external features are 

equally informative in the recognition of unfamiliar faces. A key point to note here is 

that there is a change in the nature of the stimulus between the learning and test 

phase in the condition where poorer performance was found, which may affect 

performance for reasons entirely different from the extent to which internal and 

external features are actually informative for face recognition. Although the 

preference towards external features is not explicitly mentioned by these researchers, 

it is evident that in comparison to familiar faces, external features play more of a role 

in the recognition of unfamiliar faces. There is a substantial body of other work to 

support the relative importance of external features for the recognition of unfamiliar 

faces. For example, Lewin and Herlitz (2002) used a yes/no recognition paradigm to 

investigate differences in face recognition abilities, finding that participants 

performed significantly better when faces were presented with hair compared to 

when they were presented without hair.  Similarly, Wright and Sladden (2003) used 

a yes/no recognition paradigm in which participants were presented with both whole 

face stimuli and internal feature stimuli during the learning stage. When participants 

were presented with whole faces at test, they found that performance was 

significantly higher when they had learned whole faces than when they had learned 

only internal features.  Wright and Sladden (2003) concluded that hair had a very 

large effect on the recollection of faces, but again there was a potentially 

confounding change in stimuli between learning and test phases.   

The effect of internal and external features was similarly investigated with children 

(Want, Pascalis, Coleman, & Blades, 2003). Participants were from four age groups: 
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5 year olds, 7 year olds, 9 year olds, and adults.  They also used a yes/no experiment 

in which during the learning stage participants viewed a 3 second video of an 

unfamiliar whole face.  Participants were tested using still images of internal 

features, external features and the whole face.  They found that 5 and 7 year olds 

were more accurate with external features than with internal features whereas for 

older children and adults there was no difference between internal and external 

features.  The results with adults are consistent with Ellis et al. (1979) with there 

being a shift towards internal features as age increases. 

4.1.4 The Distinction between the Two Types of Trial in a Yes/No Recognition 

Task 

Research that uses the yes/no recognition paradigm to investigate the 

internal/external feature relationship can be conceptualised as being of two types.  

The first is when the state of each of the stimuli is kept the same in the test stage as it 

was in the learning stage (Lewin & Herlitz, 2002). This will be referred to as the 

Same type.  In Lewin and Herlitz (2002) participants either viewed a full face or a 

face with only internal features during the learning phase.  During the test phase the 

participants that viewed a full face at learning also viewed a full face at test and 

likewise for the internal features.  Lewin and Herlitz (2002) concluded that 

participants were significantly more accurate at recognising whole faces compared to 

faces with only internal features.  This implies that external features are important 

for the recognition of unfamiliar faces and that their absence causes a decrease in 

performance. Alternatively, the state of the stimuli can be switched between the 

learning and the test stage, this is denoted as the Switch type.  In this variation, the 

state of the hair between learning and test is changed.  For example, Wright and 

Sladden (2003) showed participants faces with either hair or just internal features at 
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learning and during the test phase all faces were shown with hair.  Hence, the faces 

that were shown with no hair at learning and with hair at test were switched.  Wright 

and Sladden (2003) found that participants performed significantly better when hair 

was present in both learning and test compared to when hair was only present at test.  

Similarly, Ellis et al. (1979), also used the Switch method.  The matching 

experiments described above (Young et al., 1985) can also be conceptualised as 

being either Same, where the matching images being presented simultaneously are in 

the same state, or Switch, where they are in different states. These studies are almost 

always performed in the Switch mode, with Same conditions being included on an 

infrequent basis. 

It is thus unclear whether the drop in performance in the absence of hair reported in 

some studies is due to its importance for face perception or purely because of the 

change between the learning stage and the test stage (or difference in state in a 

matching task).  The results of these studies seem to imply that performance 

accuracy is due to the presence or absence of hair, however, it can be argued that it is 

due to an alternative factor, namely the change in condition between learning and 

test stages.  It seems that the processing of unfamiliar faces is highly error prone and 

therefore simple changes in appearance might reasonably be thought to cause a 

disruption in recognition ability, independent of the extent to which internal and 

external features are actually needed for optimal recognition performance. An 

alternative explanation for the decrease in performance when internal features rather 

than the whole face is used may be that during the learning stage of a yes/no 

recognition task participants use a variety of configural processes (Maurer et al., 

2002) to form a mental representation of a face.  Then, when the stimuli are switched 

between learning and test, there is a drop in performance because the test stimuli do 
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not match the mental representation of the face.    For this reason it may be that 

memory for unfamiliar faces is context dependent, therefore a change in context of 

the inner face causes a disruption to performance. Similar arguments would apply for 

results from matching task. 

Despite the plethora of research into the internal and external features of faces, there 

does not appear to be a study which reports the straightforward conditions of 

comparing faces with and without hair and the relationship between Same and Switch 

conditions, although some of the conditions in the papers previously discussed 

obviously relate to these issues.  The experiment reported in this chapter used a 

yes/no recognition experiment in which both the Same and the Switch conditions 

were used.  Furthermore, the Switch conditions were of two types, either switching 

from/to hair or switching to/from headscarf and cropped stimuli (neither with hair).  

As with the previous experimental chapter, the effect of race and gender of 

participants was also investigated. 
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4.2 Materials and Methods 

4.2.1 Participants 

Participants were recruited at the University of Bradford using an opportunity 

sample.  A total of 112 participants were used as observers in the experiment (mean 

age = 22.44 years, SD = 4.86). The mean age for South Asian male observers was 

21.0 years (SD=3.3), White males was 24.8 years (SD=6.6), South Asian females 

was 21.9 years (SD=4.1) and White females was 22.1 years (SD=4.3). 

Approximately equal numbers of South Asian and White, male and female 

participants were used.  Participants had not taken part in any of the previous 

experiments.   

4.2.2 Stimuli  

The same stimuli were used as in the previous experimental chapter.  However, in 

this experiment, cropped stimuli were also used.     

4.2.3 Design 

A mixed-subjects design was employed in which the between-subjects variables 

were Gender (male or female), Race (South Asian or White), and Condition (Same* 

or SwitchHair** or SwitchNoHair***).  The within-subjects variable was State of 

Stimuli at Test (External Features or No External Features).  Participants took part in 

only one of the three conditions.  This is shown in Table 4.1. 
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Table 4.1 �± Different types of trials in each of the experimental conditions. 
Condition Learning Test 

 
 

 
Same 

6 Faces with Hair  
(H) 

  

12 Faces with Hair  
(H) 

 
6 Faces with Hair 

Cropped (CR) 

 

12 Faces with Hair 
Cropped (CR) 

 
 
 
 

SwitchHair 

 6 Faces with Hair  
(H) 

 

12 Faces with Hair 
Cropped (CR) 

 
6 Faces with Hair 

Cropped (CR) 

 

12 Faces with Hair  
(H) 

 
 
 
 

SwitchNoHair 

6 Faces with a headscarf 
(HS) 

 

12 Faces with Hair 
Cropped (CR) 

 
6 Faces with Hair 

Cropped (CR) 

 

12 Faces with a headscarf 
(HS) 

 
 

�
�³�6�D�P�H�´�� �U�H�I�H�U�V�� �W�R�� �W�K�H�� �F�R�Q�G�L�W�L�R�Q�� �L�Q�� �Z�K�L�F�K stimuli remained the same between the 

learning and test stage.  In this condition participants viewed H and CR faces 

intermixed in the learning stage.  Later in the test stage they were presented with the 

same stimuli plus distracters.  The participants in this condition took part in H�ÆH 

and CR�Æ�&�5���W�U�L�D�O�V�������,�Q���J�H�Q�H�U�D�O�����W�K�H���Q�R�P�H�Q�F�O�D�W�X�U�H���³�;�Æ�<�´���L�V���X�V�H�G���W�R���L�Q�G�L�F�D�W�H���W�K�D�W���W�K�H��

stimulus was in state X at learning, and state Y at test (because in the subsequent two 

conditions the stimuli change between the learning and test stage).  The total number 
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of participants in this condition was 39 (9 South Asian males, 11 South Asian 

females, 9 White males, & 10 White females). 

�
�
�³�6�Z�L�W�F�K�+�D�L�U�´�� �U�H�I�H�U�V�� �W�R�� �W�K�H�� �H�[�S�H�U�L�P�H�Q�W�D�O�� �F�R�Q�G�L�W�L�R�Q�� �L�Q�� �Z�K�L�F�K�� �W�K�H�� �V�W�L�P�X�O�L�� �Z�H�U�H��

switched from the learning to the test stage.  In this condition participants viewed 

both H and CR faces intermixed in the learning stage.  At test, the external features 

of previously seen faces were switched.  That is, faces that were viewed with hair in 

the learning stage were now presented as a cropped face and vice versa.  The 

participants in this condition took part in H�ÆCR and CR�ÆH trials.  The total 

number of participants in this group was 36, which was equally divided by gender 

and race. 

�
�
�
�³�6�Z�L�W�F�K�1�R�+�D�L�U�´�� �U�H�I�H�U�V�� �W�R�� �W�K�H�� �H�[�S�H�U�L�P�H�Q�W�D�O�� �F�R�Q�G�L�W�L�R�Q�� �L�Q�� �Z�K�L�F�K�� �S�D�U�W�L�F�L�S�D�Q�W�V��

viewed both HS and CR faces in the learning stage.  As in the SwitchHair condition, 

the state of the external features was switched in the test stage.  Therefore, faces that 

were previously seen with a headscarf were now presented as a cropped face and 

vice versa.  A point of interest here is that none of the faces were presented with hair 

in either the learning or the test stage.  These stimuli are generically denoted by NH 

� �� �³�Q�R�� �K�D�L�U�´���� �7�K�H�� �S�D�U�W�L�F�L�S�D�Q�W�V�� �L�Q�� �W�K�L�V�� �F�R�Q�G�L�W�L�R�Q�� �W�R�R�N�� �S�D�U�W�� �L�Q�� �+�6�ÆCR and CR�ÆHS 

trials.  The total number of participants in this condition was 38 (10 South Asian 

males, 9 South Asian females, 9 White males, & 10 White females).   

4.2.4 Procedure 

The same procedure as the previous experimental chapter was used in the experiment 

reported in this chapter.  The only difference was that instead of viewing headscarf 

stimuli, in the SwitchHair condition, participants viewed cropped stimuli.  That is, 

the equivalent of the SwitchHeadscarf condition in the previous chapter is the 
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SwitchHair condition in this chapter (except that the headscarf stimuli exchanged for 

the cropped stimuli).  The SwitchNoHair condition is an extra manipulation that was 

not present it the previous chapter.  Participants in all three conditions followed the 

same procedure.  As with the experiment reported in the previous chapter, in order to 

prevent coincidental differences in recognisability of the faces producing a spurious 

difference in performance between, say, the H-H and CR-CR trials, a form of 

counterbalancing was employed. For this condition half of the participants would see 

half of the faces in the H form, with the other half being seen in the CR form. The 

other half of the participants would see the faces in their complementary forms. In 

this way each stimulus participant would be seen an equal number of times in each 

state. This procedure was used for all of the conditions reported here. 

4.3 Results 

4.3.1 Sensitivity 

The data produced for each participant were in the form of hits and false alarms for 

both of the types of trials that the participant took part in.  These were converted to 

the sensitivity score, �G�¶ (Green & Swets, 1966).  The mean and standard deviations 

are shown in Table 4.2.  Figure 4.2 shows the corresponding % correct scores for 

ease of comprehension, however the analysis was done on the �G�¶ scores not the % 

correct.   

Table 4.2 �± Mean ���G�¶�� and Standard Deviation for each of the separate trials. 
 Same SwitchHair SwitchNoHair 

Trial Type H-H CR-CR H-CR CR-H HS-CR CR-HS 

Mean (SD) 2.22 
(0.76) 

2.06 
(0.99) 

1.08 
(0.97)  

0.31 
(0.10) 

1.39 
(0.82) 

0.81 
(0.99) 
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Figure 4.2 �± Bars represent mean �G�¶  for each of the experimental trials in this 
chapter and in Chapter 3.  Data are collapsed across Race and Gender categories.  
Individual data points are shown on each of the bars.  Same (C4) refers to the two 
types of trial in the Same condition in this chapter.  Same (C3) refers to the two 
types of trial in the Same condition in Chapter 3.  SwitchH refers to the two types of 
trial in the SwitchHair in this chapter.  SwitchHS refers to the two types of trial in 
the SwitchHeadscarf condition in Chapter 3.  SwitchNH refers to the two types of 
trial in the SwitchNoHair condition in this chapter.  H-H refers to those trials in 
which participants viewed a face with Hair at learning and a face with Hair at test.  
CR-CR refers to Cropped at learning and Cropped at test.  H-CR refers to Hair at 
learning and Cropped at test.  CR-H refers to Cropped at learning and Hair at test.  
HS-CR refers to Headscarf at learning and Cropped at test.  CR-HS refers to 
Cropped at learning and Headscarf at test.  HS-HS refers to Headscarf at learning 
and Headscarf at test.  H-HS refers to Hair at learning and Headscarf at test.  HS-H 
refers to Headscarf at learning and Hair at test. 

4.3.1.1 Main Effects 

A four-way mixed ANOVA was conducted in which Gender of Observer (male or 

female) x Race of Observer (South Asian or White) x Condition (Same, SwitchHair, 

SwitchNoHair) were entered as between-subject variables and the within-subjects 

variable was entered as State of Stimuli at Test (External Features and No External 

Features).  Simply for the purpose of this analysis, in the SwitchNoHair experiment 

�W�K�H�� �³�+�6�� �D�W�� �W�H�V�W�´�� �W�U�L�D�O�V�� �Z�H�U�H�� �J�U�R�X�S�H�G�� �Z�L�W�K�� �(�[�W�H�U�Q�D�O�� �)�H�D�W�X�U�H�V�� �D�Q�G �³�&�5�� �D�W�� �W�H�V�W�´�� �W�U�L�D�O�V��

-3 
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-1 
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4 
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were grouped with No External Features. Main effects of State of Stimuli at Test (F 

����������������� �����������������S��� ����������������p²= 0.078) and Condition (F (2,101) = 44.485, p< 0.001, 

��p²= 0.468) were significant but as they were also involved in further interactions 

they will not be discussed separately.  There were no main effects of Race or 

Gender. 

4.3.1.2 State of Stimuli at Test x Condition Interaction  

�$���6�W�D�W�H���R�I���6�W�L�P�X�O�L���D�W���7�H�V�W���[���&�R�Q�G�L�W�L�R�Q���L�Q�W�H�U�D�F�W�L�R�Q�����)������������������� �����������������S��� ����������������p²= 

0.090) was observed.  To investigate this interaction further, three paired samples t-

tests were conducted which investigated the difference between the two types of 

stimuli within each condition.  The first of these three t-tests found that there was no 

significant difference between Hair and Cropped stimuli in the Same condition 

p>0.05.  Hence, there was similarity in the accuracy of performance between the 

Hair and Cropped stimuli when the state of the stimuli remained the same between 

the learning stage and the test stage.  The second of the t-tests investigated the 

SwitchHair condition and found that participants performed better when they viewed 

no hair (i.e. CR) at test (H�ÆCR) than when they viewed hair at test (CR�ÆH) (t (36) 

= 2.624, p = 0.013).  Thus, the addition of hair onto a previously viewed Cropped 

face resulted in poorer performance compared to the removal of hair from a face 

previously viewed with hair.  Finally, the t-test which investigated the SwitchNoHair 

condition found that participants performed significantly better when they viewed no 

hair (i.e. CR) at test (HS�ÆCR) than when they viewed a headscarf at test (CR�ÆHS) 

(t (38) = 3.777, p = 0.001).  Therefore, the addition of a headscarf onto a previously 

viewed cropped face led to a worsening of performance compared to the removal of 

a headscarf from a face previously viewed with a headscarf.  These differences are 

illustrated in Figure 4.3. 
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Figure 4.3 �± Interaction between State of Stimuli at Test and Condition (H refers to 
the trials in which hair was present at test & NH refers to the trials in which hair was 
not present at test (HS & CR)).  Error bars represent Standard Error. 

An alternative interpretation of this interaction examined the difference between 

each of the conditions separately for the two types of trial in each condition.  Hence, 

2 one-way ANOVAs were conducted.  The first, which examined No External 

Features stimuli was significant (F (2,110) =12.710, p < 0.001), so Bonferonni post-

hoc comparisons were conducted.  The comparisons showed that performance for 

those participants in the Same trials (CR�ÆCR) performance was significantly higher 

than those in the SwitchHair trials (H�ÆCR), p<0.001.  This finding was also 

replicated in the second one-way ANOVA which investigated the External Features 

stimuli (F (2,110) = 42.381, p< 0.001).  Bonferonni post hoc comparisons showed 

that participants in the Same trials (H�ÆH) performed significantly higher than those 

in the both SwitchHair and SwitchNoHair trials (CR�ÆH (p<0.001) & CR�ÆHS (p 

<0.001)).  No other effects were found. 
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4.3.1.3 Race x Condition Interaction 

A Race x Condition interaction also reached significance (F (2, 101) = 11.221, p< 

�������������� ��p²= 0.182).  To investigate this further, three independent t-tests were 

conducted to look at the difference between South Asian and White participants in 

each of the three conditions.  It was found that in the SwitchHair condition South 

Asian participants performed significantly better (difference in �G�¶ of 0.92) than the 

White participants (t (34) = 4.330, p < 0.001).  No such differences were found in 

any of the other conditions.  The breakdown of this is shown in Table 4.3. 
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Table 4.3 �± Mean �G�¶ and (SE) split by each of the ethno-gender categories. 
 Same SwitchHair SwitchNoHair 

H-H CR-CR H-CR CR-H HS-CR CR-HS 
South Asian male 2.33 

(.85) 
1.72 
(1.25) 

1.29 
(.90) 

.67 
 (1.02) 

1.00 
 (.79) 

.50  
(.92) 

White male 2.26 
(.65) 

2.09  
(.79) 

.52  
(.87) 

.05  
(.69) 

1.45 
 (.61) 

.79  
(.95) 

South Asian 
female 

1.87 
(.77) 

1.98 
(1.09) 

1.72 
(.87) 

1.27 
(1.04) 

1.39 
(1.09) 

.83 
(1.33) 

White female 2.47 
(.74) 

2.44  
(.75) 

.81  
(.92) 

-.11 
 (.99) 

1.74  
(.66) 

.11 
 (.79) 

 

4.3.2 Reaction Time 

In addition to the sensitivity data, participant reaction times were collected for the 

correct responses only.  Again, a four-way mixed ANOVA was conducted in which 

Gender (male or female) x Race (South Asian or White) x Condition (Same, 

SwitchHair, SwitchNoHair) were entered as between-subject variables and the 

within-subjects variable was entered as State of Stimuli at Test (External Features 

and No External Features).     

4.3.2.1 Main Effects 

The analysis revealed two main effects.  The first was a main effect of Race (F (1, 

���������� � �� ���������������� �S�� ���� �������������� ��p²= 0.115).  This showed that White participants took 

significantly longer to respond compared to South Asian participants, regardless of 

the Condition or their Gender.  The second main effect was Condition (F (2, 101) = 

�������������� �S�� � �� �������������� ��p²= 0.158).  No post-hoc analysis was done to investigate this 

further because Condition was also involved in other interactions which are 

discussed below.  No main effects of Gender were observed.     

4.3.2.2 State of Stimuli at Test x Condition Interaction 

A State of Stimuli at Test x Condition interaction reached the required significance 

�O�H�Y�H�O�� ���)�� ���������������� � �� �������������� �S�� � �� �������������� ��p²= 0.124).  To investigate this further, three 
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paired samples t-tests were conducted, each of them looking at the difference 

between the two types of trial within each condition.  Only the t-test looking at the 

Same condition reached the required level of significance (t (38) = 3.450, p = 0.001).  

This difference showed that participants responded significantly faster in trials H�ÆH 

compared to CR�ÆCR trials. 

To investigate this interaction further, 2 x one-way ANOVAs were conducted.  The 

first investigated the difference between No External Features at Test trials 

(CR�ÆCR, H�ÆCR, & HS�ÆCR), and the second investigated the difference between 

External Features at Test trials (H�ÆH, CR�ÆH, & CR�ÆHS).  The ANOVA which 

investigated External Features at test stimuli was significant (F (2, 112) = 13.347, p 

< 0.001).  Bonferonni post hoc comparisons showed that reaction times in the 

CR�ÆOH trial were significantly higher than in the H�ÆH trials (p < 0.001).  

Furthermore, Bonferonni post-hoc tests showed that reaction times in the CR�ÆOH 

trials were significantly higher than in the CR�ÆHS trials (p = 0.018).  The ANOVA 

which investigated No External Features at Test was marginally significant (F (2, 

112) = 3.102, p =0.049), but none of the post-hoc tests reached the required level of 

significance. 

4.4 Discussion 

4.4.1 Summary of Main Findings 

The findings from the previous experimental chapter were replicated in this one as it 

was found that participants in the Same condition did not perform differently when 

presented with faces with or without hair.  Furthermore, as in the Switch condition in 

the previous chapter, participants performed significantly worse in the SwitchHair 

condition than in the Same condition.  These findings are discussed in more detail 
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below and their implications on other research are considered.  In one of the 

conditions (SwitchHair) it was found that South Asian participants performed 

significantly better than White participants, thus, to some extent an Own Race Bias 

was also found.       

4.4.2 Same Condition 

It transpired that the presence of hair per se did not aid recognition (on measures of 

sensitivity).  Although it was found that participants performed significantly faster 

on H�ÆH trials compared to CR�ÆCR trials, the effect size was small and there was 

no evidence of a difference in reaction time in the experiment reported in the 

previous chapter.  When the stimuli were kept the same between learning and test, 

there was no significant difference in sensitivity between faces presented with and 

without hair.  This confirms the findings that were obtained in the previous chapter 

and this result is compatible with fMRI data from Betts and Wilson (2010) who 

found that there was no difference in activation of the fusiform face area (FFA) for 

whole faces compared to only internal features (face minus the hair). The fusiform 

face area (FFA) is thought to be an area of the brain which has some responsibility 

for the processing of faces (Kanwisher et al., 1997)���� �� �%�H�W�W�V�� �D�Q�G�� �:�L�O�V�R�Q�¶�V��(2010) 

result might imply that the FFA may process a face without hair in the same manner 

as a face with hair.  However, the results of the experiment reported in this chapter 

were somewhat different to those of Lewin and Herlitz (2002) who found that 

participants performed better when stimuli were presented with hair even when the 

stimuli were kept constant between learning and test.  One of the key differences 

between the experiment reported in this chapter and that of Lewin and Herlitz (2002) 

was that in this chapter the experiment employed a within-subjects design whereas 

Lewin and Herlitz (2002) used a between-subjects design.  It may be that, when 
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faces are learnt in a within-subjects design where each subject sees both whole faces 

and cropped faces intermixed, internal features play a dominant role because they are 

the only set of features which are present in all the different faces.  Thus, attention is 

generally more focused on the internal features.  In a between-subjects design this is 

not the case because the participants in the Hair condition would have more 

information to potentially use and hence would use the hair as a cue whilst the 

participants in the No Hair condition could not.  The same experiment was repeated 

using a between-subjects design (Chapter 7) and a small but statistically significant 

difference was found in the same direction as Lewin and Herlitz (2002). This 

illustrates that encoding mechanisms may differ somewhat depending on the type of 

design that is used. This study by Lewin and Herlitz (2002) appears to be the only 

pre-existing study which allows any �G�L�U�H�F�W���F�R�P�S�D�U�L�V�R�Q���W�R���E�H���P�D�G�H���E�H�W�Z�H�H�Q���W�K�H���³�+-

�+�¶�� �D�Q�G�� �³�&�5-�&�5�´�� �W�D�V�N�V���� �D�Q�G�� �H�P�S�O�R�\�H�G�� �U�D�W�K�H�U�� �G�L�I�Ierent stimulus conditions to the 

ones reported in this chapter. 

To understand the findings of the experiment reported in this chapter further, it is 

necessary to expl�R�U�H�� �Z�K�D�W�� �R�W�K�H�U�� �U�H�V�H�D�U�F�K�H�U�V�� �K�D�Y�H�� �X�V�H�G�� �D�V�� �³�R�Q�O�\�� �L�Q�W�H�U�Q�D�O�� �I�H�D�W�X�U�H�V�´������

Leder and Carbon (2005) presented participants with both individual features (eyes, 

nose, or mouth) and whole faces (with hair) during the learning stage of a 

recognition task. Then during the test stage participants were again presented with 

both individual features and with whole faces.  Participants performed better in the 

whole face condition than they did in the part face condition.  These findings support 

the whole-part superiority effect proposed by Tanaka & Farah (1993), who claim 

that parts of the face are recognised better in the context of the whole face rather than 

on their own.  However, the experiment reported in this experimental chapter did not 

find a whole-�S�D�U�W�� �V�X�S�H�U�L�R�U�L�W�\�� �H�I�I�H�F�W�� �S�U�H�V�X�P�D�E�O�\�� �E�H�F�D�X�V�H�� �W�K�H�� �³�F�U�R�S�S�H�G�´�� �V�W�L�P�X�O�L��
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included much more information than just the eyes, nose, or mouth used by the 

aforementioned work (Leder & Carbon, 2005; Tanaka & Farah, 1993). There are 

three different types of potential stimuli that can be used: whole faces (including 

hair), cropped faces, and individual internal features.  The comparison made by the 

other studies (Leder & Carbon, 2005; Tanaka & Farah, 1993) is of whole faces 

versus individual internal features whereas the experiment reported in this chapter 

compares whole faces with cropped faces.  Therefore, the findings of this 

experimental chapter confirm that although performance may not be optimal when 

internal features are presented individually, when they are presented in the context of 

the face along with the other internal features, then performance is the same as when 

they are presented in a face with hair.   

4.4.3 SwitchHair Condition  

It was also found that, when the stimuli were switched to or from hair between the 

learning and test stage, performance was lower compared to when they remained the 

same.  That is, when the faces were learnt with hair and then tested without hair, 

performance was lower than when they were tested with hair.  Again, these findings 

confirm those obtained in the previous experimental chapter and show that the 

difference between the Same and SwitchHair condition in the previous chapter was 

not due to the nature of the stimuli (i.e. headscarf faces), rather, when more standard 

stimuli were used (i.e. cropped faces), there was no difference in the results.   

Furthermore, these findings are in fact compatible with the evidence discussed 

previously (Ellis et al., 1979; Wright & Sladden, 2003) however, the explanation 

provided in this chapter of this effect is somewhat different.  Whereas those 

researchers attribute the drop in performance when hair is removed (H-CR worse 

than H-H and CR-H worse than H-H, respectively) to the loss of the information in 
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the external features, it is believed that the fact that the additional task condition CR-

CR is performed at the same level as H-H implicates the change between the state of 

the stimulus, rather than any putative additional information provided by the hair. In 

other words, the switch disrupts holistic processing. This result demonstrates that a 

number of other earlier results discussed above which had been taken to support the 

importance of external features are actually due to a change in stimulus between 

learning and test.  

Again, it may be useful to refer to results from fMRI face perception studies in an 

attempt to show that the findings of this experimental chapter are consonant with the 

workings of underlying physiological mechanisms.  Andrews et al. (2010) used an 

adaptation paradigm in which participants took part using four different types of 

image conditions.  They saw a sequence of pictures of faces with (1) same internal 

features/same external features, (2) same internal features /different external 

features, (3) different internal features/same external features, and (4) different 

internal features/different external features.  It was found that the same internal/same 

external condition elicited a lower activation in the FFA than in the other three 

conditions.  Therefore, along with Axelrod and Yovel (2010) and Betts and Wilson 

(2010), Andrews et al (2010) found that a change in either internal or external 

features causes a release in adaptation in the FFA.  This in turn may suggest that 

internal and external features are not independently represented in the FFA but 

rather, they are processed interactively and the face is represented holistically.  This 

would explain why, when external features of test images were changed, there was a 

release from adaptation.   During the recognition task of the experiment reported in 

this chapter, the change of external features between the learning and the test stage 

may have caused a disruption in performance due to faces being processed 
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holistically.  Therefore, if the parts of the face that are present at the time of learning 

are consistent with those parts presented at test, then hair is not required for optimal 

performance. However, in the case where the parts of the face at learning are 

inconsistent with the parts at test (e.g. CR �Æ H) then hair can have a detrimental 

effect on performance.  This explanation is also compatible with the encoding 

specificity principle (Tulving & Thomson, 1973) which states that cues at test will 

be most effective if they match those that were present at the time of learning.  In 

this way, in the work by Leder and Carbon (2005) participants took part in both 

Same and Switch conditions.  Leder and Carbon (2005) found that performance was 

better with full faces when full faces were learned and performance was better with 

part faces (eyes, nose, or mouth) when part faces were learned.  This results obtained 

in this experimental chapter support Leder and Carbon (2005) in showing that if the 

image at test is not compatible with the representation in memory, then performance 

suffers regardless of whether it is a whole face or individual features.   

Some other results can be predicted purely on the basis that a change in stimulus 

between learning and test impairs performance. For example, Patterson and 

Baddeley (1977) conducted recognition experiments where the state of hair and wigs 

in males was kept the same or switched between learning and test.  They found that 

participants performed significantly worse when a change was made either with hair, 

wig, or both from learning to test, compared to when there was no change. It is not 

just manipulation of hair that may cause a disruption in performance.  Buttle and 

East (2010) found that during a recognition task, when participants learnt a normal 

upright face (with hair) and then tested with either the same face, same face with 

half-covered in Maori tattoos, same face completely covered in Maori tattoos, or 

inverted face, the performance was significantly disrupted with the addition of 
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tattoos compared to the normal face.  Performance levels fell to the equivalent of the 

inverted face in the full tattoo condition, implying that holistic processing is 

disrupted to a similar extent by both manipulations (Bartlett & Searcy, 1993; Yin, 

1969). Similarly, Ueda and Koyama (2010) used a matching task to explore the 

effects of facial makeup.  They found that heavy facial makeup disrupted 

performance compared to the same face without makeup. In neither the work of 

Buttle and East (2010), nor of Ueda and Koyama (2010) is it possible to disentangle 

the effects of change of state from the effects of the state of the face as such, because 

the full set of comparison conditions was not performed.  Therefore, although the 

authors of these two papers attribute the fall in performance solely to the presence of 

the additional feature, it may simply have been due to the change in feature.    

Furthermore, this experimental chapter showed that in the trials where the state of 

stimuli was switched (with hair) the addition of hair from learning to test caused 

more disruption than the removal of hair to produce a cropped stimulus.  In the 

SwitchNoHair condition it was found that, again, the addition of a headscarf from 

learning to test caused more of a disruption than its removal.  Leder and Carbon 

(2005) provide one explanation for why the addition of features (hair or headscarf) 

would cause more disruption than their removal.  They propose the concept of 

holistic interference, in that the context of the whole face at test during Switch 

conditions interfered with the parts of the face which are represented in memory.  

Furthermore,  Murray (2004) propose that irrelevant information is automatically 

processed up to a semantic level and hence causes interference.  Therefore, the 

change between learning and test causes disruption because the holistic 

representation of the face is affected, and when the change involves the addition of 
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irrelevant information then more disruption occurs because it is difficult to ignore 

irrelevant information.   

4.4.4 SwitchNoHair Condition 

Broadly speaking, the results for this condition are similar to that of the SwitchHair 

condition, in that performance is worse than for the Same condition, presumably 

because again there is a change in state between the learning and test stage. 

However, although the difference between HS�ÆCR and CR�ÆCR did not achieve 

significance, it seems most likely that there is in fact a real difference between the 

two conditions, but that this difference is smaller than between the Same and 

SwitchHair conditions. A potential explanation for this might be that the headscarf 

images are somewhat less complex than the hair images, and therefore may not have 

provided participants with sufficiently rich information during learning, and so may 

not have been processed to the same extent.  Therefore, when a face with a headscarf 

is learnt, the headscarf is processed less compared to hair due to the reduction in 

information that it gives.  Hence, the holistic interference that actually occurs is less 

severe because the headscarf was processed very shallowly. 

4.4.5 Own Race Bias 

Although the experiments reported in this experimental chapter were not primarily 

concerned with investigating the Own Race Bias (ORB), some of the results reflect 

on this issue. Meissner and Brigham (2001) in their meta-analysis of the ORB report 

that the vast majority (88%) of samples used were either White or Black, with only a 

few studies employing other races. According to the Office for National Statistics 

(2001) people from a South Asian origin constitute 4.4% of the British population.  

However, it appears that only Walker and Hewstone (2006a, 2006b, 2008) have 

investigated the ORB using a South Asian population in the United Kingdom.  They 
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found that the ORB was present in White observers but not those from a South Asian 

background.  The experiment reported in this chapter has indirectly explored the 

same issue using a sample from the University of Bradford where the population of 

South Asian students is approximately 32.1% (University of Bradford, 2011).  

People of South Asian origin constitute 26.1% of the population of the city of 

Bradford (Office for National Statistics, 2001). On the investigation of the ORB an 

effect was only found in the SwitchHair condition.  In this condition South Asian 

participants performed significantly better than the White participants.  This result 

was not seen in either of the other two conditions.  It is proposed that hair may have 

been used as an indicator of race.  As shown from the previous findings, in the Same 

condition hair was not a contributing factor in performance and performance was 

relatively good. However, when the task became more difficult in the SwitchHair 

experiment, hair was available to use as an indicator of race and therefore it can be 

hypothesised that White participants perhaps more readily categorised the faces as 

the out-group causing a difference in performance.  This difference was not 

replicated in the SwitchNoHair experiment presumably because in support of Leder 

and Carbon (2005) although the irrelevant external features are automatically 

processed up to a semantic level, they are not as deeply processed as hair therefore 

the out-group categorisation does not occur.  Having said this, South Asian 

participants responded significantly faster than White participants, regardless of 

Gender and Condition.  This shows that there is some underlying process that may 

be disrupted, however, as the effect size was small and the effect was not seen in the 

previous experiment, it implies that this is a weak effect that is not always replicable.   
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4.4.6 Conclusions 

As with the previous experimental chapter, the findings of this one have shown that 

the importance of external features in face recognition varies depending on the task 

that is being performed.  For example, if the state of the stimuli remains constant 

between the learning and test stage (no change to external features), then regardless 

of whether the external features are hair or headscarf, there is no difference in 

performance depending on the presence or absence of hair.  However, due to the 

holistic nature of face processing, the manipulation of external features (as in the 

Switch condition in Chapter 3 or the SwitchHair and SwitchNoHair conditions in this 

chapter) can disrupt face recognition performance.  This provides an alternative 

explanation for the results obtained by researchers such as Lewin and Herlitz (2002), 

Wright and Sladden (2003), and Ellis et al. (1979). 
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Chapter 5 �± Eye-Tracking in a Yes/No Experiment 

5.1 Introduction  

The experiments in the previous two chapters have shown that during a yes/no 

recognition task the importance of the external features (hair or headscarf) varies 

depending on the task in hand.  Participants in the experiments reported in Chapters 

3 and 4 performed significantly worse when the state of the external features was 

switched (headscarf/hair or cropped/hair) compared to when it remained the same 

from the learning to the test stage.  Although this difference was seen when looking 

at behavioural measures such as �G�¶��score, the cause of this drop in performance 

between the learning and test stage is unclear.  The vast body of research that was 

discussed in Chapter 4 indicated that, during the Switch condition, the holistic 

processing mechanisms that were involved in the recognition of the faces were 

disrupted because the external features had been switched.  These holistic processing 

mechanisms remained undisrupted in the Same condition as there was consistency 

(no change in external features) between the learning and test stage.  The conclusions 

made so far have been inferred from behavioural experiments, however, to 

understand the nature of this effect further it may be helpful to explore other 

psychological methods.  Previous work has used neuroimaging methods such as 

fMRI to understand the nature of the different effects in the face perception literature 

(Andrews et al., 2010; Axelrod & Yovel, 2010; Betts & Wilson, 2010).  

Neuroimaging is a good method of investigation for researchers who are interested in 

exploring the regions of the brain and the role that they play in face perception.  Eye-

tracking is another method which is often used in conjunction with behavioural tasks 

in face perception literature, as it allows researchers to identify the features of the 

face which are important during the recognition process.  For this reason, the 
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experiment reported in this chapter explores the role of eye-movements during the 

same behavioural experiments as those in Chapter 3.  The tracking of eye-

movements during the task enabled the drop in performance between the Same and 

Switch condition to be explored further.  In addition to this, the difference in the 

movement of eyes was compared between the learning and test stage to understand 

how these movements are affected by the task demands.  In order to understand the 

literature on eye-movements and face perception this section will firstly focus on 

theoretical models which attempt to make a link between eye-movements, attention, 

and cognitive processing.  Then, studies will be discussed in which eye-movements 

have been tracked during a variety of different face perception and emotion detection 

tasks.  Following this, in an attempt to understand the holistic nature of face 

recognition that was discussed in Chapter 4, work is discussed in which the 

configural and featural processing of faces was explored using eye-tracking methods.  

Finally, and most specifically to the experiment reported in this chapter, past 

research which looks at eye-movements during a yes/no recognition task will be 

explored and this will be used to make predictions regarding the outcome of the 

experiment reported in this chapter. 

5.1.1 Eye Movements, Attention, and Cognitive Processing 

There is some evidence which claims that there is a link between direction of gaze 

and cognitive processing (Just & Carpenter, 1980).  Sekiguchi (2011) elaborates on 

�W�K�L�V�� �D�Q�G�� �V�S�H�F�L�I�L�H�V�� �W�K�D�W�� �³�H�\�H�� �P�R�Y�H�P�H�Q�W�V�� �D�U�H�� �D�� �E�H�K�D�Y�L�R�X�U�D�O�� �P�D�Q�L�I�H�V�W�D�W�L�R�Q�� �R�I�� �W�K�H��

�D�O�O�R�F�D�W�L�R�Q���R�I���D�W�W�H�Q�W�L�R�Q���W�R���D���Y�L�V�X�D�O���V�W�L�P�X�O�X�V�´�������7�K�H�U�H�I�R�U�H�����Lt may be possible to identify 

the parts of the face that are being processed by tracking eye-movements.  There are 

three main theories of attention that make the link between overt and covert attention 

in which covert attention refers to cognitive processes and overt is the location of eye 
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fixation.  The first explanation is provided by Klein (1980) who proposed that overt 

and covert attention occur independently of each other.  The second is provided by 

Henderson (1992) who stipulate that covert and overt attention work together but the 

lead is taken by covert attention.  Thus, the cognitive processes in the brain dictate 

where the location of the fixation will be, much like a top-down approach to 

attention.  The third explanation is provided by Rizzolatti, Riggio, Dascola, and 

Umilta (1987) who explain the two in terms of them both being products of  single 

motor system, and that covert attention is led by the overt attention system.  Thus, 

this is somewhat like a bottom-up approach to attention.     

5.1.2 Scan paths 

One of the earliest pieces of work that investigated the role of eye movements during 

face recognition was conducted by Yarbus (1967) who found that, when inspecting a 

face, the eyes, nose, and lips receive the most attention.  In relation to this, Norton 

and Stark (1971) proposed a concept known as the scan path hypothesis.  They 

suggested that, when a participant views a given stimulus in the learning phase (of a 

yes/no recognition task), they will follow a fixed path which is followed repeatedly.  

For example, for face stimulus this may be eyes to nose to mouth, eyes to nose to 

mouth, and so on.  Then, in the recognition phase, if the participant is given the same 

stimulus again, i.e. a face, then the first few eye movements will probably follow the 

same scan path.  In further work, Stark and Ellis (1981) �S�U�R�S�R�V�H���D���³�I�H�D�W�X�U�H���U�L�Q�J�´���D�V��

an internal representation of the stimulus.  Thus, in the example of faces, according 

�W�R�� �W�K�H�� �³�I�H�D�W�X�U�H�� �U�L�Q�J�´�� �H�[�S�O�D�Q�D�W�L�R�Q���� �D�� �I�D�F�H�� �L�V�� �V�W�R�U�H�G�� �D�V�� �D�� �O�R�R�S�� �Z�K�L�F�K�� �O�L�Q�N�V�� �W�K�H�� �H�\�H�V����

nose, and mouth (for example).  This loop differs for each face that is viewed based 

on second order relations (the distance between the different features of the face).  

�7�K�H�U�H�I�R�U�H�����L�Q���W�K�H���U�H�F�R�J�Q�L�W�L�R�Q���S�K�D�V�H�����³�I�H�D�W�X�U�H���U�L�Q�J�´���P�D�W�F�K�L�Q�J���R�F�F�X�U�V���E�H�W�Z�H�H�Q���W�K�H���U�L�Q�J��
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�W�K�D�W�� �L�V�� �I�R�U�P�H�G�� �I�U�R�P�� �W�K�H�� �L�P�D�J�H�� �S�U�H�V�H�Q�W�H�G�� �D�Q�G�� �W�K�H�� �³�I�H�D�W�X�U�H�� �U�L�Q�J�´�� �W�K�D�W�� �L�V�� �D�Y�D�L�O�D�E�O�H�� �L�Q��

memory.  

Evidence against feature rings comes from Groner, Walder, and Groner (1984) who 

found that motor signals (eye movements) cannot dictate memory representations 

because in instances in which face images are displayed tachistoscopicly, face 

recognition can still occur.  This refutes the claims made about feature rings because 

faces that are displayed tachistoscopicly do not allow for any movement of the eyes, 

thus, no feature rings would be formed.    Further evidence against the existence of 

feature rings is provided by Groner, Walder, and Groner (1982) who presented 

participants with a series of faces during the learning phase of a yes/no recognition 

task.  The faces in the learning stage were shown through a tube which only allowed 

for a foveal view of 2° of visual angle.  Then, at the test stage, participants were 

shown the pictures in a non-restricted manner (free viewing) or again in a restricted 

2° of visual angle.  They found that participants were equally bad at recognising the 

faces in the free viewing condition or the restricted foveal condition.  Another group 

of participants were presented with the same face images parafoveally with a 10° of 

visual angle eccentricity.  In this second condition, participants were not able to 

move their eyes.  Groner et al. (1982) found that participants in the 10° of visual 

angle eccentricity group performed significantly better than those in the two groups 

that learnt the stimuli with a foveal view of 2° of visual angle.  This showed that 

artificially manufactured feature rings (feature rings which are produced in an 

experimental setting by directing eye movements rather than allowing a participant 

to freely fixate and produce them naturally) are not sufficient to form representations 

in memory because, when these artificially manufactured feature rings were 

produced in the two groups that learnt the stimuli with a foveal view of 2° of visual 
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angle, performance was worse than when no rings were produced in the condition in 

which participants learnt faces parafoveally with a 10° of visual angle eccentricity.  

However, it can be argued that these artificially produced feature rings are not 

representative of the actual rings that may be produced under normal viewing 

conditions because they did not provide the viewer with information from the 

periphery.  It may be that normal feature rings are produced as a result of 

information from foveal and peripheral vision.  Furthermore, Groner et al. (1984) 

make a distinction between local and global scan paths.  Groner et al. (1984) 

highlight that Stark and Ellis (1981) use what is defined by Groner et al. (1984) as 

�O�R�F�D�O���V�F�D�Q���S�D�W�K�V�����W�K�D�W���L�V�����O�R�F�D�O���V�F�D�Q���S�D�W�K�V���³�U�H�I�O�H�F�W���W�K�H���V�S�D�W�L�R-temporal organization of 

�W�K�H�� �I�L�[�D�W�L�R�Q�V�� �R�Q�� �D�� �O�R�F�D�O�� �V�F�D�O�H�� �R�I�� �V�X�F�F�H�V�V�L�Y�H�� �H�Y�H�Q�W�V�´���� ��Groner et al. (1984) propose 

�J�O�R�E�D�O�� �V�F�D�Q�� �S�D�W�K�V�� �Z�K�L�F�K�� �W�K�H�\�� �V�W�D�W�H�� �³�U�H�I�O�H�F�W�� �W�K�H�� �G�L�V�W�U�L�E�X�W�L�R�Q�� �R�I�� �H�\�H�� �I�L�[�D�W�L�R�Q�V�� �Z�K�H�Q��

�W�D�N�L�Q�J�� �L�Q�W�R�� �D�F�F�R�X�Q�W�� �W�K�H�� �H�Q�W�L�U�H�� �L�Q�V�S�H�F�W�L�R�Q�� �S�U�R�F�H�V�V�´���� �� �7�K�X�V���� �W�K�H�� �G�L�I�I�H�U�H�Q�F�H�� �E�H�W�Z�Hen 

local and global scan paths is that local scan paths employ a bottom-up approach 

whereby a person makes fixations which feed into the mental representations in 

memory, whereas, a global scan paths employ a top-down approach in which mental 

representatio�Q�V���S�U�R�G�X�F�H���L�Q���P�H�P�R�U�\���³�V�H�D�U�F�K���S�O�D�Q�V�´���Z�K�L�F�K���G�L�F�W�D�W�H���W�K�H���V�F�D�Q���S�D�W�K�V���� 

5.1.3 Eye-Tracking in Face Perception Research 

One of the earliest studies which investigated the regions of the face that are 

important for successful processing was conducted by Janik, Wellens, Goldberg, and 

Dellosso (1978).  They presented participants with 8 colour and black and white 

photographs of faces for 15 seconds each.  The faces either displayed a positive or a 

negative emotion.  Participants were asked to form an impression of the face they 

saw in front of them.  The researchers found that 43.4% of the total time was spent 

looking at the eyes and 12.6% of the total time was spent looking at the mouth 
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region.  They also found that relatively less time was spent looking at the nose, ears, 

hair, and shoulders.  A drawback about this research study was the confounding bias 

that existed in the processing of emotions.  Anecdotally, it seems that the majority of 

the universal emotions put forward by Ekman (1971) include changes in the eye 

region.  Therefore, in this specific piece of work (Janik et al., 1978), the eye region 

would naturally be sampled more due to the processing of emotions.   In a similar 

study, Althoff and Cohen (1999) investigated the judgement of emotions.  They 

presented participants with pictures of famous and non-famous faces in which they 

were required to make judgements about familiarity and emotions.  Althoff and 

Cohen (1999) found that 88% of fixations were made upon the internal features of a 

face regardless of whether the face was a famous person or not.  This shows that, 

when processing faces, internal features are fixated upon more compared to external 

features.  Although work looking at facial emotions is important because natural 

faces contain many different emotions, it provides us with different information to 

that which is given by research looking at facial identity.  For this reason, the 

evidence discussed after this point looks mainly at identification of faces rather than 

the perception of emotions. 

Stacey et al. (2005) investigated eye movements and the relationship between 

internal and external features in familiar and unfamiliar faces.  They conducted a 

series of experiments which investigated the role of eye movements during, not only 

a face familiarity task but, two other face perception tasks.  Firstly, they investigated 

a face familiarity task, then a yes/no recognition task (discussed later), and finally a 

face matching task.  The aim of all the experiments was to establish whether the 

apparent difference in the relative importance of internal and external features 

demonstrated by Ellis et al. (1979) and Young et al. (1985) for the processing of 
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familiar and unfamiliar faces could be supported by direction of gaze.  The first 

experiment used a familiarity task in which participants were presented with 20 

familiar and 20 unfamiliar faces and they were required to state whether a given face 

was familiar or not.  Stacey et al. (2005) found that there was no difference between 

familiar and unfamiliar faces in terms of the proportion of fixations and the 

proportion of time spent looking at the internal features.  From this they concluded 

that there was no difference in the eye movements when processing familiar and 

unfamiliar faces.  Therefore, internal features were no more important than external 

features in the recognition of familiar faces (in terms of direction of gaze), as 

demonstrated by Ellis et al. (1979) on behavioural measures.  One of the reasons 

given by Stacey et al. (2005) for this lack of difference was that their task was not 

the same as those which were used by Ellis et al. (1979) and Young et al. (1985) who 

used a yes/no recognition task and a matching task, respectively.  Therefore, in their 

third experiment (the second experiment is discussed in the next section), Stacey et 

al. (2005) used a matching task such as that which was used by Young et al. (1985).  

Participants were presented with 40 pairs of faces which were divided into four 

types.  The pairs of faces were familiar and unfamiliar and were split into same and 

different pairs.  The same face pairs were two faces in a different pose (e.g. one face 

in a frontal pose and the other in a pose which was somewhere between frontal and 

three quarter).  The different face pairs were two difference faces again in a frontal 

and a somewhere in between frontal and three quarter pose.  As with all matching 

type experiments, the task was to decide if the two faces were the same person.  

�3�D�U�W�L�F�L�S�D�Q�W�V�¶�� �H�\�H�� �P�R�Y�H�P�H�Q�W�V�� �Z�H�U�H�� �U�H�F�R�U�G�H�G�� �G�X�U�L�Q�J�� �D�O�O�� �W�D�V�N�V���� �� �7�K�L�V�� �W�L�P�H���� �W�K�H�� �U�H�V�X�O�W��

supported the previous work by Young et al. (1985) and found that participants spent 

proportionately more time, and made proportionately more fixations, on the internal 



151 
 

features of familiar faces compared to unfamiliar faces.  This provided further 

evidence that internal features are more important in the processing of familiar faces 

than they are in unfamiliar faces.  This is not to say that internal features are not 

important in the processing of unfamiliar faces, rather, Stacey et al. (2005) found that 

in all their experiments 91% of fixations were observed on the internal features of 

the face regardless of familiarity. 

Research which looks at eye-movements during recognition is not limited to the 

study of adults, in fact, infants as young as four months old have taken part in face 

perception tasks.  Gallay, Baudouin, Durand, Lemoine, and Lecuyer (2006) found 

that, for upright faces, four month old infants spent more time looking at the internal 

features compared to external features.  However, when the faces were inverted, the 

infants spent half their time looking at external features.  This work is relevant 

because it provides evidence that even as young as four month old infants were able 

to invoke different eye movements depending on the orientation of the face.  

Furthermore, this supports work that provides evidence that upright and inverted 

faces invoke differential eye movements (Barton, Radcliffe, Cherkasova, Edelman, 

& Intriligator, 2006).   More specific to the experiments presented in this thesis, 

Kelly et al. (2011) used a yes/no recognition task to look at eye movements in 

children.  They presented East Asian (Chinese) and White British children aged 7-8 

years, 9-10 years, and 11-12 years with East Asian and White British adult faces.  

Each face in both learning and test stage was preceded with a central fixation cross, 

and the learning time was 5 seconds.  One of the main findings was that White 

British children directed fixations towards the eye and mouth region whereas East 

Asian children directed their fixations predominantly to the nose (as shown in Figure 

5.1).   
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Figure 5.1 �± Fixation map taken from Kelly et al. (2011).  Red indicates Western 
Caucasian bias and Blue indicates East Asian bias. 

This demonstrates a potential difference in the way in which participants from 

different cultures process faces.  Most importantly, they found that, regardless of age 

and ethnicity, participants almost always fixated on the internal features of a face 

more than the external features.  Kelly et al. (2011) found that although the children 

�G�L�G�� �Q�R�W�� �I�L�[�D�W�H�� �X�S�R�Q�� �W�K�H�� �H�[�W�H�U�Q�D�O�� �I�H�D�W�X�U�H�V�� �W�K�H�\�� �S�U�R�F�H�V�V�H�G�� �W�K�H�P�� �X�V�L�Q�J�� �³�H�[�W�U�D-�I�R�Y�H�D�O�´��

vision.  Their results were replicated by Sekiguchi (2011) who found that during a 

yes/no recognition task participants predominantly fixated on internal features 

(mainly eyes, nose, & mouth) with only a small fraction of fixations falling on the 

hair.  In the research by Kelly et al. (2011) and Sekiguchi (2011) all the trials 

involved participants viewing stimuli presented with hair.   

5.1.4 Eye-Tracking and its Relationship with Configural and Featural 

Processing 

A popular phenomenon in face perception literature is the Face Inversion Effect 

(FIE).  Barton et al. (2006) investigated the effect of familiarity and inversion of 

faces on fixations during a face perception task.  The researchers created morphed 

versions of two similar faces, e.g. a novel male face morphs into another novel male 
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face.  The faces were male and female, and, famous and novel. Furthermore, the 

faces were presented to participants in an upright manner and an inverted manner.  In 

each trial participants were shown a face, and their task was to state whether the face 

was famous or novel.  Following this, participants were shown an array of 8 faces 

and they were required to decide which of the faces matched the face they had 

previously seen.  Barton et al. (2006) found that participants made significantly more 

fixations to novel faces than they did to famous faces.  This seems logical because 

famous faces are easier to recognise than unfamiliar faces (Johnston & Edmonds, 

2009), thus, fewer fixations would be required before a decision is reached.  They 

also found that inverted faces required more fixations than upright faces.  Again, this 

was expected given the relative difficulty of recognising inverted faces compared to 

upright faces (Yin, 1969).  Barton et al. (2006) also found that there were more 

fixations to eyes and nose regions compared to the other regions (mouth, eyebrows, 

chin, & cheeks).  Finally, they found that there were more fixations to the eye and 

nose regions for novel faces compared to famous faces.  The work by Barton et al. 

(2006) is important because it provides evidence that upright and inverted faces 

invoke different eye movements and also that the distinction between familiar and 

unfamiliar faces is not only a cognitive distinction, but is also reflected in motor 

movements.  Furthermore, it gives an indication that a disruption in the holistic 

processing mechanisms of face perception is reflected in eye movements.   

Further evidence for the existence of different scanning mechanisms for different 

types of face processing strategies comes from Bombari, Mast, and Lobmaier (2009) 

who investigated the role of eye movements during face perception tasks that 

involved featural and configural processing.  The researchers presented participants 

with either a scrambled face or a blurred face as a cue. Following this, participants 
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were presented with an intact face and were required to decide if the face was the 

same or different to the one previously seen.  Eye movements were tracked during 

the learning and the test stage, however, in the test stage only the fixations to 

previously seen faces were measured (target faces).  In doing this, the researchers 

were able to be confident that, if there was a difference in eye movements, it was due 

to the difference in the cued stimuli.  They found that, when participants viewed a 

scrambled face as a cue, they employed a more local processing mechanism, where 

they spent more time fixating on individual features compared to when they were 

cued by a blurred face, in which case they employed a more global strategy in which 

they made more saccades between different features of the face.  In short, when cued 

with a blurred face, participants made shorter but more fixations upon different 

features, compared to when they were cued by a scrambled face, when they made 

fewer but longer fixations (these results are demonstrated in Figure 5.2).   

 
Figure 5.2 �± taken from Bombari et al. (2009).  Left: mean number of inter-featural 
saccades for each of two cue-types during the test stage of the task.   Right: mean 
gaze duration (ms) within the same feature during the test stage. 

In addition to this, in the second experiment, Bombari et al. (2009) also used a 

control condition in which participants were cued with an intact face along with an 

easier version of the blurred and scrambled face, in which the blurred faces were less 

blurred and the scrambled faces were less scrambled.  Again, they found that 
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compared to faces that were blurred when cued, participants made fewer inter-

featural saccades when cued with an intact face and they also found that compared to 

scrambled faces, participants made shorter fixations to individual features when cued 

with an intact face.  Together, these results demonstrate that an intact face is 

somewhat of an intermediate between the blurred and scrambled face, thus, this 

shows that the eye movements involved in normal face perception employ both 

featural and configural mechanisms, as blurring disrupts featural processing and 

scrambling disrupts configural processing. An alternative explanation may be that 

the work supports the concept of feature rings (Stark & Ellis, 1981), hence, the 

scanning strategies employed at the time of learning were replicated at the time of 

recollection.   

Williams and Henderson (2007) investigated the role of eye movements in the FIE.  

They used a standard yes/no recognition task in which they presented participants 

with 20 faces during the learning stage.  Then, after a two minute distracter task, 

participants were presented with 40 faces, half of which were presented inverted 

(upside down), and the task was to decide which faces had been previously seen. Eye 

movement data, accuracy, and reaction time were recorded.  Williams and 

Henderson (2007) successfully replicated the FIE and found that inverted faces were 

more difficult to recognise than upright faces.  However, they did not find a 

difference in the location of fixations when participants recognised upright and 

inverted faces.  That is, the same features of the face (eyes, nose, mouth, etc) were 

used in the recognition of upright and inverted faces.  This was quantified in terms of 

the proportion of time spent and proportion of fixations on specific face regions.  

This is shown in Figure 5.3.   
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Figure 5.3 �± Taken from Williams and Henderson (2007) which shows the 
proportion of time spent on each of the individual face features for both upright and 
inverted faces. 

This provides evidence that the FIE may not be influenced by eye movements 

because the same features were used to recognise upright and inverted faces.   

5.1.5 Eye-Tracking in a Yes/No Recognition Task 

Most of the work discussed up to this point has looked at face perception research 

which has used methods other than the yes/no recognition paradigm.  As shown in 

the previous chapters, face perception mechanisms vary depending on the type of 

task that is being conducted.  Due to this variability in face recognition abilities 

depending on the task, the following section looks at studies which employ a yes/no 

recognition task as opposed to the other types of tasks which have been discussed in 

the previous few paragraphs.  Heisz and Shore (2008) used an adapted version of the 

yes/no recognition task to investigate how familiarity of a face affects eye 

movements during recall and recognition aspects of a given task.  All participants in 

the study by Heisz and Shore (2008) were White females, as were the stimuli, 
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therefore, no race or gender effects were investigated.  The experiment was 

conducted over four different days and the participants were required to attend on all 

four days.  On day 1, participants were shown 10 faces with names and asked to 

learn them.  This was followed immediately by a recall task in which they were 

presented with the same 10 faces and they were required to name them.  Eye 

movements were taken during the recall task.  Then on day 2, participants were 

�J�L�Y�H�Q���D���U�H�F�D�O�O���W�H�V�W���I�U�R�P���W�K�H���S�U�H�Y�L�R�X�V���G�D�\�¶�V���I�D�F�H�V���D�Q�G���W�K�H�Q���Z�H�U�H���V�K�R�Z�Q���������Q�H�Z���I�D�F�H�V��

with names that they were required to learn.  This, again, was followed immediately 

by a recall test in which they were required to put a name to the face, for 20 faces (10 

from day 1 & 10 from day 2).  On day 3, participants were given a recall test with 20 

faces (10 from day 1 & 10 from day 2), which was followed by a learning stage of 

10 new faces with names.  Again, immediately after the learning stage, participants 

were given a recall test in which they were shown 30 faces (10 from day 1, 10 from 

day 2 & 10 from day 3), and asked to name them.  To recap, on each of the three 

days, participants were given 10 new faces with names to learn and then asked to 

recall the names of all of the faces learnt so far, including those from previous days.  

Furthermore, before new faces could be learnt on any given day, the faces from 

previous days were tested.  Finally, on day 4, participants were shown 60 faces, 30 

that were previously learnt over the last three days and 30 that were new.  

Participants simply had to indicate if they had previously seen the face.  Again, eye 

movements were monitored during the recognition task.  Analysis was conducted on 

the first 1 second of the eye movements during the recognition task and the first 2 

seconds of eye movements during the recall tasks.  The results from Heisz and Shore 

(2008) showed that, during the recognition task on day 4, participant performance 

accuracy increased as familiarity increased (faces from day 1 were the most familiar 
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and faces from day 4 were least familiar). This is consistent with previous 

behavioural work which shows that familiar faces are more accurately recognised 

than unfamiliar faces.  Furthermore, they found that in the recognition task, 

participants looked most often and longest at the eyes or the eye region.  They also 

found that the mean fixation count decreased with accuracy.  That is, as the faces 

became more familiar, the mean number of fixations within the first two seconds of 

the recall task decreased, presumably because the face became easier to recognise, 

thus, participants were responding faster.  More specifically, they found that as 

exposure increased, participants spent proportionally more time looking at the eyes 

and proportionally less time looking at the other face regions.  This indicates that the 

eyes play an important role in establishing the familiarity of a given face, maybe 

because they provide more clues about the identity of a given face.  In summary, 

Heisz and Shore (2008) found that, when faces were unfamiliar, the whole face was 

sampled, however, as the face became more familiar sampling was confined to the 

eyes and the eye region.  This fits into the broader debate around whether faces are 

processed holistically or in a featural manner.  Heisz and Shore (2008) claim that 

unfamiliar faces are processed more holistically because more face regions are 

sampled, whereas familiar faces are processed more on a part-based manner because 

fixations are mainly directed towards the eyes.  

Another experiment which used the yes/no recognition paradigm was conducted by 

Henderson, Williams, and Falk (2005) who investigated the role of eye movements 

during the learning stage of a yes/no recognition task.  A within-subjects design was 

used in which participants took part in both conditions of the experiment.  During the 

learning stage participants viewed 20 faces, half of which were viewed in a restricted 

viewing condition and the other half which were viewed in a free viewing condition.  
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In the restricted viewing condition, participants were required to fixate on the centre 

of the face for the duration of the trial.  If a saccade was made away from the centre 

fixation point, the face disappeared from the screen until the participant re-fixated on 

the centre.  The viewing of the 20 faces was followed by 5 natural scenes, which 

were used as a distracter task.  Then, in the test stage, they viewed 40 faces, all of 

which were viewed freely without restriction.  As always, the task was to decide 

which of the faces had been previously seen.  All stimuli that were used in both 

learning and test stage included hair which was styled in a uniform manner (tied 

back).  Henderson et al. (2005) found that, in the trials in which participants were 

restricted during the learning stage, they performed significantly worse than if they 

were able to freely learn the faces.  This demonstrated that eye movements were 

important in the learning stage of a yes/no recognition, or maybe more generically, 

�Z�K�H�Q���K�X�P�D�Q�V���O�H�D�U�Q���D���I�D�F�H�������7�K�H�\���H�[�S�O�D�L�Q�H�G���W�K�L�V���U�H�V�X�O�W���L�Q���W�H�U�P�V���R�I���³�I�R�Y�H�D�O���D�Q�D�O�\�V�L�V�´����

in which these researchers claim that, during the free viewing trials, participants 

were able to process the second-order relational properties that are required for 

successful holistic processing.  Therefore, when holistic processing is disrupted, 

performance decreases, yet is still significantly above chance.    Furthermore, they 

found that the proportion of time that participants spent fixating on the eyes and nose 

increased from learning to test, whereas, the proportion of time spent fixating on the 

ears, chin, and the forehead region decreased from learning to test.  Although it was 

not specifically defined by the researchers, it seems that there is a shift towards the 

internal features from learning to test.  Thus, it may be that internal features are 

relatively more important during the recognition of faces compared to the learning of 

faces.  Having said this, fixations were predominantly on internal features, regardless 

of whether it was during the learning stage or the test stage.       
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Probably the most relevant piece of work for the experiment reported in this chapter 

was conducted by Stacey et al. (2005), in their 2nd experiment.  They used a yes/no 

recognition paradigm to investigate the role of eye movements and how they differed 

between the learning stage and the test stage.  Participants were presented with 10 

familiar and 10 unfamiliar faces during the learning stage.  Then, after a two minute 

break, they were presented with 20 familiar and 20 unfamiliar faces and were asked 

to decide which faces they had previously seen.  The faces were presented for 5 

seconds in both the learning stage and the test stage, during which time eye 

movements were measured.  During the test stage, analysis was only conducted on 

participant eye movements for the target faces and not the distracters.  The target 

face was that face which was previously shown in the learning stage.  To enable a 

comparison to be made with the experiments previously reported in this thesis, the 

experiment reported Stacey et al. (2005) can be thought of as the Same condition in 

which participants viewed faces that were presented with hair in both the learning 

stage and the test stage.  Stacey et al. (2005) found that during the learning stage 

there was no difference in the proportion of fixations or the proportion of time spent 

on internal features between familiar and unfamiliar faces.  This does not support 

work by Ellis et al. (1979) who found internal features to be more important in the 

processing of familiar faces.  In short, experiment two in Stacey et al. (2005) failed 

to support the internal feature advantage of familiar faces (using eye movement data) 

that was found by Ellis et al. (1979) (using sensitivity data) during a yes/no 

recognition task.  However, in experiment three, Stacey et al. (2005) (using eye 

movement data) were able to replicate the internal feature advantage shown by 

Young et al. (1985) (using sensitivity data) during a matching task.  Therefore, it can 

be implied that there is a difference in movements based on the task demands.  
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Furthermore, Stacey et al. (2005) found that during the yes/no recognition task, 

sampling of the internal features significantly increased from 82% in the learning 

stage to 93% in the test stage.  Again, this emphasises that notion that eye 

movements depend on the task in hand.  The task at learning is to learn the faces, 

whereas the task at test is to recognise the faces.  Presumably, two distinct attention 

processes are involved in the two different stages of the task.  This is supported by 

evidence from Eriksen and Yeh (1985) who found that, when a task involves a high 

cognitive load, �W�K�H���D�W�W�H�Q�W�L�R�Q���³�V�S�R�W�O�L�J�K�W�´���L�V���P�R�U�H���I�R�F�X�V�H�G, compared to when there is a 

lower cognitive load, �Z�K�H�Q�� �W�K�H�� �D�W�W�H�Q�W�L�R�Q�� �³�V�S�R�W�O�L�J�K�W�´��is broader.  Thus, during the 

learning stage of the yes/no task of Stacey et al. (2005), the task is easier, therefore 

the attention spotlight would be broad enough to include the external features, 

whereas, during the test stage the task is more difficult, thus, there is a narrower 

attention spotlight which excludes the external features. This may explain why there 

is an increase in the proportion of fixations on internal features from learning to test.  

The predictions that can be made from this work for the experiment reported in this 

chapter are that during the Switch condition there is an increased attention load 

compared to the Same condition (in the test stage), therefore there will be fewer 

fixations on the internal features at test for Same trials compared to Switch trials.  

Furthermore, consistent with the results of Stacey et al. (2005), it is expected that the 

proportion of fixations on internal features will increase from learning to test due to 

the increase in attention load.  Having said this, there are some differences between 

the previous work and the experiment reported in this chapter. One of the main 

differences is the type of trial that was used which is shown in Table 5.1. 
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Table 5.1 �± Different types of trials in previous research. 
Study Type of Stimuli in the 

Learning Stage 
Type of Stimuli in the 
Test Stage 

Heisz and Shore (2008) Only Internal Features Only Internal Features 
Henderson et al. (2005) Full Face with Hair Full Face with Hair 
Stacey et al. (2005) Full Face with Hair Full Face with Hair 
Williams and Henderson 
(2007) 

Full Face with Hair Full Face with Hair 

 

The trials that were used in the experiment reported in this chapter are shown in 

Table 5.2.  

Table 5.2 �± Different types of trials in each of the condition for the experiments 
reported in this chapter. 
Condition Type of Stimuli in the 

Learning Stage 
Type of Stimuli in the 
Test Stage 

Same Face with Hair (H) Face with Hair (H) 
Face with Headscarf (HS) Face with Headscarf (HS) 

Switch Face with Hair (H) Face with Headscarf (HS) 
Face with Headscarf (HS) Face with Hair (H) 

 

It should be noted that, in Table 5.2 the two trials at the top of the table were grouped 

together in one condition (Same) and the trials at the bottom of the table were 

grouped together in the second condition (Switch).  By using different types of 

experimental trial (H-H, HS-HS, H-HS, and HS-H) the interpretations of the 

experimental findings may be more valid as they encompass a variety of different 

conditions, as opposed to previous research (Table 5.1) which has used some, but not 

all, of the types of experimental trial together, thus, the conclusions that were made 

were from a more diverse data set. Again, the same combination of trial-types has 

not been reported in other eye-tracking experimental work.  A second difference 

between the experiment reported in this chapter and other work (Stacey et al., 2005) 

is that, after each picture was shown, participants fixated on the centre of the screen.  

This may have created a confound in the result, because any fixations that were 
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made were already biased towards the internal features.  The experiment reported in 

this chapter did not include a central fixation point after each face, rather, a central 

fixation point was used at the beginning of the learning stage and, again, at the 

beginning of the test stage.  Another difference is that, only unfamiliar faces were 

used in the experiment reported in this chapter rather than both familiar and 

unfamiliar.  As shown in the previous experimental chapters, some effects in the face 

recognition literature are sensitive to changes in experimental design.  Therefore, it 

may be that any effect that is being found by Stacey et al. (2005) is the result of a 

blanket processing mechanism that is used for familiar and unfamiliar faces because 

both types of face are being seen by the same participant and, indeed, if familiar and 

unfamiliar faces were tested separately, then different mechanisms may be 

employed.  Finally, the regions which have been defined by Stacey et al. (2005) as 

internal and external features differ compared to how they are defined in the 

experiments reported in this thesis.  Stacey et al. (2005) define internal features as 

eyes, nose, and mouth (as shown in Figure 5.4).   
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Figure 5.4 �± The internal and external region of the face as used in the experiment by 
Stacey et al. (2005). 

There is a wide variation in the definitions of internal and external features, yet it is 

still rather striking that they have not included the cheeks as internal features.  In the 

experiments reported by Stacey et al. (2005), the internal features account for 

approximately 30% of the total face area, whereas the external features account for 

approximately 70%.  This differs vastly from the experiment reported in this chapter 

in which the internal features include everything inside of the hairline (as shown in 

Figure 5.5) and account for approximately 56% of total face area whereas the 

external features account for approximately 44%.  

 

 

Figure 5.4 �± The internal and external regions of the face as used in all experiment 
reported in this thesis.    

Internal Region 

External Region 
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5.2 Methods 

5.2.1 Participants 

A total of 41 participants took part in this experiment (mean age = 22.90 years, SD = 

3.93).  There were 10 South Asian males (mean age = 22.40 years, SD= 7.09), 11 

South Asian females (mean age = 20.73, SD= 1.27), 10 White males (mean age = 

24.90, SD= 5.45), and 10 White females (mean age = 23.80, SD = 4.24).  All 

participants had normal or corrected-to-normal vision.   

5.2.2 Stimuli  

The stimuli used in this experiment were the same as previous experiments.  Half of 

the stimuli that were used showed South Asian females wearing a headscarf and the 

other half of the stimuli presented South Asian females with their natural hair.  The 

images were 582 pixels (15.5cm) x 436 pixels (11.5cm) and the viewing distance 

was kept constant at 60cm.  Thus, the mean visual angles were 10.94° horizontal and 

14.72° vertical.  The stimuli were displayed using MATLAB Version 7.6.0 

5.2.3 Apparatus 

The stimuli were presented on a Mitsubishi Diamond Pro 2070SB monitor with 1024 

pixels x 768 pixels and a screen refresh rate of 60Hz.  A Cambridge Research 

Systems (CRS) eye tracker was used (sampling frequency = 50Hz, resolution = 0.1° 

and, accuracy <0.5°).  The CRS eye tracker was controlled by the Video Eye Tracker 

MATLAB Toolbox Version 1.26 which was integrated with CRS ViSaGe.  A new 

fixation was defined when the displacement between the point of the current fixation 

and a new location was  0.5° of visual angle for a minimum time of 100ms.  The 

CRS Video Eyetracker is non-invasive and works by measuring reflections from the 

cornea which is the front clear part of the eye.  Sometimes, under low lighting 
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conditions, it may be possible to see a reflection of a bright light source (e.g. a 

computer screen) on the cornea �Z�K�L�F�K���L�V���N�Q�R�Z�Q���D�V���W�K�H���³�I�L�U�V�W���3�X�U�N�L�Q�M�H�� �,�P�D�J�H�´�������7�K�H��

eye tracker works by projecting two rays of infrared radiation onto the surface of the 

cornea, and the rotation of the eye allows calculations to be made based on the 

change in the reflection of the infrared radiation from the cornea.  As the location of 

the infrared light source always remains consistent, when a participant moves their 

eye, the location of the first Purkinje Images changes and so there is a change in the 

location on the eye from which the infrared light is reflected.  That is, infrared light 

is projected from a source above t�K�H���S�D�U�W�L�F�L�S�D�Q�W�¶�V���H�\�H�� ���D�V���V�K�R�Z�Q���)igure 5.6) onto a 

�W�U�D�Q�V�S�D�U�H�Q�W�� �S�O�D�V�W�L�F�� �V�X�U�I�D�F�H���� �7�K�H�Q�� �L�W�� �L�V�� �U�H�I�O�H�F�W�H�G�� �I�U�R�P�� �W�K�H�� �V�X�U�I�D�F�H�� �W�R�� �W�K�H�� �S�D�U�W�L�F�L�S�D�Q�W�¶�V��

cornea and reflected back to the plastic surface up to a video camera which is located 

near the original source of the infrared radiation. 

 

Figure 5.6 �± Illustration of how the eye tracker was set-up.  Taken from Cambridge 
Research Systems User Guide. 

5.2.4 Design 

As with the experiment in Chapter 2, a mixed-subjects design was employed in 

which the between-subjects variables were Gender (male or female), Race (South 

IR Source and Video Camera 

Transparent plastic 
from which upon 
which IR light is 
reflected 
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Asian or White), and Condition (Same* or SwitchHair**).  The within-subjects 

variable was State of Stimuli at Test (Hair or No Hair).  Participants only took part in 

one of the two conditions.  This is shown in Table 5.2. 

�
�³�6�D�P�H�´�� �U�H�I�H�U�V�� �W�R�� �W�K�H�� �F�R�Q�G�L�Wion where stimuli remained the same between the 

learning and test stage.  In this condition participants viewed H and HS faces in the 

learning stage.  Later in the test stage they were presented with the same stimuli plus 

distracters.  The participants in this condition took part in H�ÆH and HS�ÆHS trials.  

�$�V�� �L�Q�� �S�U�H�Y�L�R�X�V�� �F�K�D�S�W�H�U�V���� �W�K�H�� �Q�R�P�H�Q�F�O�D�W�X�U�H�� �³�;�Æ�<�´�� �L�V�� �X�V�H�G�� �W�R�� �L�Q�G�L�F�D�W�H�� �W�K�D�W�� �W�K�H��

stimulus was in state X at learning, and state Y at test.  The total number of 

participants in this condition was 22, who were roughly equally divided by gender 

and race. 

�
�
�³�6�Z�L�W�F�K�´���U�H�I�H�U�V���W�R���W�K�H���H�[�S�H�U�L�P�H�Q�W�D�O���F�R�Q�G�L�W�L�R�Q���L�Q���Z�K�L�F�K���W�K�H���V�W�L�P�X�O�L���Z�H�U�H���V�Z�L�W�F�K�H�G��

from the learning to the test stage.  In this condition participants viewed both H and 

HS faces in the learning stage.  At test, the external features of previously seen faces 

were switched.  That is, faces that were viewed with hair in the learning stage were 

now presented as a cropped face and vice versa.  The participants in this condition 

took part in H�ÆHS and HS�ÆH trials.  The total number of participants in this group 

was 19, which was roughly equally divided by gender and race. 

5.2.5 Procedure 

Participants followed a similar procedure to the experiment reported in Chapter 3, 

with some minor differences.  All participants were given a consistent set of 

instructions, but, unlike previous experiments, these were verbal.  All researchers 

were provided with a cue sheet from which instructions were read (Appendix F).  

Furthermore, all researchers were given a step-by-step guide (Appendix G) to follow 



168 
 

throughout the experiment. Participants were asked to place their chin on the rest 

provided and to clench their teeth.  The chin rest was adjusted so that the eyes were 

approximately level to the centre of the screen.   Viewing was binocular, however, 

only one eye was tracked (as in Kelly et al., 2011).  Generally, the left eye was 

tracked for left-handed participants and the right eye was tracked for right-handed 

participants, due to the Theory of Ocular Dominance (Walls, 1951) which suggests 

that, sometimes, people prefer visual input from a more dominant eye which may be 

the same as handedness.  This is not always the case as there is not direct 

relationship between handedness and ocular dominance.  If during the practice trials 

there were many fixations missing from the output, then one of the methods used to 

counteract this was to track the other eye.  Prior to the learning stage of the practice 

trial, the participants performed a 25 point calibration.  They saw a centred fixation 

dot and the trials only commenced when the participant fixated it.  Once the practice 

trials had begun, the participants viewed 2 faces which they were required to learn, 

followed immediately by 4 faces from which they had to decide which faces they 

had previously seen.  Responses were collected using a response box.  After the 

practice trials participants were given the opportunity to ask questions.  The 

researchers then checked the accuracy that was obtained by producing an output for 

the central fixation dot.  That is, the centre fixation dot was displayed at [0, 0] on the 

screen and the time at which the central fixation dot was checked to see the fixation 

location at that time stamp.  If the recorded fixation location was poorer than 0.5° of 

visual angle away from [0, 0], then the chin rest, height of chair, or camera location 

were adjusted to counteract the error and the practice trials repeated.  If the recorded 

fixation location was then within 0.5° of visual angle away from [0, 0], then the 

participants continued on to the main experiment.  Another check that was conducted 
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before the participants continued to the main experiment included inspecting the 

output coordinates to ensure that a large proportion of fixations were present.  If 

there were large proportions of non-tracked fixations, then participants were advised 

about why this might be.  For example, they could have been blinking too often, not 

often enough, moving too much etc.  Once the nature of the problem had been 

established, the practice trials were repeated to ensure that the non-tracked fixations 

were not reoccurring.  The main experiment followed a similar procedure to the 

practice trials.  Before the main experiment commenced, participants were advised 

that they should not move or talk during the experiment, as this would affect the 

tracking of the eye-movements.  Participants again performed a 25 point calibration 

before viewing a central fixation dot at [0, 0].  When participants successfully 

fixated at [0, 0] the learning stage began.  Between the learning and test stage 

participants conducted the same distracter task as in the previous experiments 

(Chapter 3 & 4).  Again, in the test stage participants performed a 25 point 

calibration, followed by a central fixation dot at [0, 0] before the test faces were 

shown.  The central fixation dot only appeared at the beginning of each stage 

(learning and test), and not before each face.  The total time for participation was 

approximately 30 minutes.  A total of 65 participants were tested, of which 24 were 

excluded because the accuracy obtained was poorer than 0.5° of visual angle.  Again, 

this was determined by comparing the recorded output of a fixation at [0, 0].  In 

short, the calibration was conducted a minimum of three times: once before the 

practice trials, once before the learning stage, and once before the test stage. 

5.3 Results 

�3�D�U�W�L�F�L�S�D�Q�W�V�¶�� �U�H�V�S�R�Q�V�H�V�� �Z�H�U�H�� �P�H�D�V�X�U�H�G�� �L�Q�� �W�H�U�P�V�� �R�I�� �V�H�Q�V�L�W�L�Y�L�W�\�� �X�V�L�Q�J���G�¶.  As with 

previous experiments, this was calculated using hit and false alarm rates.  In addition 
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to this �G�¶ score, % of fixations on internal and external features are also reported.  A 

% was used rather than actual number of fixations because, in the test stage, there 

was no set viewing time due to the fact that, once participants had responded, the 

next face appeared.  After the % of fixations data are analysed, some exploratory 

analysis is reported on the location of the first fixation during the learning and the 

test stage.  The reason for this is because much of the previous research required 

participants to fixate on a central dot before viewing a face, therefore by establishing 

the location of the first fixation it may be possible to establish if any bias exists.  

Finally, the last fixation on each face during the test stage was analysed to explore 

the possibility that certain features may be more important when the ultimate 

decision about familiarity is made.   

5.3.1 Sensitivity        

Firstly, sensitivity data was analysed to establish whether the results obtained in this 

experiment were the same as those obtained in the experiment reported in Chapter 3.  

Although gender and race were taken into account when recruiting participants, this 

was not included in the analysis because all previous experiments reported in this 

thesis have found little or no effect of these variables.  Thus, a two-way mixed 

ANOVA was conducted in which Condition (Same or Switch) was entered as the 

between-subjects variable and Stimuli at Test (hair and headscarf) was entered as the 

within-subjects-variable.  A main effect of Condition was observed, F (1, 39) = 

�������������� �S������ �������������� ��p² = 0.471.  This showed that participants in the Same condition 

performed significantly better than the participants in the Switch condition 

(difference in �G�¶��= 1.26).  This is shown in Figure 5.7 and confirms the results 

obtained in Chapter 3.       
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Figure 5.7 - Mean d' score for the two different experimental conditions.  Error bars 
represent Standard Error.  HS-HS represents trials in which participants viewed a 
face with a headscarf at learning and test.  H-H represents trials in which participants 
viewed a face with hair at learning and test. 

5.3.1.1 % Fixations on External Features 

Next, the % of fixations on external features was investigated using a three-way 

mixed ANOVA.  In the test stage, only data from faces that were shown in the 

learning stage was used (previously seen faces) which was consistent with the 

analysis conducted by Stacey et al (2005).  Condition (Same or Switch) was entered 

as the between-subjects variable, Stimuli at Test (hair and headscarf) and Phase 

(learning and test) were entered as the within-subjects variables.  Main effects of 

�3�K�D�V�H�� ���)�� �������� �������� � �� �������������� �S�� ���� �������������� ��p² = 0.400) and Stimuli at Test (F (1, 39) = 

������������ �S�� � �� �������������� ��p² = 0.161) were observed, however, these will not be discussed 

separately because they were both involved in a Stimuli at Test x Phase interaction 

���)������������������ � �����������������S����������������������p² = 0.37).  To investigate this interaction further, t-

tests were conducted.  A Bonferonni correction was applied and a new alpha 

significance value of 0.0125 was calculated.  The first two t-tests investigated the 
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difference between the % of fixations on external features between the learning stage 

and test stage for both hair and headscarf stimuli.  The t-test for the headscarf stimuli 

was not significant (p > 0.05), however, the t-test looking at hair stimuli was 

significant (t (40) = 5.84, p < 0.001).  Thus, regardless of Condition (Same or 

Switch), participants fixated more on hair during the learning stage compared to the 

test stage, but they did not do the same for the headscarf stimuli.  This is shown in 

Figure 5.8 below. 
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Figure 5.8 - % Fixations on External Features during both the learning and test stage.  
Error bars represent Standard Error.  * Represents significance at 0.0125 alpha level.  
H = Hair stimuli and HS = Headscarf Stimuli.  The data is collapsed across 
conditions so that no distinction is made between the two conditions because no 
effect of condition was found. 

The next two t-tests investigated the difference between hair and headscarf stimuli in 

terms of the % of fixations on external features during the learning stage and another 

for the test stage.  The paired t-test that investigated the learning stage was 

significant (t (40) = 5.84, p < 0.001).  Thus, regardless of Condition (Same or 



173 
 

Switch), participants fixated more on external features in the learning stage, when 

hair was available, than when a headscarf was available.  No such difference was 

found in the test stage (p > 0.05).  This is shown in Figure 5.5. 

Surprisingly, no effect of Condition was found.  That is, there was no difference 

between the Same and Switch condition in terms of the % of fixations on external 

features, either in the learning stage or the test stage, or for hair and headscarf 

stimuli.  

5.3.1.2 % Fixations on Internal Features 

Primarily this experiment was concerned with external features, however it will still 

be useful to look at the % of fixations on internal features because, although mostly, 

if the participant was not fixating on the external features, then s/he was fixating on 

the internal features, there were some occasions when the participant fixated outside 

either of the two areas.  Again, a three-way mixed ANOVA was conducted in which 

Condition (Same or Switch) was entered as the between-subjects variable, Stimuli at 

Test (hair and headscarf) and Phase (learning and test) were entered as the between-

subjects variables.  The same result was obtained for internal features as for external 

features, thus, main effects of Phase (F (1, 39) = 32.83, p < 0.001���� ��p² = 0.46) and 

Stimuli at Test (F (1, 39) = 7.36, p =0.01������p² = 0.16) were observed, and again, these 

were both involved in a Stimuli at Test x Phase interaction (F (1, 39) = 26.68, p < 

����������������p² = 0.41).   

The same t-tests as with the external features were conducted (alpha = 0.0125).  The 

first two t-tests explored the difference between the % of fixations on internal 

features between the learning stage and test stage for both hair and headscarf stimuli.  

The t-test that investigated headscarf stimuli was not significant (p > 0.05), however, 
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the t-test that investigated hair stimuli was significant (t (40) = 6.90, p < 0.001).  

Thus, regardless of Condition, participants fixated more on internal features of hair 

stimuli at test compared to at learning.  This reflects the result obtained in the 

analysis on external features.  This result is shown in Figure 5.9.  

90

92

94

96

98

100

Learning HS Learning H Test H Test HS

%
 o

f F
ix

at
io

ns
 o

n 
In

te
rn

al
 F

ea
tu

re
s

Trial Type

* *

 

Figure 5.9 - % Fixations on Internal Features during both the learning and test stage.  
Error bars represent Standard Error.  * Represents significance at 0.0125 alpha level.  
H = Hair stimuli and HS = Headscarf Stimuli. 

The next two t-tests investigated the difference between hair and headscarf stimuli in 

terms of the % of fixations on internal features during the learning stage, and another 

for the test stage.  The paired t-test that looked at the learning stage was significant (t 

(40) = 5.02, p < 0.001).  Thus, regardless of Condition, participants fixated more on 

internal features in the learning stage, when the headscarf was available, than when 

hair was available.  No such difference was found in the test stage (p > 0.05).  This is 

shown in Figure 5.9 above. 
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Similar to the previous analysis, no effect of Condition was found.  That is, there 

was no difference between the Same and Switch condition in terms of the % of 

fixations on internal features, either in the learning stage or the test stage, or for hair 

and headscarf stimuli.  In summary, the analysis of % of fixations on internal 

features has provided complementary results to the analysis looking at % of fixations 

on external features.     

5.3.1.3 Mean First Fixation at Learning and Test 

The next analysis sought to explore the nature of the first fixations during the 

learning and test stage.  The eye movements of each participant were broken down 

for each of the stimulus faces that the participant viewed in the learning stage and, 

again, in the test stage (only previously seen faces).  Then, the first fixation was 

categorised into one of six approximate face regions (eyes, nose, forehead, cheek, 

lip, and external features).  These are shown in Figure 5.10. 

 

Figure 5.10 �± Sample stimulus illustrating the six approximate regions of interest. 
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Following this, a % was calculated for the mean % of fixations for each participant 

for a given face region.  The data was subject to a three-way mixed ANOVA in 

which Condition (Same or Switch) was entered as a between-subjects variable, and 

Stimuli at Test (Hair and Headscarf) and Feature (Eyes, Nose, Forehead, Cheeks, 

Lip, and External Features) were entered as the between-subjects variables. 

First, the analysis investigated the mean first fixation in the learning stage.  A main 

�H�I�I�H�F�W�� �R�I�� �)�H�D�W�X�U�H�� �Z�D�V�� �R�E�V�H�U�Y�H�G�� ���)�� �������������� �������������� � �� �������������� �S�� ���� �������������� ��p² = 0.66).  

Pairwise comparisons showed that the eyes and nose equally received the highest % 

of first fixations during the learning stage (but did not differ from each other), both 

of which significantly differed from the other four features (p< 0.001): forehead, 

lips, cheeks, and external features (all of which did not differ from each other).  This 

is shown in Figure 5.11.  
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Figure 5.11 �± Mean % of First Fixations on the six different face regions.  Error bars 
represent standard error. 
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Next, the same analysis was done on the mean first fixation during the test stage.  

�$�J�D�L�Q�����D���P�D�L�Q���H�I�I�H�F�W���R�I���)�H�D�W�X�U�H���Z�D�V���R�E�V�H�U�Y�H�G�����)������������������������������� �����������������S����������������������p² 

= 0.69).  Further pairwise comparisons showed that, again, the eyes and nose 

received significantly more fixations than the other four features (p<0.001), but did 

not differ from each other.  The output data was very similar to that which is 

displayed in Figure 5.11. 

5.3.1.4 Mean Fixation Location before Decision at Test 

As with the previous section, the eye movements of each participant were broken 

down for each of the stimuli that the participant viewed in the test stage (only 

previously seen faces).  Then, the last fixation was categorised into one of six face 

regions (eyes, nose, forehead, cheek, lip, and external features).  Following this, the 

mean % of fixations for each participant was calculated for a given face region.  The 

data was subject to a three-way mixed ANOVA in which Condition (Same or 

Switch) was entered as a between-subjects variable, and Stimuli at Test (Hair and 

Headscarf) and Feature (Eyes, Nose, Forehead, Cheeks, Lip, and External Features) 

were entered as between-subjects variables.  A main effect of Feature was observed 

���)�� �������������� �������������� � �� �������������� �S�� ���� �������������� ��p² = 0.56) and pairwise comparisons showed 

that the eyes and nose received a significantly higher % of fixations than the other 

four features (p< 0.001).  However, unlike the previous two analyses, the lips 

received a significantly higher % of fixations than the forehead (p = 0.003) and 

external features (p<0.001), yet, still significantly fewer than the eyes and nose 

(p<0.001), but did not differ from the cheeks (p>0.05).  These differences are shown 

in Figure 5.12. 
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Figure 5.12 - Mean % of Last Fixations on the six different face regions before 
making a decision during the test stage.  Error bars represent Standard Error. 
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5.4 Discussion 

5.4.1 Summary of Main Findings 

The aim of this experiment was to establish the role that eye movements play in the 

drop in accuracy when the state of external features is switched between the learning 

and test stage of a yes/no recognition task.  The results from the previous 

behavioural experiments (Chapter 3) were replicated and showed that accuracy 

performance was significantly lower in the Switch condition compared to the Same 

condition.  However, there was no difference in eye-movements between the Same 

and Switch conditions, in either the learning, or the test stage.  Thus, it seemed that 

eye-movements did not play a role in the drop in performance between the Same and 

Switch conditions.  

5.4.2 The difference between Same and Switch 

The results of the experiment reported in this chapter leave open the possibility of 

feature rings as proposed by Stark and Ellis (1981).  If feature rings exist on a purely 

foveal-vision level, then the findings of this experiment do not support the concept 

because there was no difference in eye movements between Same and Switch 

conditions, yet there was a difference in terms of sensitivity.  An alternative 

explanation is that feature rings take into account foveal, parafoveal, and peripheral 

vision.  Therefore, the eye movements are the same because there is no change in the 

central vision, however there was a difference in the behavioural task because the 

peripheral vision was altered.   

5.4.3 Face Perception in different parts of the visual field 

The findings of the experiment reported in this chapter support wider research in the 

area (Althoff & Cohen, 1999; Stacey et al., 2005) in finding that the majority of 
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fixations during all trials were on the internal features.  Moreover, the mean % of 

fixations on external features at test was 0.99% (SE = 0.36).  This hints towards one 

of two things, either, that for 0.99% of all fixations at test to fall upon the external 

features is enough to cause a drop in sensitivity (the difference between Same & 

Switch), or, that even though the centre of the fixation point does not land on 

external features, they are still being processed.  Without conducting further 

experiments in which eye movements are controlled, there is no way of telling 

whether the earlier explanation is plausible because there is no work looking at this, 

thus this could be an area for further research.  However, the latter explanation has 

been studied somewhat, and is discussed in the paragraphs that follow.   

The retina of the human eye is divided into different parts which process information 

from the visual field in different ways.  A region of the retina known as the fovea has 

the highest concentration of cones, which results in the ability to process information 

with a very high visual acuity.  As the distance from the centre of the retina 

increases, the concentration of cones decreases.  The fovea is responsible for 

processing the centre most 2° of visual angle, then the parafoveal part of the retina 

processes a radius of 5° in visual angle around the central fixation point, and finally 

the remaining part of the visual field is known as the periphery (Rayner & Pollatsek, 

2006).  Therefore, although fixations do not land on the external features of a face, it 

does not necessarily mean that they are not being processed.  Rather, it may be that if 

a fixation lands close enough to the external features, then, although the external 

features are not processed with as much visual acuity as the feature upon which the 

fixation is made, the visual acuity is enough for there not to be any significant effect 

on sensitivity.  
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One piece of research looking at the role of peripheral vision in face recognition was 

conducted by Tonsgaard and Margrain (2002).  They used a yes/no recognition task 

in which, during the learning stage, they showed participants a video with a series of 

faces and trained them to name the faces.  Then, in the test stage, participants viewed 

face images which were 256, 1024, 4096, 16384, or 65536 pixels at an eccentricity 

of 7° of visual angle.  Thus, participants saw the images at test at 7° away from the 

centre of their visual field.  They found that performance was only impaired at 

resolutions lower than 16384 pixels and that there was no difference in performance 

between images with 16384 and 65536 pixels.  As the face images used in the 

experiment reported in this chapter were of higher resolution than the highest used 

by Tonsgaard and Margrain (2002), then the results are generalisable to the findings 

of the experiment reported in this chapter.  These findings show that information 

processed within an eccentricity of 7° of visual angle is only affected in low 

resolution images.  One drawback of the work by Tonsgaard and Margrain (2002) is 

that there was no control condition in which they present the participants with the 

faces at test in the centre of the visual field.  This would enable a comparison to be 

made between the information that can be obtained from a face from the centre of 

the visual field compared to that information which can be obtained at a 7° 

eccentricity.  In support of this proposed comparison, previously discussed work by 

Groner et al. (1982) shows that, when participants were able to view faces with a 

parafoveal view encompassing a visual angle of 10°, then performance was 

significantly higher than when they were able to view faces with a foveal view of 2° 

of visual angle.  

From the evidence discussed above, it can be seen that even though participants may 

not fixate directly on the external features, they may still be processed enough using 
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parafoveal or peripheral vision.  As the faces used in the experiment reported in this 

chapter had a mean visual angle of 10.94° x 14.72° and participants did not just 

fixate on the centre of the face but scanned most of the face, it may well be possible 

that external features were processed to a sufficient level of visual acuity, thus 

causing a drop in performance between the Same and Switch conditions.  For 

example, if a participant fixates upon the cheeks, because the hair is still within 

approximately 10° of visual angle it is processed and information is taken in from it 

even though the participants is not directly fixating it.  This is only an assumption 

which would need to be quantified by further work.  One experiment that could be 

conducted to look at this effect would be to ask participants to take part in a 

matching task.  The aim of the experiment would be to establish the visual angle at 

which participants can notice a change within a face, thus, enabling a quantitative 

definition of which parts of the visual field cause a drop in performance.  

Participants would view a target face which they would be allowed to freely fixate 

upon.  Then, when the second, test face, appears, it would have the external features 

altered and the participants would have to decide whether the face was the same or 

different.  When the target face appears the participants would be required to fixate 

on the centre fixation point and the visual angle would be increased or decreased in 

different trials by increasing or decreasing the size of the face.  Therefore, in large 

images, the change in external features would be visible at a high eccentricity (say 

15° of visual angle) and in small images the change in external features would be 

visible at a low eccentricity (say 4° of visual angle).  A variety of visual angles 

would be used so that a comparison could be made between baseline (when the test 

image was the same size as the learnt image) and the varying degrees of visual angle.  

By conducting this kind of experiment, an explanation can be put forward for why 
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there is a drop in performance when stimuli switched from learning to test because it 

may be that no difference was found when looking at eye movements because the 

visual angle was either too small or too large.  

5.4.4 Shift from Learning to Test 

The analysis found that, when hair was visible during the learning stage, participants 

inspected it more than they did the headscarf.  This demonstrates that hair 

information is processed more because fixations are made towards it, but it is not 

used in the recognition stage, as demonstrated by the lack of difference between hair 

and headscarf stimuli in both the Same and Switch conditions.  A possible reason for 

�W�K�L�V���P�D�\�� �E�H���W�K�D�W���W�K�H���K�D�L�U���L�Q�I�R�U�P�D�W�L�R�Q���L�V���V�W�R�U�H�G���D�V���D���³�U�H�V�H�U�Y�H�´���� �L�Q���W�K�D�W���L�W���L�V���R�Q�O�\�� �X�V�H�G��

when the task becomes difficult.  For example, Braun, Jarudi, and Sinha (2011) 

found that as image resolution of famous faces decreased, the importance of external 

features increased.  Taking this premise and applying it to unfamiliar faces, it may be 

that hair is processed in instances when the viewing conditions are not optimum (e.g. 

large viewing distance). However, experiments looking specifically at unfamiliar 

faces would need to be conducted to quantify this.  A possible experiment to look at 

this effect could include applying varied levels of blur to faces in a similar set-up to 

the one used in the experiment reported in this chapter.  It would be expected that as 

the image resolution decreased, there would be an increased number of fixations to 

the external features because participants would probably attempt to learn the shape 

of the head.         

Another finding of interest was that, regardless of condition (Same or Switch), the 

participants looked at hair more during the learning stage than in the test stage.  This 

finding is supportive of work by Henderson et al. (2005) and Stacey et al. (2005) 

who found that there was a shift towards internal features from learning to test.  The 
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finding is also consistent with those obtained by Eriksen and Yeh (1985) who found 

that, when the task demands get more difficult, the locus of attention becomes 

narrower, thus there would be a shift towards internal features.  Therefore, at 

learning, the task is just to learn the faces and so it can be done in a very passive 

manner, however at test, the task is much more complex and requires the participants 

to be actively engaged.  However, the shift towards internal features only occurred 

for the stimuli that were viewed with hair at learning and not those which were 

viewed with a headscarf.  This may simply be because % fixations on external 

features were low to start with thus there was no shift in attention that was required.       

5.4.5 Other findings 

The location of the first fixation during the learning and test stage is an important 

factor in face perception because some research appears to force the participant to 

fixate upon the central fixation point before each face is displayed (e.g. Kelly et al., 

2011; Stacey et al., 2005).   It was found that the eyes and nose received the highest 

% of first fixation during both the learning and test stage.  This shows that humans 

naturally look towards the centre of the face (eyes/nose) as the first fixation, thus, 

forcing the first fixation upon the centre of the face does not create a confound. 

Finally, the final fixation before the decision was made was investigated.  Again, it 

was found that the highest % of fixations were made to the eyes and nose.  

Furthermore, it was found that the lips received significantly more fixations than the 

forehead and external features, thus suggesting that lips play some role in the 

decision making process.  Further work is needed to investigate these findings. 

5.4.6 Conclusions 

The aim of the experiment was to investigate the role of eye movements in the drop 

in accuracy when the external features of stimuli are switched from learning to test 
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during a yes/no recognition task.  It was found that there was no difference in the eye 

movements between trials in which the external features remained consistent (Same) 

and those in which they were switched (Switch).  This lack of difference is mainly 

attributed to the fact that the centre of the fixation does not have to land on a certain 

feature for it to be processed.  Therefore, although there was no difference in eye 

movements, this does not mean that there was no difference in processing 

mechanism.  These findings show that even though the human visual system 

dedicates a significantly lower % of fixations to external features, they are difficult 

to ignore.  Furthermore, the previous chapters (3 & 4) have shown that faces are 

processed in a holistic manner and the findings of this chapter support this notion.  

The processing of faces may be thought of as an integrative process in which the 

internal features and external features are processed together as a whole rather than 

separately.  One possibility could be that the internal and external feature distinction 

is merely one which is made by researchers and this distinction is not relevant to the 

visual system.  Taking this into consideration, it would be beneficial to explore the 

effect of instructing participants to ignore the external features yet still making them 

visible to see whether the visual system is able to distinguish between the two. For 

this reason, the experiment reported in the next chapter explores this concept in a 

similarity perception task in which participants were asked to rate similarity in the 

internal features of pairs of faces.  
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Chapter 6 �± Perceived Similarity of the Internal Features of Faces 

6.1 Introduction  

So far, all the experiments that have been discussed in this thesis have investigated 

the memory for human faces.  The experiments reported in Chapters 3, 4, and 5 have 

found that during a yes/no recognition task participants appear to use holistic 

processing mechanisms to recognise faces.  Specifically, in the experiment reported 

in Chapter 5 it was found that participants did not differ in the % of fixations on 

external features between the Same and Switch conditions which led to the 

conclusion that the drop in performance between the Same and Switch conditions 

was not due to eye-movements.  However, as a consequence of this conclusion, 

together with the holistic nature of face processing, it appeared to be that internal and 

external features are not processed independently of each other rather, they are 

processed interactively.  This distinction was based on experiments which 

investigated the memory for human faces so they may not apply to the perception of 

these faces. In addition to the aforementioned reasons for conducting the experiment 

reported in this chapter, an alternative rationale is that one of the aims of this thesis 

was to investigate anecdotal reports that headscarf-wearing females are more 

difficult to recognise.  So far, it has been found that in recognition tasks the presence 

of a headscarf per se does not cause disr�X�S�W�L�R�Q�� �L�Q�� �R�Q�H�¶�V�� �D�E�L�O�L�W�\�� �W�R�� �U�H�F�R�J�Q�L�V�H��

headscarf-wearing faces, rather, the consistency of external features (headscarf or 

hair) seems to be a good predictor of performance.  Therefore, it may be that 

headscarf-wearing females are not difficult to recognise, instead, they are perceived 

as looking more similar to each other which leads people to think that they are more 

difficult to recognise.    For this reason, in the next experiment the perception of 

faces is investigated.  This was done by employing a perceptual task which has little 
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or no memory demand.  As such, the task used in this chapter involved measuring 

the perceived similarity between the internal features of pairs of faces.  Most 

importantly, because the findings of the previous three chapters implied that external 

features are difficult to ignore, participants in the experiment reported in this chapter 

were specifically told to ignore the external features when making ratings of 

similarity.  The literature concerning this type of experiment falls into two broad 

categories: social psychological research and visual perception research.  The work 

that looks at the social psychological aspects of perceived similarity is concerned 

�Z�L�W�K�� �D�� �W�K�H�R�U�\�� �N�Q�R�Z�Q�� �D�V�� �W�K�H�� �µ�2�X�W-�J�U�R�X�S�� �+�R�P�R�J�H�Q�H�L�W�\�� �(�I�I�H�F�W�¶(Brewer, 1979).  The 

theory proposes that members of an out-group are more likely to be perceived as 

similar to each other compared to members of an in-group.  The second strand of 

work which looks at perception of similarity amongst groups falls into the category 

of visual perception, this is discussed later. 

6.1.1 Out-group Homogeneity Effect  

�7�K�H���µ�2�X�W-�J�U�R�X�S���+�R�P�R�J�H�Q�H�L�W�\���(�I�I�H�F�W�¶���L�V���D���V�R�F�L�D�O���S�V�\�F�K�R�O�R�J�L�F�D�O���S�K�H�Q�R�P�H�Q�R�Q�����D�Q�G���I�R�U��

this reason it mostly attracts social psychological explanations.  All of the 

explanations that are discussed in this section originate from Social Identity Theory 

(Tajfel, 1978). Tajfel reports that human beings evaluate groups of people with 

reference to themselves.  Thus, when members of Group A compare themselves to 

members of Group B, Group A will be considered as the norm, whereas Group B 

�Z�L�O�O���E�H���F�R�Q�V�L�G�H�U�H�G���³�W�K�H���R�W�K�H�U�´�������7�D�M�I�H�O���D�U�J�Xed that people are more familiar with the 

variety of characteristics of their own group, and not so much with the other group, 

�D�Q�G�� �W�K�L�V�� �L�V�� �W�K�H�� �U�H�D�V�R�Q�� �Z�K�\�� �W�K�H�� �µ�2�X�W-�J�U�R�X�S�� �+�R�P�R�J�H�Q�H�L�W�\�� �(�I�I�H�F�W�¶�� �D�U�L�V�H�V���� �� �)�X�U�W�K�H�U��

interpretations of the Social Identity Theory are provided by Turner, Brown, and 

Tajfel (1979) who found that out-groups are perceived as being more homogenous 
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because, when people compare an in-group to an out-group, the comparisons are 

made on traits of the whole group whereas, when comparing in-group members the 

comparisons are made on an individual basis.  Branching from the Social Identity 

�7�K�H�R�U�\���� �W�K�U�H�H�� �H�[�S�O�D�Q�D�W�L�R�Q�V�� �R�I�� �W�K�H�� �µ�2�X�W-�J�U�R�X�S�� �+�R�P�R�J�H�Q�H�L�W�\�� �(�I�I�H�F�W�¶�� �F�D�Q�� �E�H�� �I�R�X�Q�G����

�/�L�Q�Y�L�O�O�H�¶�V��model (1982)�����3�D�U�N���D�Q�G���5�R�W�K�E�D�U�W�¶�V���'�X�D�O���6�W�R�U�D�J�H���0odel (1982), and Park 

�D�Q�G���-�X�G�G�¶�V���$�E�V�W�U�D�F�W�L�R�Q���0�R�G�H�O��(1990).  Stephan and Stephan (1996) propose that the 

�µ�2�X�W-�J�U�R�X�S�� �+�R�P�R�J�H�Q�H�L�W�\�� �(�I�I�H�F�W�¶�� �L�V�� �L�P�S�R�U�W�D�Q�W�� �E�H�F�D�X�V�H�� �L�I�� �R�X�W-group members are 

perceived as being more homogenous, it causes them to be treated as a group rather 

than individuals, which in turn leads to negative stereotyping.   

Linville (1982) found that due to greater experience with, and familiarity of the in-

group, the out-group appears relatively uniform.  This researcher also claims that 

information from in-group and out-group members is encoded in different ways, in 

that for the in-group, information about individual features is processed more than it 

is for the out-group.  Finally, the theory stipulates that people are more likely to 

process individuating information about in-group members because it is more 

beneficial to them as they are more likely to interact with the in-group rather than the 

out-group.  According to Linville, the knowledge of these social categories is stored 

in long-term memory.  She specifies that information about people is stored by 

category labels which can be based on physical traits, personality, or attitudes.    The 

reason that there is more familiarity with the in-group is because there are more 

exemplars of the in-group stored in long-term memory.  From this, Linville (1982) 

hypothesised that increased familiarity with the in-group would cause more out-

group homogeneity.  This was confirmed in their experiment (Linville, Salovey, & 

Fischer, 1989) in which they found that people perceive members of their own age 

group to be less similar than members of another age group (young people versus 
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older people).  These researchers claimed that this effect was due to increased 

familiarity with �S�H�R�S�O�H�� �R�I�� �R�Q�H�¶�V�� �R�Z�Q�� �D�J�H�� �F�R�P�S�D�U�H�G�� �W�R�� �S�H�R�S�O�H�� �R�I�� �D�� �G�L�I�I�H�U�H�Q�W�� �D�J�H��

group. 

Park and Rothbart, in their Dual Storage Model (1982), agree that the information 

regarding in-group and out-group is stored in long-term memory.  They propose that 

broad information about in-group and out-group is stored in memory, whereas 

information about individual examples (i.e. the self) is only stored for the in-group.  

For this reason, when information about the out-group is received, it is encoded in a 

less differentiated manner than information about the in-group.  This implies that, 

according to the Dual Storage Model, the difference between in-group and out-group 

occurs at an encoding level.  Park and Rothbart (1982) argue that in-group and out-

group members invoke different cognitive structures in which in-group members are 

placed in specific categories, for example, intelligent male mathematics student, 

whereas out-group members are placed in more general categories such as female 

student.   Unlike the previous model, the Dual Storage Model does not assume that 

more in-group exemplars are stored in memory, rather, the model stipulates that 

according to cognitive structures, in-group and out-group member information is 

perceived differently.   

The final model that will be discussed is the Abstraction Model which was proposed 

by Park and Judd (1990).  Unlike the previous two models, the Abstraction Model 

does not rely upon familiarity, rather, the researchers believe that perceptions of in-

group and out-group similarity are made provisionally and are revised as new 

exemplars of either group become available.  They argue that out-group member 

perceptions are revised less often because there is less motivation to perceive the out-

group accurately.  In addition to this, they propose that there is more homogeneity 
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amongst out-group members because of the smaller number of exemplars that are 

available compared to in-groups.  For this reason, as the number of exemplars 

increases so does the perceived heterogeneity of the group.   

In related work, Kanter (1977) found that in situations in which women were the 

minority (e.g. male dominated organisations) they were perceived as being 

homogenous and were subject to greater prejudice and discrimination compared to 

men.  Taking into consi�G�H�U�D�W�L�R�Q���W�K�H�V�H���H�[�S�O�D�Q�D�W�L�R�Q�V���I�R�U���W�K�H���µ�2�X�W-group Homogeneity 

�(�I�I�H�F�W�¶�����L�W���P�D�\���E�H���W�K�D�W���I�H�P�D�O�H�V���Z�H�D�U�L�Q�J���W�K�H���0�X�V�O�L�P���K�H�D�G�V�F�D�U�I���D�U�H���S�H�U�F�H�L�Y�H�G���D�V���E�H�L�Q�J��

more similar to one another because they are perceived as the out-group.  In the three 

explanations discussed previously, along with the work by Kanter (1977), it appears 

�W�K�D�W���K�R�P�R�J�H�Q�H�L�W�\�� �U�H�I�H�U�V�� �W�R�� �W�K�H�� �µ�K�R�P�R�J�H�Q�H�L�W�\�� �R�I�� �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�¶���� �V�X�F�K�� �D�V�� �S�H�U�V�R�Q�D�O�L�W�\��

traits and behaviour.  This is not the definition of homogeneity that is suitable for the 

experiment reported in this chapter.  Rather, the aim was to understand whether 

internal face features of females wearing the Muslim headscarf were perceived as 

physically more homogenous.  For this reason, in the next section, research is 

discussed in which experimenters looked specifically at human faces. 

6.1.2 Perceived Similarity in Human Faces 

The work that is discussed in this section does not specifically address the question 

of what role external features play in the perception of human faces, rather, 

experimental research is discussed in which the perceived similarity of faces was 

explored.  It is important to review this literature as it can help to inform the methods 

used in the experiment reported in this chapter.  Maloney and Dal Martello (2006) 

investigated the factors that influenced judgements about kinship in children.  They 

�H�P�S�O�R�\�H�G���E�R�W�K���P�D�O�H���D�Q�G���I�H�P�D�O�H���D�G�X�O�W���S�D�U�W�L�F�L�S�D�Q�W�V���Z�K�R���Y�L�H�Z�H�G���������S�D�L�U�V���R�I���F�K�L�O�G�U�H�Q�¶�V��

faces, half of which were siblings and the other half of which were not siblings.  
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Participants were assigned to one of two groups: either, they were required to rate 

similarity between the pairs of faces on a scale of 1 to 10, or, they were required to 

state whether they thought the two faces were of siblings.  They found that children 

that were perceived as being most similar in the similarity perception group were 

classified as being siblings in the classification group.  This is one example of 

research in which similarity ratings have been done in a similar manner to which 

they were conducted in the experiment reported in this chapter.  

Engelbrecht (2009) reports an experiment in which participants were divided into 

two groups: one viewed pairs of faces which were similar, as rated by another set of 

participants, to each other and the other viewed pairs of faces which were dissimilar 

to each other.  Each participant took part in three conditions: a control condition, 

listing similarities followed by similarity rating, and listing differences followed by 

similarity rating.  In the control condition participants rated the three pairs of faces 

on a scale of 1 to 7 according to how similar they perceived the two faces to be.  In 

�W�K�H���³�O�L�V�W�L�Q�J���V�L�P�L�O�D�U�L�W�L�H�V���I�R�O�O�R�Z�H�G���E�\�� �D���V�L�P�L�O�D�U�L�W�\���U�D�W�L�Q�J�´�� �F�R�Q�G�L�W�L�R�Q���� �S�D�U�W�L�F�L�S�D�Q�W�V���Z�H�U�H��

asked to list three similarities between the pair of faces presented to them, which was 

followed by a rating of 1 to 7 of how similar the two faces were.  Finally, in the 

�³�O�L�V�W�L�Q�J�� �G�L�I�I�H�U�H�Q�F�H�� �I�R�O�O�R�Z�H�G�� �E�\�� �V�L�P�L�O�D�U�L�W�\�� �U�D�W�L�Q�J�´�� �F�R�Q�G�L�W�L�R�Q���� �S�D�U�W�L�F�L�S�D�Q�W�V�� �Z�H�U�H�� �D�V�N�H�G��

to rate how similar the two faces were.  Engelbrecht (2009) found that compared to 

the control condition, participants perceived more similarity in faces after they had 

listed similarities between them.  They also found that, compared to the control 

condition, participants also perceived more similarity in those faces for which they 

had listed differences.  These results showed that regardless of whether similarities 

or differences are listed, participants perceive more similarity than if no prior 

comparisons are made.  This demonstrates that if pairs of faces are attended to more, 
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they are perceived as being more similar, presumably because they are processed 

�P�R�U�H�������+�R�Z�H�Y�H�U�����W�K�L�V���W�X�U�Q�H�G���R�X�W���Q�R�W���W�R���E�H���W�K�H���F�D�V�H���E�H�F�D�X�V�H���L�Q���(�Q�J�H�O�E�U�H�F�K�W�¶�V���V�H�F�R�Q�G��

experiment, the same procedure as experiment one was repeated with the addition of 

two conditions: shallow and deep processing.  Engerlbrecht found that there was no 

difference in similarity ratings between the two levels of processing.  This showed 

that the difference in similarity ratings between the control condition and the 

conditions in which participants listed similarities or difference was not due to the 

fact that in the listing conditions participants processed the faces more.  Rather, the 

results obtained by Engelbrecht (2009) were used as evidence for the Structural 

Alignment Theory (Gentner & Gunn, 2001).  Engelbrecht (2009) argued that 

according to the Structural Alignment Theory, when two stimuli are compared, the 

visual representations of the two stimuli need to be structurally aligned.  During this 

structural alignment, the visual system establishes the similarities between the two 

stimuli followed by the differences.  Thus, regardless of whether the participant was 

asked to list similarities or differences, the process of structural alignment caused the 

participants to give a higher perceived similarity rating in the task which followed 

the listing of similarities/differences.               

More specifically, all of the evidence that implies that headscarf-wearing females are 

homogenous is anecdotal and subjective.  Goldstein and Chance (1978) investigated 

a similar problem in that, according to subjective anecdotal evidence, Japanese faces 

were thought to be more homogenous than White American faces.  They employed a 

similarity perception experiment in which they presented White American 

participants with pairs of White faces and pairs of Japanese faces.  In each 

experimental trial, participants were presented with two pairs of faces, one Japanese 

and one White American. The task was to decide which of the two pairs was most 
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similar to each other.  That is, are the two White American faces more similar to 

each other than the two Japanese faces, or is it the other way round.  Goldstein and 

Chance (1978) found that there was no difference in the number of instances of when 

the Japanese pairs were perceived as more similar compared to when the White 

American pairs were perceived as being more similar.  Therefore, they concluded 

that average pairs of Japanese faces were no more homogenous than pairs of White 

American faces.  This study shows that the homogeneity of another race is purely 

subjective and is not apparent at the level of visual perception.  

6.1.3 Internal and External Features and their relationship with perceived 

similarity  

More specific to the topic of the importance of external features, DeBruine et al. 

(2009) investigated kin recognition in adults.  Their work is relevant here because 

the stimuli that they used in their experiment were both with and without hair.  Pairs 

of faces were created using identical twins, non-identical twins, and controls.  Two 

groups of participants were used, the first which was asked to state whether the two 

faces were related and the other was asked to rate on a scale of 1 to 10 how similar 

the two faces were.  Within the two groups, participants were further divided into 

conditions in which they saw faces with hair or faces without hair.  They found that, 

for the control faces that were presented with hair, opposite sex pairs were rated as 

less similar compared to same sex pairs.  That is, when two strangers are compared 

to each other, hair is an indicator of gender, however, this was not the case for the 

twin stimuli.  They also found that for the stimulus pairs that were presented without 

hair, similarity ratings were lower for opposite sex pairs for all types of stimuli.   

That is, regardless of whether participants viewed twins or pairs of strangers, when 

viewed without hair, pairs that included one male and one female were rated as less 
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similar compared to pairs that included both males or both females.  However, 

DeBruine et al. (2009) do not report whether any analyses were done to look at the 

difference between the similarity ratings for hair and no hair faces, in any case, no 

difference has been reported.  For this reason, it is not clear whether similarity 

ratings are the same when external features are removed or whether they increase or 

decrease.   

To understand the nature of holistic processing in such a task, Popivanov and 

Mateeff (2011) conducted an experiment in which they presented participants with 

pairs of faces which were either inverted or upright.  Eye-movements were tracked 

during the task in which all faces were shown without hair.  They found that 

participants rated inverted faces as more similar to each other compared to upright 

faces.  These results demonstrate that as the task becomes more difficult or as the 

holistic processing of faces is disrupted, they tend to look more alike.  Kato, 

Mukaida, and Cook (2004) presented participants with pairs of faces and asked them 

to rate how similar they perceived the two faces to be.  The pairs of faces were either 

distinctive or typical.  They found that pairs of faces were rated as more similar to 

each other when they were both typical than when they were both distinctive.  A 

possible explanation for this may be that distinctive looking faces capture attention 

more.  As a result of this they are processed more and for this reason they are 

perceived as being less similar compared to typical faces which look ordinary and 

yield a higher similarity score.  A manipulation that was conducted by Kato et al. 

(2004) �Z�D�V�� �W�K�D�W�� �H�D�F�K�� �R�I�� �W�K�H�� �G�L�V�W�L�Q�F�W�L�Y�H�� �O�R�R�N�L�Q�J�� �I�D�F�H�V�¶�� �G�L�V�W�L�Q�F�W�L�Y�H�� �I�H�D�W�X�U�H�V�� �Z�D�V��

replaced by the distinctive feature of another face, and the same was done for the 

typical pairs.  They found that, when a pair of faces had a particular facial feature in 

common, for example the same distinctive nose, they were perceived as being more 
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similar when the feature was distinctive than when it was typical.  Kato et al. (2004) 

�F�R�Q�F�O�X�G�H�G���W�K�D�W���W�K�L�V���L�V���E�H�F�D�X�V�H���K�X�P�D�Q�V���S�H�U�F�H�L�Y�H���³�J�U�H�D�W�H�U���V�L�P�L�O�D�U�L�W�\���E�H�W�Z�H�H�Q���I�D�F�H�V���W�K�D�W��

�D�U�H�� �V�L�P�L�O�D�U�O�\�� �G�L�V�W�L�Q�F�W�L�Y�H�� �U�D�W�K�H�U�� �W�K�D�Q�� �V�L�P�L�O�D�U�O�\�� �W�\�S�L�F�D�O�´���� �� �7�K�L�V�� �P�H�D�Q�V�� �W�K�D�W, if within a 

pair of faces both of the faces have the same distinctive feature, then the pair will be 

perceived as being more similar compared to a pair in which both faces have the 

same typical features.    

Participants in the experiment reported in this chapter were presented with pairs of 

faces which either: both had hair, both had a headscarf, or one had hair and the other 

had a headscarf, and they were asked to rate how similar they thought the internal 

features of two faces were.  Based on the evidence from the previous chapter, which 

investigated eye movements during face recognition, it was predicted that, although 

participants will not look directly at the external features (and try to ignore them), 

they will play some role in the similarity rating of the internal features.  Furthermore, 

given the evidence obtained in the previous chapters (3, 4, & 5) for the holistic 

nature of face processing, it was predicted that headscarf-wearing pairs will be rated 

as most similar due to the homogenous nature of the external features.  Thus, if a 

template matching approach is used, participants would rate headscarf-wearing 

females most similar.  Next, it was predicted that pairs of faces which were presented 

with hair will be perceived as next most similar because, although they provide more 

heterogeneity than headscarf pairs, they do not provide the diversity of external 

feature that is provided by the pairs in which one face has hair and the other has a 

headscarf. 
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6.2 Methods 

6.2.1 Participants 

A total of 32 participants (mean age = 22.25 years, SD = 3.36) took part in this 

experiment.  They were eight South Asian males (mean age = 20.88, SD = 1.55), 

eight South Asian females (mean age = 21.88, SD = 3.52), eight White males (mean 

age = 23.25, SD = 4.30), and eight White females (mean age = 23.13, SD = 3.40).   

6.2.2 Stimuli  

The stimuli that were used in this experiment, both headscarf and hair, were the same 

as the previous experiments.  The images were 1280 pixels x 960 pixels which were 

displayed using E-Prime Version 2.0.  Stimuli were presented on a HP laptop (G62-

A45SA) on which the screen size was set at 1360pixels x 768pixels with a refresh 

rate of 60Hz.  Each face of the pair covered an approximate width of 290 pixels and 

375 pixels height.  The viewing distance was kept constant at approximately 60cm. 

6.2.3 Design 

A mixed-subjects design was used in which participants were divided into three 

groups.  Participants in each group viewed eight faces which were presented both 

with hair and with a headscarf, therefore resulting in a total of 16 images.  These 16 

face images were compared to each other resulting in a total of 136 trials.  

Participants in each group viewed pairs of faces which were presented side by side.  

The difference between the three groups was the particular face stimuli that were 

used.  The between-subjects variables were Gender (male or female) and Race 

(South Asian or White), and the within-subjects variable was the type of pair 

(Headscarf*, Hair**, & Mix**).  In the Mix trials the headscarf face always 

appeared on the right hand side of the pair.  
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* Headscarf refers to the pairs of faces in which both of the stimuli were displayed 

with a headscarf. 

** Hair refers to the pairs of faces in which both of the stimuli were displayed with 

hair. 

*** Mix refers to the pairs of faces in which one of the stimulus faces was displayed 

with a headscarf and the other was displayed with hair. 

6.2.4 Procedure 

All the participants provided written consent prior to taking part in the experiment.  

They were all given consistent instructions that were provided to them on the screen.  

They were presented with pairs of faces which they were required to rate on a scale 

of 1 to 7, which was based on how similar they perceived the internal features of 

�W�K�H�� �W�Z�R�� �I�D�F�H�V�� �W�R�� �E�H���� ���� �E�H�L�Q�J�� �µ�Y�H�U�\�� �V�L�P�L�O�D�U�¶�� �D�Q�G�� ���� �E�H�L�Q�J�� �µ�Q�R�W�� �V�L�P�L�O�D�U�� �D�W�� �D�O�O�¶������

Participants were advised by the instructions on screen and verbal instructions to 

make their judgements based solely on the internal features.  They were then shown 

a picture of a sample face with the external features cropped out to make sure that 

�W�K�H�\�� �X�Q�G�H�U�V�W�R�R�G�� �Z�K�D�W�� �L�V�� �P�H�D�Q�W�� �E�\�� �³�R�Q�O�\�� �L�Q�W�H�U�Q�D�O�� �I�H�D�W�X�U�H�V�´���� �� �3�D�U�W�L�F�L�S�D�Q�W�V�� �Y�L�H�Z�H�G�� ������

pairs of faces after which they were given a two minute break.  Following the break, 

participants viewed the remaining 68 pairs of faces which they were required to rate.  

They were instructed to use a variety of keys between 1 and 7. 

6.3 Results 

The p�D�U�W�L�F�L�S�D�Q�W�¶�V�� �G�D�W�D�� �Z�D�V�� �G�L�Y�L�G�H�G�� �L�Q�W�R�� �W�Kree types: mean similarity rating for Hair 

pairs, mean similarity rating for Headscarf pairs, and mean similarity rating for Mix 

pairs.  As there were three groups of participants who viewed three different stimulus 

sets, the data from the three groups was collapsed to form one dataset. 
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6.3.1 Similarity Ratings 

A three-way mixed ANOVA was conducted in which Race (South Asian or White) 

and Gender (male or female) were entered as between-subjects variables.  The Type 

of Pair (Hair, Headscarf, and Mix) was entered as the within-subjects variable.  

Therefore, all participants took part in all three of the conditions (but with one of the 

three different stimulus sets).  A main effect of Type of Pair was observed (F (1.27, 

�������������� � �� �������������� �S�� ���� �������������� ��p² = 0.659).  Bonferonni pairwise comparisons showed 

that each of the pair types were significantly different to the others (Hair-Headscarf 

(p = 0.001), Hair-Mix (p < 0.001), and Headscarf-Mix (p < 0.001)).  These 

differences are demonstrated in Figure 6.1. 
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Figure 6.1 - Mean similarity ratings for the different types of pairs.  Error bars 
represent Standard Error. 

6.3.2 Similarity Ratings for Same Pairs 

Next, analysis was conducted on the trials in which both of the images in the pair 

were of the same person.  These trials conducted were of three types: same person 

with hair in both images (Both Hair), same person with headscarf in both images 
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(Both Headscarf), and same person with hair in one image and headscarf in the other 

image (Headscarf & Hair).  Initially, this was done to ensure that participants were 

not just pressing random keys, but actually concentrating on the task.  It was thought 

that if participants were doing the task properly, then in instances where the image 

was exactly the same (Both Headscarf or Both Hair), participants would rate the 

images very similar.  This turned out to be correct as the mean rating given to the 

�µ�%�R�W�K�� �+�D�L�U�¶�� �L�P�D�J�H�V�� �Z�D�V�� ���������� ���6�'�� � �� ������������ �D�Q�G�� �P�H�D�Q�� �U�D�W�L�Q�J�� �J�L�Y�H�Q�� �W�R�� �W�K�H�� �µ�%�R�W�K��

�+�H�D�G�V�F�D�U�I�¶�� �L�P�D�J�H�V�� �Z�D�V�� ���������� ���6�'��= 0.54).  A One-Sample t-test was conducted for 

both these comparisons to confirm that they were not significantly different from 7 

(Both Hair (t (31) = 1.37, p > 0.05) & Both Headscarf (t (31) = 1.55, p > 0.05)).  

�+�R�Z�H�Y�H�U�����W�K�H���P�H�D�Q���U�D�W�L�Q�J���J�L�Y�H�Q���W�R���W�K�H���µ�+�H�D�G�V�F�D�U�I���	���+�D�L�U�¶���L�P�D�J�H�V���Z�D�V���P�X�F�K���O�R�Z�H�U��

at 5.64 (SD = 1.28).  Again, a One-Sample t-test was conducted which showed that 

this score was significantly different to 7 (t (31) = 6.04, p < 0.001).   

Paired sample t-tests were conducted on these figures and it was found that 

�µ�+�H�D�G�V�F�D�U�I���	���+�D�L�U�¶���L�P�D�J�H�V���G�L�I�I�H�U�H�G���V�L�J�Q�L�I�L�F�D�Q�W�O�\���I�U�R�P���µ�%�R�W�K���+�D�L�U�¶�����W������������� �����������������S��

���� �������������� �D�Q�G�� �µ�%�R�W�K�� �+�H�D�G�V�F�D�U�I�¶�� ���W�� ���������� � �� �������������� �S�� ���� ���������������� �� �7�K�H�V�H�� �G�L�I�I�H�U�H�Q�F�H�V�� �D�U�H��

demonstrated in Figure 6.2. 
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Figure 6.2 �± Mean similarity ratings when two images of the same person were 
presented as a pair.  Error bars represent Standard Error.  Both Hair refers to the 
trials in which the same person was presented in both images of the pair with hair.  
Both Headscarf refers to the trials in which the same person was presented in both 
images with a headscarf.  Headscarf & Hair refers to the trials in which the same 
person was presented in one image with a headscarf and the other image with hair. * 
represents significance at the 5% level. 
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6.4 Discussion 

6.4.1 Summary of Main Findings 

The aims of this experiment were twofold.  The first aim was to determine the effect 

of the Muslim headscarf on the perceived similarity of the internal features of a face.  

The second aim was to understand whether it is possible to consciously separate the 

internal features from the external features in such a paradigm.  These aims were 

addressed using a perceived similarity task in which participants were asked to rate 

the similarity of the internal features of a face whilst ignoring the external features.  

It was found that participants rated most similarity in pairs in which both faces were 

presented with a headscarf.  Pairs of faces which constituted one face with hair and 

one with a headscarf were perceived as being least similar.  No effects of gender or 

race were observed. 

6.4.2 Perceived Similarity of the Internal Features of Faces 

The finding that headscarf-wearing pairs of faces were perceived to be significantly 

more similar to each other compared to pairs of faces both presented with hair 

illustrates that headscarf-wearing faces are perceived as more homogenous compared 

to faces with hair.  One of the reasons for this may be that, if the external features 

(hair or headscarf) are taken separately from the rest of the face (internal features), 

then the amount of variability in the hair is greater than in the headscarf.  That is, 

although participants were instructed not to look at the external features (or at the 

very least process them unconsciously) they found them difficult to ignore when 

comparing the internal features.  After taking this into consideration it can be said 

that the hair provides more distinguishing information than the headscarf in the 

stimuli that were used.   It can be argued that, if the headscarf stimuli were changed 
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so that they included all the colours and patterns that would normally be seen in a 

headscarf, then the headscarf pairs would not be perceived as being most similar.  On 

the contrary, when the stimuli were prepared for this experiment, it was ensured that 

hair of the participants was black, with a similar hairstyle, and with the hair tied back 

away from the forehead.  In doing this, the faces presented with hair were made to 

look more homogenous than they would normally.  For this reason, even if the 

headscarves were more homogenous than they would be otherwise, this homogeneity 

of the headscarves does not act as a confounding variable because the same controls 

were imposed on the faces with hair stimuli, thus, any effect would be expected 

across both groups. 

More specifically, participants were advised both in the written instructions and the 

verbal instructions to make their judgements based on only the internal features.  If it 

was possible to purely focus on the internal features of a face, then there would be no 

difference between the three different types of pair.  However, it was clearly not 

possible to separate the internal from the external features, and an explanation of this 

is that during the perception of faces, humans are not able to separate the different 

parts of the face.  Instead, a holistic representation of the faces is created, which is 

then used to match with the corresponding face.  These findings support the 

Structural Alignment Theory (Gentner & Gunn, 2001) as they provide evidence 

which shows that, when the two faces of a pair are compared, the visual 

representation of the faces is structurally aligned.  When this structural alignment is 

�Q�R�W�� �³�D�F�F�X�U�D�W�H�´���� �L���H���� �Z�K�H�Q�� �R�Q�H�� �I�D�F�H�� �L�V�� �S�U�H�V�H�Q�W�H�G�� �Z�L�W�K�� �K�D�L�U�� �D�Q�G�� �W�K�H�� �R�W�K�H�U�� �Z�L�W�K��a 

headscarf, then a low similarity rating is obtained.  One explanation for this may be 

that the outline of the head shape is different between the headscarf and hair faces.  

�7�K�H�� �R�X�W�O�L�Q�H�� �R�I�� �W�K�H�� �K�H�D�G�V�F�D�U�I�� �I�D�F�H�V�� �Z�R�X�O�G�� �E�H�� �P�R�U�H�� �³�H�J�J�� �O�L�N�H�´�� �E�H�F�D�X�V�H�� �W�K�H�� �K�D�L�U�� �L�V��
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compressed due to the presence of the headscarf, whereas, faces presented with hair 

would have a different outline due the volume of the hair. Taking into consideration 

this possibility, another explanation for the findings may be that, when making a 

judgement about the similarity between two faces, simply the outline of the face is 

sufficient in determining how similar the two faces are.  This is quantified by the 

finding that, when a pair consists of two faces with the same internal and external 

features (both faces with hair or both faces with a headscarf), the similarity 

judgements were not significantly different to 7 (very similar) for headscarf and hair 

pairs.  However, when the same internal features were presented with different 

external features (one hair and one headscarf) then, similarity ratings differed 

compared to when the internal and external features were the same in both faces of 

the pair.  This demonstrates that participants actually use external features (to some 

extent) to determine the similarity between two faces for one of two reasons: either 

because external features are important in similarity judgements, or, because external 

features contribute to the outline of the head shape which itself contributes to 

similarity judgements.  Together with the previous findings (chapters 3-5), these 

results show that holistic processing is involved with not only memory for human 

faces, but also the perception of human faces.  That is, holistic processing occurs at 

the level of perceiving the stimuli and is not just a product of memory 

representations.  Furthermore, these findings show that the internal and external 

features of a face are processed interactively and cannot be consciously separated 

from each other.   

In relation to previous work in the area, the findings of the experiment reported in 

this chapter support those obtained by Kato et al. (2004) who found that, when pairs 

of faces had the same distinctive feature then, they were perceived as more similar 
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compared to pairs of faces that have the same typical feature.  This relates to the 

findings of the experiment reported in this chapter because, if it is assumed that the 

headscarf is more distinctive compared to hair, which can be classed as typical 

simply because everyone has or had hair but not everyone has or had a headscarf, 

then pairs of headscarf faces have a common distinctive feature and this was the 

reason why they were perceived as being more similar to each other compared to 

pairs of faces both with hair. 

6.4.3 Out-group Homogeneity        

The Out-group Homogeneity Effect (Brewer, 1979) proposes that members of a 

group, that is not the same as the perceivers, appear to be more homogenous 

�F�R�P�S�D�U�H�G�� �W�R�� �W�K�H�� �P�H�P�E�H�U�V�¶�� �R�Z�Q�� �J�U�R�X�S�� ���L�Q-group).  No effects of Race and Gender 

were found and for this reason it may appear that out-group homogeneity was not 

observed.  However, this may not be the case because in the experiment reported in 

this chapter it was difficult to make a comparison between in-group and out-group 

similarity ratings because the nature of the stimuli was such that they were relatively 

homogenous.  That is, because they were all faces of South Asian females, the only 

participants that would consider half of the stimuli to be an in-group and the other 

half an out-group would be South Asian females.  If a South Asian female wore a 

Muslim headscarf, then the headscarf pairs would be an in-group and hair pairs 

would potentially be an out-group, whereas, if a South Asian female did not wear a 

headscarf, then it would be the other way around.  Unfortunately, there were not 

enough South Asian female participants in this sample to make such a comparison.  

In addition to this, even if the required number of participants was obtained for 

South Asian females, it would not provide a full picture of the out-group 

homogeneity effect.  An experiment similar to that conducted by Goldstein and 
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Chance (1978) would need to be conducted in which South Asian and White females 

(headscarf wearers and non-headscarf wearers) rate the similarity of pairs of faces 

with hair and faces with a headscarf, both for South Asian and White females.  From 

this, true out-group homogeneity can be measured because, if out-group 

homogeneity exists, then South Asian females will perceive White faces as more 

similar looking compared to South Asian faces (the opposite should be true for 

White females).  Furthermore, non-headscarf-wearing females (regardless of race) 

should perceive headscarf-wearing females to be more similar (and vice versa).  It 

may also be that there is some interaction between the race and whether the face is 

displayed with hair or a headscarf. 

6.4.4 Conclusions 

The results of the experiment reported in this chapter show that, when processing 

faces, participants were unable to separate their perception of the internal features 

from the external features.  Therefore, even after being instructed to base their 

decision entirely on the internal features, participants were unable to ignore the 

external features.  From this finding it can be inferred that internal and external 

features are not perceived independently of each other, therefore, the mental 

representation of the face is as a whole and not distinguished by internal and external 

features.  These findings may aid in the understanding of why a drop in performance 

was observed in the yes/no recognition task (Chapters 3, 4, & 5) between the Same 

and Switch condition.  It may be that because the face is perceived as whole it is 

represented and stored in memory as a whole (independent of the internal/external 

feature distinction).  Therefore, in the Switch condition, when the stimulus presented 

at test did not match the mental representation, the participants were unable to 

establish that only the external features had been amended, rather, it was perceived 
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as a previously unseen face which led to a lower sensitivity score.  In addition to this, 

the findings from the experiment reported in this chapter demonstrate that the notion 

that headscarf-wearing females are more difficult to recognise is a mentally 

constructed concept which arises because they are perceived as being more similar.  

That is, because headscarf-wearing females were rated as looking more similar to 

each other compared to females with hair, they are thought to be difficult to 

recognise. 
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Chapter 7 �± The Relationship between Social Contact and Face 

Recognition 

7.1 Introduction  

One of the key findings of the experiments reported in the thesis so far is that, during 

a yes/no recognition task, when there is no change to the state of the external features 

between the learning and test stage (Same), there was no difference in the 

recognition of faces presented with and without hair.  In light of this finding, it has 

been inferred that there is sufficient information in the internal features of a face to 

perform face recognition in a task such as the yes/no recognition, as long as there is 

consistency between the learning and test stage.  From this result, the findings from 

past research (Ellis et al., 1979; Wright & Sladden, 2003) were reinterpreted and it 

was shown that the results obtained in the experiments reported in this thesis can be 

thought of as consistent with the studies mentioned above.  However, their 

explanation of the findings was different, though, the findings reported so far do not 

support those obtained by Lewin and Herlitz (2002)who found that, during a yes/no 

recognition task, participants performed significantly worse when hair was absent 

compared to when hair was present.  One of the key differences between the 

experiments reported in Chapters 3 and 4, and those in Lewin and Herlitz (2002)was 

that they used a between-subjects design in which each participant either saw faces 

with hair or faces without hair, but not both.  However, in the experiments reported 

in the Chapters 3 and 4, a within-subjects design was used in which each participant 

saw faces with and without hair.  The experiment reported in this chapter 

investigated the effect of the difference in the way in which the stimuli were blocked 

in order to understand whether the incongruence of the findings from Chapters 3 and 

4 with Lewin and Herlitz (2002) was due to this type of  inconsistency.  In addition 
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to this, one potential explanation for the lack of difference between the headscarf and 

hair stimuli in the experiments reported in Chapters 3 and 4 (Same conditions only) 

is that the participants that took part in the experiments were accustomed to seeing 

females who wear a Muslim headscarf and for this reason they had become used to 

recognising people from just the internal features of a face.  This explanation was 

initially put forward by Megreya and Bindemann (2009) who found that the 

participants in Egypt used internal features to match unfamiliar faces because they 

were used to seeing males and females with their external features covered.  This 

idea t�K�D�W���L�Q�F�U�H�D�V�H�G���H�[�S�R�V�X�U�H���W�R���D���F�H�U�W�D�L�Q���J�U�R�X�S���D�I�I�H�F�W�V���D���S�H�U�V�R�Q�¶�V���D�E�L�O�L�W�\���W�R���U�H�F�R�J�Q�L�V�H��

faces is similar to the Contact Hypothesis proposed by Allport (1954) which was 

used to explain the Own-race Bias (ORB).  For this reason, in the paragraphs that 

follow, literature concerning the ORB is discussed as well as potential explanations 

for its causes.  Furthermore, as small effects of race have been seen in some of the 

experiments reported in the thesis so far, the ORB is discussed with regards to South 

Asian faces.  Finally, in the experiment reported in this chapter, an attempt is made 

to use the Contact Hypothesis to explain the lack of difference between headscarf 

and hair stimuli (Same condition only).  This was done by using a Social Contact 

Questionnaire to assess the different types of contact with headscarf-wearing 

females.  In addition to this, participants were recruited from two different cities 

(Bradford and Manchester) in which the proportion of South Asians/Muslims in the 

general population varied.        

7.1.1 Own Race Bias (ORB) 

Anecdotally, humans tend to be labelled (by each other) according to the groups to 

which they belong.  These groups can refer to physical attributes such as race or 

gender, or they can be social attributes such as social class, IQ, or sexuality.  The 
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�2�5�%�� �L�V�� �G�H�I�L�Q�H�G�� �D�V�� �W�K�H�� �³�U�H�O�D�W�L�Y�H�� �L�Q�D�E�L�O�L�W�\�� �W�R�� �U�H�F�R�J�Q�L�]�H�� �S�H�U�V�R�Q�V�� �R�I�� �D�Q�R�W�K�H�U�� �U�D�F�H�´ 

(Malpass & Kravitz, 1969)�����L�Q���Z�K�L�F�K���W�K�H���U�H�O�D�W�L�Y�H���L�Q�D�E�L�O�L�W�\���U�H�I�H�U�V���W�R���D���S�H�U�V�R�Q�¶�V���D�E�L�O�L�W�\��

at recognising a different race person compared to their own.  The ORB is relevant to 

the experiments covered in this thesis because the stimuli that were used in all the 

experiments were of South Asian females and the observers were either White or 

South Asian.  Previous literature appears not to focus on the ORB in South Asian 

participants.  According to Meissner and Brigham (2001) the vast majority (88%) of 

samples used were either White or Black.    One recent example of a study on the 

ORB which has investigated participants who were not Black was conducted by 

Harrison and Hole (2009).  They used a yes/no recognition paradigm to investigate 

the ORB in White Australian and Hong Kong Chinese participants.  Participants 

viewed White and Chinese faces during the learning and test stage of the experiment.  

They found that participants performed better on their own-race compared to the 

other-race.  The ORB is a robust psychological effect (Meissner & Brigham, 2001) 

and it is not specific to just the laboratory environment.  Platz and Hosch (1988) 

conducted a field study of the effect in which they asked sales assistants at a 

convenience store to identify three customers (one Anglo-American White, one 

Mexican-American White, and one Black) that had visited the store two hours 

earlier.  They found that the sales assistants were better at recognising a customer 

that was of their own-race compared to a customer of the other two races.  The 

reliability of the effect in a non-controlled environment adds to its robustness. 

Due to the consistent nature of the effect, there has been a large amount of work 

looking at its causes (see Meissner & Brigham, 2001 for a review)���� �� �7�K�H�� �³�&�R�Q�W�D�F�W��

�+�\�S�R�W�K�H�V�L�V�´��(Brigham & Ready, 1985) predicts that as contact with the other-race 

increases, there will be a decrease in the level of the ORB.  However, research on the 
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�³�&�R�Q�W�D�F�W�� �+�\�S�R�W�K�H�V�L�V�´�� �K�D�V�� �S�U�R�G�X�F�H�G�� �P�L�[�H�G�� �U�H�V�X�O�W�V���� �� �)�R�U�� �H�[�D�P�S�O�H����Cross, Cross, and 

Daly (1971) found that Caucasian children from segregated neighbourhoods 

displayed a higher ORB than those from integrated neighbourhoods.  In the same 

study, Cross et al. (1971) did not find the same pattern of results for African-

American children.   

7.1.2 Explaining the Own Race Bias 

Rule, Garrett, and Ambady (2010), in a face classification task, found that even 

minimal cues of religious affiliation resulted in faces being classified as Mormon or 

non-Mormon.  They propose that subtle differences between faces can invoke 

unconscious categorisation of faces.  It is a result of this unconscious categorisation 

of faces that people display the ORB.  Hehman, Mania, and Gaertner (2010) explain 

the notion of social categorisation.  They argue that categorisation as an in-group or 

an out-group member can cause faces to be processed differently.  They propose that 

the ORB occurs because of the tendency of people to categorise faces as belonging 

to an in-group or an out-group.  These researchers conducted an experiment in which 

they presented Black and White participants with groups of faces during a learning 

stage which were either categorised by race (Black or White) or by college (own or 

other).  Categorisation refers to the manner in which they were presented on the 

screen.  In the race categorisation condition, four Black faces were clustered together 

and four White faces were clustered together which were divided by a line in 

between them.  In the college categorisation condition, four faces from their own 

college were clustered together (both Black and White faces) and labelled, and four 

faces from the other college were clustered together (both Black and White) and 

labelled.  This process of categorisation is shown in the Figure 7.1. 
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Figure 7.1 �± Illustrates the categorisation of faces within different trial types. Taken 
from Hehman et al. (2010). 

At test, the participants were required to decide which they had previously seen.  

These researchers found that, when the target stimuli were categorised by race, 

participants performed better for their own-race compared to the other-race.  

However, when the stimuli were categorised by college, the ORB disappeared and 

the recognition of other-race faces increased to the level of own-race faces.  This, 

Hehman et al. (2010) advise, can be used as rationale for the ORB to be renamed as 

the out-�J�U�R�X�S�� �E�L�D�V���� �� �7�K�L�V�� �U�H�V�H�D�U�F�K�� �V�W�X�G�\�� �V�K�R�Z�V�� �W�K�D�W�� �S�D�U�W�L�F�L�S�D�Q�W�V�¶�� �L�Q�W�H�U�Q�D�O��

categorisation of the stimuli that is presented to them affects the way in which the 

face is encoded.  This notion of in-group and out-group is supported by a number of 

other researchers.  Anastasi and Rhodes (2005) found that participants performed 

better when they were asked to recognise faces of their own age compared to another 

age, where own age was the in-group and other age group was the out-group.  

Bernstein, Young, and Hugenberg (2007) found that categorisations based on 

University affiliation resulted in higher recognition rates for faces associated with 

�W�K�H�� �S�D�U�W�L�F�L�S�D�Q�W�V�¶�� �R�Z�Q�� �8�Q�L�Y�H�U�V�L�W�\�� �F�R�P�S�D�U�H�G�� �W�R�� �D�Q�R�W�K�H�U���� �� �)�X�U�W�K�H�U�P�R�U�H���� �W�K�H�V�H��

researchers found that artificially created in-groups, in a laboratory, resulted in better 

performance compared to a laboratory-produced out-group.  Rule, Ambady, and 
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Adams (2007) investigated the effects of social categorisation on male sexual 

orientation.  Heterosexual and homosexual participants recognised faces which were 

categorised as heterosexual or homosexual.  These researchers found that 

heterosexual participants showed an advantage for the memory of heterosexual faces 

compared to homosexual faces.  Therefore, even in the lack of perceptual difference 

between homosexual and heterosexual faces (like that which may be seen in 

male/female faces or Black/White faces), such a bias exists.  This out-group 

categorisation is replicated in measures of social class by Shriver, Young, 

Hugenberg, Bernstein, and Lanter (2008).  They found that middle-class White 

participants recognised White faces better when they were presented as wealthy 

compared to when they were presented as impoverished.  This shows that the context 

in which faces are perceived can affect categorisation and in turn affect recognition 

ability.  Therefore, it has been shown that out-group categorisation can occur on 

factors which are perceptually visible e.g. race and gender, but also on factors which 

are not perceptually visible, e.g. social class and sexual orientation.  These findings 

show that the ORB is not always a result of perceptual expertise, rather, it may 

sometimes be a result of motivational factors.   

Alternative explanations for the ORB propose that the effect arises from differences 

in the way in which the other-race faces are processed.  For example, Slone, 

Brigham, and Meissner (2000) conducted a series of experiments with White 

participants who took part in a yes/no recognition experiment which included Black 

and White faces.  They found that the ORB arose from the tendency of White 

participants to ma�N�H�� �P�R�U�H�� �³�I�D�O�V�H�� �D�O�D�U�P�V�´�� �W�R�Z�D�U�G�V�� �%�O�D�F�N�� �I�D�F�H�V���� �� �7�K�D�W�� �L�V���� �L�Q�� �W�K�H�� �W�H�V�W��

stage when a previously unseen Black face is shown, White participants were more 

likely to say that it has been seen previously compared to a previously unseen White 
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face.  These researchers also found that only some aspects of social experiences (e.g. 

recent contact) with the other-race were predictive of overall accuracy.  From this, 

Slone et al. (2000) concluded that future work should look at cognitive factors such 

as response bias towards other-race faces rather than focusing on social experiences. 

However, it seems that it would be unreasonable to look purely at cognitive factors, 

instead, it would be more beneficial to look at how social factors interact with 

cognitive factors.   

Valentine and Endo (1992) conducted a yes/no recognition experiment in which 

White British and Japanese participants were asked to learn and recognise White and 

Japanese faces.  An ORB was observed and the researchers also found that 

participants were able to more accurately recognise distinctive faces compared to 

typical faces.  From these results it can be inferred that typical faces are all perceived 

as being more homogenous, thus they are more difficult to recognise compared to 

distinctive faces which are relatively easier to recognise.  Therefore, as demonstrated 

by Byatt and Rhodes (2004), it may be that other-race faces are perceived as more 

similar because, according to the multidimensional space framework, they are more 

closely clustered in face space. 

Further evidence for the differences in the perceptual mechanisms involved in the 

processing of other-race faces was provided by Rhodes, Hayward, and Winkler 

(2006) who presented White Australian and Hong Kong Chinese participants with 

Chinese and White faces.  The faces were either altered configurally e.g. altering the 

distance between the eyes, or in a component manner e.g. changing the brightness of 

the eyebrows.  Participants viewed an upright or inverted face in the learning stage 

which was followed by a pair of faces at test from which the participant was required 

to decide which one they had previously seen.  The pair of test faces consisted of the 
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study face (from the learning stage) and an altered face (component or featural).  

These experimenters found that participants more readily detected configural and 

component changes in own-race faces compared to other-race faces.  These results 

show that own-race faces are processed in a qualitatively different manner compared 

to other-race faces.  These results were supported by Michel, Caldara, and Rossion 

(2006) and Tanaka et al. (2004) who, in similar face recognition tasks, found that 

Asian faces were processed less holistically than Caucasian faces by Caucasian 

participants.  Michel et al. (2006) asked participants to match whole faces to isolated 

features or to whole faces.  They found that White participants performed better 

when whole faces were matched with whole faces compared to when whole faces 

were matched with isolated features during trials with White faces but not with East 

Asian faces, which was taken as evidence for the existence of holistic processing.  

Michel et al. (2006) inferred that the ORB arose in the White participants because 

White faces were processed holistically whereas East Asian faces were processed 

featurally (by White observers).  This was not the case for the East Asian 

participants because even though they were able to recognise East Asian faces better 

than White faces they performed better when matching whole faces to whole faces 

compared to when they matched whole faces to isolated features for both East Asian 

and White faces.  For this reason, these researchers argue that the increase in holistic 

processing cannot be the sole reason why own-race faces are better matched than 

other-race faces.  This difference is also seen in other common psychological 

illusions, such as the Thatcher Illusion (Thompson, 1980), by Murray (2004) who 

�S�U�H�V�H�Q�W�H�G���&�D�X�F�D�V�L�D�Q���D�Q�G���$�V�L�D�Q���S�D�U�W�L�F�L�S�D�Q�W�V���Z�L�W�K���³�7�K�D�W�F�K�H�U�L�V�H�G�´���R�Z�Q���D�Q�G���R�W�K�H�U-race 

faces.  They f�R�X�Q�G���W�K�D�W���S�D�U�W�L�F�L�S�D�Q�W�V���Z�H�U�H���P�R�U�H���V�H�Q�V�L�W�L�Y�H���W�R���³�7�K�D�W�F�K�H�U�V�L�D�W�L�R�Q�´���R�I���R�Z�Q-

race faces than other-race faces. 
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Chiroro et al. (2008) reported an experiment in which they investigated the ORB.  

Black and White participants from South Africa viewed Black and White faces of 

South African and American origin.  These researchers demonstrated that race is not 

a globally homogenous category, rather, people of the same race in a different 

geographical location can be perceived as different.  An example given by Chiroro et 

al. (2008) is that of Black people. They specify that Black people from Kenya look 

different to Black people from South Africa.  These researchers claim that 

previously, racial groups have been assumed as homogenous in psychological 

experiments.  The findings of their experiment showed that White South African 

participants were better at recognising White South African faces compared to Black 

South African faces, however, there were no differences in their recognition abilities 

for Black and White American faces.  These results illustrate that the ORB is 

�V�S�H�F�L�I�L�F�� �W�R�� �W�K�H�� �J�H�R�J�U�D�S�K�L�F�D�O�� �O�R�F�D�W�L�R�Q�� �R�I�� �W�K�H�� �S�D�U�W�L�F�L�S�D�Q�W�V�� �D�Q�G�� �D�� �³�E�O�D�Q�N�H�W�´�� �U�D�F�H�� �H�I�I�H�F�W��

cannot be inferred.  Their findings are supportive of the suggestion that intergroup 

contact increases perceptual expertise.  Chiroro et al. (2008) argue that the 

�S�R�S�X�O�D�W�L�R�Q���R�I���6�R�X�W�K���$�I�U�L�F�D���K�D�V���D���K�L�V�W�R�U�\���R�I���³�I�R�U�F�H�G���V�H�J�U�H�J�D�W�L�R�Q�´�����W�K�X�V���W�K�H�U�H���K�D�V���E�H�H�Q��

a lack of meaningful contact which has led to a deficit in recognition abilities of the 

other-race.  They propose that contact with the other-race needs to be meaningful.  In 

relation to the experiment reported in this chapter, meaningful contact may refer to 

the quality of contact, in that it refers to close personal contact.  Quantity of contact 

may refer to involuntary contact���� �I�R�U�� �H�[�D�P�S�O�H�� �³�V�H�H�L�Q�J�� �P�D�Q�\�� �S�H�R�S�O�H�� ���R�I�� �W�K�H�� �R�W�K�H�U-

�U�D�F�H���� �L�Q�� �W�K�H�� �Z�R�U�N�S�O�D�F�H�´���� �� �7�K�H�U�H�I�R�U�H���� �W�K�H�� �T�X�D�O�L�W�\�� �R�I�� �F�R�Q�W�D�F�W�� �P�D�\�� �E�H�� �W�K�R�X�J�K�W�� �R�I�� �D�V��

beneficial however, quantity of contact can be thought of as less beneficial.   
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7.1.3 Social Contact and the Own Race Bias 

Work which looks at the relationship between inter-group contact and the ORB has 

produced mixed results.  For example,  MacLin and Malpass (2003) sought to use 

basketball expertise as a measure of contact with Black people.  They used self-

report measures of contact in which participants rated their own expertise with the 

sport of Basketball.  The assumption was that because Basketball players are usually 

Black, hence the people that are basketball experts would be experts at recognising 

Black faces.  This turned out not to be the case as participants that reported high 

expertise in basketball recognised Black faces less accurately compared to 

participants that reported low expertise in basketball.  This implies that either social 

contact does not moderate the own-race bias or that the measure used to quantify 

social contact was not sufficient.   

�,�Q�� �J�H�Q�H�U�D�O���� �L�W�� �V�H�H�P�V�� �W�K�D�W�� �V�R�F�L�D�O�� �F�R�Q�W�D�F�W�� �F�D�Q�� �H�L�W�K�H�U�� �D�I�I�H�F�W�� �D�� �S�H�U�V�R�Q�¶�V�� �D�E�L�O�L�W�\�� �W�R��

discriminate other-race faces and process them more efficiently by perceiving less 

similarity in such faces, or other-race contact affects social categorisation which 

results in the participant to be categorised more favourably.  Either way, social 

contact seems to have a positive effect in reducing the ORB.  Goldstein and Chance 

(1971) proposed that increased contact could reduce the level of perceived 

complexity of the other-race face.  Shepherd and Deregowski (1981) pointed out that 

increased contact may result in less stereotypical responses due to the realisation that 

such attitudes are not useful, thus there is the need to identify more distinguishing 

characteristics.  Finally, Malpass (1990) found that increasing social contact makes it 

more likely that social rewards and punishments are dependent upon correctly 

distinguishing between other-race members. 
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Wright et al. (2001) investigated the ORB in Black (from South Africa) and White 

(from the UK and South Africa) participants.  They employed a typical yes/no 

recognition task in which participants were presented with 30 faces (half Black and 

half White) during the learning stage, and then at the test stage they were presented 

with 60 faces and were required to decide which they had seen before.  The expected 

ORB was observed for White participants, in that they recognised White faces better 

than they did East Asian faces.  However, oddly, Black participants also recognised 

White faces better.  These authors attributed this reverse effect to the fact that Black 

participants were sourced from a college in which there was a high proportion of 

White students.  In support of the Contact Hypothesis, these researchers found that, 

for Black participants, as contact with White people increased, recognition accuracy 

also increased.   

The evidence for the role of Social Contact on the ORB is not limited to Black and 

White people.  Hancock and Rhodes (2008) used a Social Contact Questionnaire, 

similar to that used in the experiment reported in this chapter, to investigate the 

effect of quality and quantity of contact on the ORB in Chinese participants.  

Chinese and Caucasian participants rated a set of faces for distinctiveness during the 

learning stage of a yes/no recognition task.  Then, during the test stage, participants 

were presented with pairs of faces and were required to decide which face in the pair 

they had previously seen.  The faces were either presented upright or inverted in both 

the learning stage and the test stage.  They found that the effect of inversion was 

more apparent for other-race faces compared to own-race faces, and that higher 

levels of contact with the other-race reduced the magnitude of the difference.  They 

found that higher contact with the other-race caused faces to be encoded differently.  

Most importantly, they found that the ORB was reduced as contact with the other-
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race increased.  This, they suggest, is evidence that contact with the other-race makes 

them easier to recognise.  However, as Chiroro and Valentine (1995b) point out, 

contact explained 23.2% of variance in the ORB and they acknowledge that this is a 

small effect.  Meissner and Brigham (2001) also highlight that the effect of contact 

on the ORB is small but consistent.  Why then, is there such emphasis on social 

contact as an explanation of the ORB?  As pointed out by Meissner and Brigham 

(2001), interracial contact accounts for only 2% of variability in the participant 

performance in the sample that they reviewed which consisted of a variety of face 

perception tasks.     

The two previously mentioned studies investigated the ORB in recognition memory.  

Walker and Tanaka (2003) investigated whether the effect existed only on the level 

of recognition memory or whether it was present at the time of encoding.  They 

employed a perceptual discrimination task in which pairs of opposite race faces (hair 

removed) were morphed into one another resulting in different combinations of each.  

For example a Caucasian face was morphed into an East Asian face.  The morphed 

face was a combination of varying proportions of the two parent faces.  That is, it 

was either 10% Caucasian and 90% East Asian (10/90) or 20/80, 30/70 and so on.  

East Asian and Caucasian participants were presented with a face for 1 second 

followed by a mask.  After this, the participants were presented with a face which 

was either the same face or a morphed version and the task was to decide if the face 

was the same or different to the one viewed previously.  Participants also completed 

a Social Experiences Questionnaire (SEQ) which gave the researchers a self-reported 

measure of contact with the other-race.  Walker and Tanaka (2003) found that, both 

Caucasian and East Asian participants were better able to discriminate own-race 

faces compared to other-race faces (based on correct rejections).  However, they did 
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not find a link between contact with the other-race and discrimination ability.  That 

is, contact with the other-race was a not a significant predictor of the ability to 

discriminate the other-race.  The importance of these findings is twofold: firstly, they 

show that the own-race advantage starts at the level of encoding a face, and secondly 

because no link was found between contact with the other-race and performance, 

hence questioning the contact hypothesis, or at the very least the use of SEQs.   

Upon extensive review of the literature it seems that the ORB has been investigated 

using White, East Asian, and Black participants, yet, little research has investigated 

the ORB for South Asian participants.  Meissner and Brigham (2001), in their meta-

analysis of the ORB, report that the vast majority (88%) of samples used were either 

White or Black, with only a few studies employing other-races.  The next section 

will look specifically at the work which employed South Asian participants.    

7.1.4 Own Race Bias for South Asians in the UK �± Purely Perceptual 

It seems that all the research looking at the ORB in South Asian participants was 

done by Walker and Hewstone.  Only White participants took part in the experiments 

by Walker and Hewstone (2006a).  They were 55 primary school children (7-11 

years), 31 secondary school children (12-15 years), and 99 university students.  A 

similar procedure to Walker and Tanaka (2002) was employed in which a perceptual 

discrimination task was conducted.   Stimuli were created using parent South Asian 

and White faces, and the morphed versions of the two parents faces consisted of the 

same proportions i.e. 10/90, 20/80 and so on.  Participants were presented with a face 

to learn for 1 second followed by a mask.  Then at test, a face was presented which 

was either the same face or a morphed version of the face.  The participant was 

required to decide if the face was the same or different to the one seen previously.  

This was repeated for a total of 160 trials, half of which were the same and the other 
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half were different.  Following this, participants completed a questionnaire which 

assessed intergroup anxiety, social contact, individuating contact, and quality of 

contact with the other-race. The results showed that the participants (all White) were 

better at discriminating own-race faces compared to other-race faces regardless of 

the age group.  None of the measures used in the questionnaire were found to be 

correlated with discrimination accuracy.  Thus, intergroup anxiety, social contact, 

individuating contact, and quality of contact with South Asian people did not predict 

discrimination accuracy.  These findings are relevant because they failed to find a 

link between self reported levels of contact with South Asian people and 

discrimination ability of South Asian faces.   

Although Walker and Hewstone (2006a) was useful due to its insight into the 

developmental basis of the ORB, one of its drawbacks was that only White 

participants were used.  In another study by Walker and Hewstone (2006b) both 

South Asian and White participants were used as observers.  Participants were aged 

�E�H�W�Z�H�H�Q�� ������ �D�Q�G�� ������ �\�H�D�U�V�� �D�Q�G�� �Z�H�U�H�� �I�U�R�P�� �D�� �³�U�D�F�L�D�O�O�\�� �V�H�J�U�H�J�D�W�H�G�� �F�R�P�P�X�Q�L�W�\�´�� �L�Q��

England.  The same methods as in the previous experiments were used and the 

Social Contact Questionnaire investigated quantity of experience with the other-race 

and individuating experience.  Participants viewed the study face for 750ms followed 

by a mask for 1 second.  As in the previous experiment, participants then viewed 

either the same face or a morphed version, and were required to decide which face 

they had previously seen.  An ORB was found for White participants, in which the 

White participants were better at discriminating White faces compared to South 

Asian participants.  However, South Asian participants were not better at 

discriminating South Asian faces compared to White faces.  Regression analysis 

showed that quantity of contact and individuating experience with South Asian 
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people predicted discrimination accuracy.  The authors claim that this explains 

42.9% of variance in performance on the two types of face (South Asian & White), 

however upon closer inspection it can be seen that this is not as surprising as it 

originally seems.  White participants performed at a level of 46.28% (hits) on the 

recognition of White faces and 39.27% (hits) on the recognition of South Asian 

faces.  Thus, it is 42.9% of difference between the White faces (46.28%) and South 

Asian faces (39.27%) and not 42.9% of overall performance.  In later research, 

Walker and Hewstone (2008) conducted similar experiments with South Asian and 

White adults.  They conducted the same perceptual discrimination task, but this time 

Black faces were also included.  Participants again completed a social experiences 

questionnaire, and they also completed an Implicit Association Test for Black, South 

Asian, and White faces.  White participants performed better for White faces 

compared to South Asian faces and South Asian participants performed better for 

South Asian faces compared to White faces, thus finding an ORB for both South 

Asian and White participants.  Furthermore, for White participants, individuating 

experience with South Asians significantly predicted discrimination of South Asian 

faces.  The same was true for South Asian participants, individuating experience 

with White people significantly predicted discrimination of White faces.  They found 

no relationship between implicit bias and the ORB; however, implicit bias was 

correlated with various measures of social contact.  The questionnaire used in the 

experiment reported in this chapter was adapted from Walker and Hewstone (2008), 

so for comparison purposes, individuating experience can be thought of as the 

quality contact with the other-race.  In addition to this, no correlations were found 

between social contact (quantity of contact) and discrimination ability.  From these 



222 
 

results it seems that White participants exhibit an ORB in their discrimination of 

White and South Asian faces.   

The three key differences between the previous research (Walker & Hewstone, 

2006a, 2006b) and the experiment reported in this chapter were that firstly, only 

adult participants were used in this experiment whereas the participants in the 

Walker and Hewstone (2006a, 2006b) were from a range of different age groups.  

Furthermore, the experiment reported in this chapter investigated the ORB on the 

level of recognition memory but, Walker and Hewstone (2006a, 2006b) investigated 

the bias on a perceptual level.  Finally, in the experiment reported in this chapter, 

participants were only exposed to South Asian faces whereas in Walker and 

Hewstone (2006a, 2006b) both White and South Asian faces were used.  

Furthermore, as previously mentioned, participants were recruited from two different 

cities in which there was a varying proportion of South Asians in the population.  In 

the first city, Manchester, 10.3% of the population are from a South Asian origin 

(Office for National Statistics, 2001), whereas in the second city, Bradford, the 

population that were from a South Asian origin is 26.1%.    

7.1.5 Social Contact and the Relationship with Headscarf-Wearing Faces 

As mentioned previously, because the Contact Hypothesis (Allport, 1954) is 

sometimes used to explain the ORB, it seems like a plausible idea to explore the 

hypothesis with headscarf-wearing faces.  Due to the novel nature of the 

experimental topic, in the experiment reported in this chapter, the effect of social 

contact on headscarf-wearing faces was also investigated.  Megreya and Bindemann 

(2009) investigated the effect of the Muslim headscarf on face perception using a 

matching task.  They found that participants in Egypt relied more on internal features 

of a face compared to external features.  Megreya and Bindemann (2009) claimed 
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that the reason for this was because people in Egypt were more accustomed to seeing 

other people whose hair was covered.  However, these claims were not quantified by 

any measure.  In the experiment reported in this chapter, contact with headscarf-

wearing faces was correlated with the recognition of headscarf-wearing faces.  From 

the findings reported by Megreya and Bindemann (2009) it is predicted that 

participants that have more contact with headscarf-wearing females will perform 

significantly better at the recognition of such faces.  Furthermore, as reported in 

Chapter 6, if headscarf-wearing faces are perceived as being more similar to each 

other when compared to faces with hair, then as contact increases this perceived 

homogeneity may decrease, thus resulting in better recognition of these faces.  

7.1.6 Independent Groups Design 

Previously, in chapters 3 and 4, it was found that in a repeated-measures design 

when the state of the stimuli was kept constant between the learning and test stage 

there was no difference in the performance on faces with hair and faces without hair 

(both headscarf and cropped face).  This finding was inconsistent with that which 

was obtained by Lewin and Herlitz (2002) who found that, when the state of the 

stimuli was kept constant between learning and test, participants performed better 

when they viewed faces with hair than when they viewed faces without hair.  One of 

the observed differences between the experiments reported in Chapters 3 and 4, and 

those in Lewin and Herlitz (2002) was the blocking which was used.  Lewin and 

Herlitz (2002) used an independent groups design whereas the experiments in 

Chapters 3 and 4 employed a repeated-measures design.  For this reason, the 

experiment reported in this chapter is important because participants were blocked in 

the same manner as those in Lewin and Herlitz (2002).   
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7.2 Methods 

7.2.1 Participants 

A total of 159 participants (mean age = 22.01 years, SD = 5.24) took part in this 

experiment, of whom 79 were recruited from Bradford (mean age = 23.96 years, SD 

= 6.51) and 80 were recruited from Manchester (mean age = 20.09 years, SD = 

2.33).  In Bradford there was a total of 20 South Asian males (mean age = 20.85 

years, SD = 3.18), 20 White males (mean age = 27.65 years, SD = 8.54), 18 South 

Asian females (mean age = 29.78 years, SD = 1.26), and 21 White females (mean 

age = 26.14 years, SD = 6.91).  In Manchester there was a total of 21 South Asian 

males (mean age = 20.85 years, SD = 3.24), 19 White males (mean age = 19.78 

years, SD = 1.06), 20 South Asian female (mean age = 19.28 years, SD = 0.67), 20 

White females (mean age = 20.20 years, SD = 2.93).  Participants in Bradford were 

recruited using an opportunity sample from the University of Bradford.  However, 

the participants in Manchester with either enrolled on the Psychology course at the 

University of Manchester and they received course credit for their participation or 

were recruited using an opportunity sample.         

7.2.2 Stimuli  

The stimuli that were used were the same as in the previous experiments (headscarf 

and hair).  Participants were also given a Social Contact Questionnaire to asses the 

quality and quantity of contact with South Asian people, White people, and 

headscarf-wearing females (Appendix H).  Stimuli were displayed on a HP laptop 

(G62-A45SA) on which the screen size was set at 1360pixels x 768pixels with a 

screen refresh rate of 60Hz.     
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7.2.3 Social Contact Questionnaire 

The questionnaire that was used was an adapted version of the one used by Walker 

and Hewstone (2008).  The original questionnaire was revised by removing 

irrelevant questions and adding new questions.  Furthermore, contact with headscarf 

wearing females was added.  The revised version of the questionnaire was trialled on 

students and academics to ensure that the questions were appropriate.  Following 

this, a new version of the questionnaire was formulated and used in the experiment 

reported in this chapter. 

7.2.4 Design 

An independent groups design was used in which participants were divided in terms 

of Gender (male or female), Race (South Asian or White), Location (Manchester or 

Bradford), and Condition (headscarf or hair).  Unlike previous experiments, none of 

the participants took part in the Switch conditions.   That is, all participants viewed 

the target stimuli in the test stage as they were in the learning stage.  For example, if 

stimulus face A was viewed with a headscarf in the learning stage, then it was 

viewed with a headscarf in the test stage.  Additionally, participants only viewed 

faces with a headscarf or faces with hair (not both).  Therefore, participants in the 

Hair condition saw 12 faces with hair in the learning stage and the same 12 faces 

with 12 distracters in the test stage which were also all presented with hair.  

Participants in the Headscarf condition saw 12 faces with a headscarf in the learning 

stage and the same 12 faces with 12 distracters in the test stage which were all 

presented with a headscarf. 

7.2.5 Procedure 

Participants took part in one of two conditions, the Headscarf or the Hair condition.  

Accordingly, participants viewed 12 faces in the learning stage, followed by a two 
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minute distracter task (word search), and then in the test stage they viewed 24 faces 

were required to state which they had seen previously.  Following this, participants 

completed the Social Contact Questionnaire.  Participants were advised that their 

questionnaire responses would be kept confidential and were asked to respond as 

honestly as possible.   

7.3 Results 

7.3.1 Sensitivity Data (�G�¶�� 

�3�D�U�W�L�F�L�S�D�Q�W�V�¶���K�L�W���D�Q�G���I�D�O�V�H���D�O�D�U�P���U�D�W�H�V���Z�H�U�H���F�R�P�E�L�Q�H�G���W�R���F�D�O�F�X�O�D�W�H���D���G�¶ score (as with 

previous experiments).  These �G�¶ scores were put into a four-way independent groups 

ANOVA in which the variables were Race (South Asian or White), Gender (male or 

female), Condition (hair or headscarf), and Location (Bradford or Manchester).  A 

�0�D�L�Q���H�I�I�H�F�W���R�I���&�R�Q�G�L�W�L�R�Q�����)��������������������� �������������������S����������������������p² = .083) was observed.  

�$���5�D�F�H���[���/�R�F�D�W�L�R�Q���L�Q�W�H�U�D�F�W�L�R�Q���Z�D�V���D�O�V�R���R�E�V�H�U�Y�H�G�����)��������������������� �����������������S��� ������������������p² 

= .027).  A Location x Condition x Race interaction was also observed (F (1, 143) = 

�������������� �S�� � �� �������������� ��p² = .031).  As the Location x Condition x Race interaction 

encompasses the other two effects, it was the only one for which simple effects 

analyses were conducted.   

A total of 7 planned independent t-tests were conducted which were based on the 

hypothesis of the experiment.  Using the Bonferonni correction, a new alpha 

significance value of 0.00715 (3 significant figures) was calculated.  Firstly, it was 

found that there was no difference between South Asian and White participants in 

Bradford in the Hair condition (t (38) = 2.84, p > 0.00715).  This null difference was 

also present between South Asian and White participants in Manchester in the Hair 

condition (t (38) = 2.02, p > 0.05).  It was also found that there was no difference 
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between White participants in the Headscarf and Hair condition in Bradford (t (39) = 

1.60, p > 0.05) and in Manchester (t (37) = 2.07, p > 0.00715).  However, it was 

found that South Asian participants in Bradford performed significantly better in the 

Hair condition than in the Headscarf condition (t (36) = 4.461, p < 0.001).   Finally, 

the difference between Bradford and Manchester participants was investigated in the 

Hair condition and it was found that South Asian participants performed better in 

Bradford than in Manchester (t (38) = 3.86, p < 0.001).  In short, only two 

differences were found, South Asian participants in Bradford performed better in the 

Hair condition than in the Headscarf condition and South Asian participants in the 

Hair condition in Bradford performed better than those in Manchester.  These 

differences are shown in Figure 7.2.  The expected ORB was not found on measures 

of sensitivity, however, some past research has found that the ORB exists when 

analysis of False Alarms is conducted rather than �G�¶ (Slone et al., 2000).  For this 

reason, the next set of analyses used false alarm rates.        
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Figure 7.2 �± Participant sensitivity data split by Location, Race, and Experiment.  
Error bars represent Standard Error. 

7.3.2 False Alarm Rates (FA) 

As with the �G�¶ score analysis, the FA rates were put into a four-way independent 

groups ANOVA in which the variables were Race (South Asian or White), Gender 

(male or female), Condition (Hair or Headscarf), and Location (Bradford or 

�0�D�Q�F�K�H�V�W�H�U���������$���P�D�L�Q���H�I�I�H�F�W���R�I���5�D�F�H���Z�D�V���R�E�V�H�U�Y�H�G�����)��������������������� ���������������S��� ������������������p² 

= 0.035), which will not be discussed further as the Race was also involved in an 

�L�Q�W�H�U�D�F�W�L�R�Q�� �Z�L�W�K�� �/�R�F�D�W�L�R�Q�� ���)�� �������� ���������� � �� �������������� �S�� ���� �������������� ��p² = 0.09).  A series of 

independent t-tests were conducted to explore the nature of the interaction.  For this 

reason, a new alpha significance value of 0.0125 (3s.f.) was calculated (4 t-tests).  

The first two t-tests investigated the difference between South Asian and White 

participants in Bradford and Manchester.  It was found that South Asian participants 

in Bradford had significantly fewer false alarms than White participants in Bradford 
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(t (77) = 4.14, p< 0.001), however this difference was not replicated in Manchester (t 

(78) = 1.03, p > 0.05).  The next two t-tests found that there was no significant 

difference between White participants in Bradford compared to White participants in 

Manchester (t (78) = 1.54, p > 0.05), but South Asian participants in Bradford had 

significantly fewer false alarms than  South Asian participants in Manchester (t 

(67.226) = 3.98, p < 0.001).  That is, an ORB was observed in Bradford but not in 

Manchester, and this ORB was driven by South Asian participants performing worse 

in Manchester than in Bradford and not due to difference in the performance of 

White participants between the two locations.    

7.3.3 Social Contact Questionnaire Responses 

A problem with using self-reported levels of intergroup contact is the level of 

subjectivity that may be involved (or response bias).  For example, say participants 

in Bradford are generally more sociable so they have more contact with people 

overall (South Asian, White, or headscarf-wearing) then they will have higher 

�F�R�Q�W�D�F�W�� �V�F�R�U�H�V���� �7�R�� �P�L�Q�L�P�L�V�H�� �W�K�H�� �H�I�I�H�F�W�� �R�I�� �W�K�L�V�� �U�H�V�S�R�Q�V�H�� �E�L�D�V���� �H�D�F�K�� �S�D�U�W�L�F�L�S�D�Q�W�¶�V��

contact score with South Asians and headscarf-wearing females was relative to their 

contact with White people.  Therefore, for each participant, the following calculation 

was used:  

Relative contact with South Asian people = contact with South Asian people 

�± contact with White people, and  

Relative contact with headscarf-wearing females = contact with headscarf-

wearing females �± contact with White people.   

These relative scores were then correlated with false alarm rates.  The internal 

�F�R�Q�V�L�V�W�H�Q�F�\���R�I���W�K�H���T�X�H�V�W�L�R�Q�Q�D�L�U�H���Z�D�V���P�H�D�V�X�U�H�G���X�V�L�Q�J���&�U�R�Q�E�D�F�K�¶�V���D�O�S�K�D�������7�K�H���V�F�R�U�H�V��
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were very high both in Bradford (Hair = 0.92, and Headscarf = 0.92) and in 

Manchester (Hair = 0.91, and Headscarf = 0.90).   

The difference between contact with South Asian and headscarf-wearing women 

between Manchester and Bradford was explored. Using a MANOVA, Race (South 

Asian or White) and Location (Bradford or Manchester) were entered as the 

independent variable and the Type of Contact (quality of contact with South Asian 

people, quality of contact with headscarf-wearing females, quantity of contact with 

South Asian people, and the quantity of contact with headscarf-wearing females) was 

entered as the dependent variable.  A main effect of Location was observed for the 

relative quality of contact with headscarf-wearing females (F (1, 155) = 8.97, p = 

�������������� ��p² = 0.06) and for the relative quantity of contact with headscarf-wearing 

�I�H�P�D�O�H�V�� ���)�� �������� ���������� � �� ������������ �S�� � �� �������������� ��p² = 0.05).   The main effect showed that 

participants in Bradford had higher relative contact with headscarf-wearing females 

than participants in Manchester.  A main effect of Race was also observed for all of 

the four measures of intergroup contact (quality of contact with South Asian people 

���)�� �������� ���������� � �� ���������������� �S�� ���� �������������� ��p² = 0.78), quantity of contact with South Asian 

�S�H�R�S�O�H�����)��������������������� �����������������S����������������������p² = 0.33, quality of contact with headscarf-

�Z�H�D�U�L�Q�J�� �I�H�P�D�O�H�V�� ���)�� �������� ���������� ���������������� �S������ �������������� ��p² = 0.70), and quantity of contact 

with headscarf-�Z�H�D�U�L�Q�J���I�H�P�D�O�H�V�����)��������������������� �����������������S����������������������p² = 0.36)).  For all 

four measures of contact, South Asian participants had more contact than White 

participants.   

7.3.4 Social Contact and the Relationship with False Alarm Rates 

Initially some exploratory correlations were conducted to look at where the most 

informative relationship could be found and how the data should be split.  These 

preliminary analyses correlated �G�¶��with quality/quantity/total contact with headscarf-
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wearing females, South Asian, and White people (note: these analyses were done 

with actual contact not relative contact).  However, after extensive analysis it was 

decided that the data would be split by Location and Condition (the exploratory 

correlation analyses are shown in Appendix I).  The reason for this was that the aims 

of the experiment were to understand the role of intergroup contact, therefore, 

performance in the Hair condition needed to be correlated with contact with South 

Asians because the stimulus faces were most likely to be labelled South Asian than 

anything else, however, contact with headscarf wearers only needed to be correlated 

with performance in the Headscarf condition, because stimulus faces in this 

condition were most likely to be labelled as headscarf wearers.  The reason for 

splitting the data by location was again due to the aims of the experiment.  It was 

thought that, due to the difference in the ethnic makeup of the populations of 

Bradford and Manchester, there would be a difference in performance.  

First, two multiple regression analyses (using the stepwise method) were conducted 

to assess the contribution of the relative quality and quantity of contact with South 

Asian people to the false alarm rates in the Hair condition in both Bradford and 

Manchester.  No effect was found in Manchester, however, for participants in 

Bradford the ANOVA model was significant (F (1, 38) = 23.86, p < 0.001) in that 

the relative quality of contact with South Asian people was a significant predictor (t 

(38) = 4.88, p < 0.001) of performance in the Hair condition (shown in Figure 7.3).   
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Figure 7.3 - Scatter plot showing the relationship between relative quality of contact 
with South Asians and False Alarm rates for participants in Bradford (significant 
correlation). 

The model explained 38.6% of sample variance.  That is, 38.6% of the variance in 

performance was explained by the relative quality of contact with South Asian 

people.  Next, two further multiple regression analyses were conducted to look at the 

contribution of the relative quality and quantity of contact with headscarf-wearing 

females to the false alarm rates in the Headscarf condition in both Bradford and 

Manchester.  Again, no effects were found for the participants in Manchester, but for 

the Bradford participants the ANOVA model was significant (F (1, 37) = 7.08, p = 

0.01) which explained 12.1% of sample variance (as shown in Figure 7.4).  
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Figure 7.4 - Scatter plot showing the relationship between relative quality of contact 
with Headscarf-wearing females and False Alarm rates for participants in Bradford 
(significant correlation). 

The model showed that the relative quality of contact with headscarf-wearing 

females was a significant predictor (t (37) = 2.67, p = 0.01) of performance.  That is, 

12.1% of the variance with the sample of participants that took part in the Headscarf 

condition was explained by relative contact with headscarf-wearing females.   These 

two models are summarised in Table 7.1.  

Table 7.1 �±Summary of the significant models (Bradford sample). 
  Unstanderdised 

Coefficients 
Standardised 

Beta 
B SE 

 
Model 1* 

Constant 14.702 1.431  
Quality of Contact  -.180 .037 -.621 

 
Model 2** 

Constant 18.905 2.286  
Quality of Contact  -.151 .057 -.401 

* Location: Bradford, Condition: Hair, predictor variable: relative quality of contact 
with South Asians, r2 = .386. 

** Location: Bradford, Condition: Headscarf, predictor variable: relative quality of 
contact with headscarf-wearing females, r2 = .121 
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7.4 Discussion 

The aims of the experiment reported in this chapter were fourfold.  Firstly, to 

investigate whether the lack of difference between headscarf and hair stimuli 

reported in the experiment in Chapter 3 was due to the manner in which the trials 

were blocked.  Secondly, the aim was to understand whether the population from 

which the participants were sampled (high/low proportion of South Asians) affects 

their ability to recognise faces from only the internal features.  Thirdly, to establish 

whether a quantitative measure of contact with headscarf-wearing faces (Social 

Contact Questionnaire) can predict performance when recognising such faces.  

Finally, the ORB was investigated on the level of recognition memory for South 

Asian faces.  It was found that there was small but statistically significant difference 

between the participants who took part in the Hair condition and those who took part 

in the Headscarf condition.  Next it was found that there was no difference between 

participants in Manchester and Bradford in their recognition of headscarf-wearing 

faces.  It was also found that for the participants in Bradford, contact with headscarf-

wearing females was a significant predictor of performance for the participants in the 

Headscarf condition.  Finally, it was found that for the participants in Bradford, 

contact with South Asians was a significant predictor of performance in the Hair 

condition.        

7.4.1 Independent Groups and Repeated Measures Design 

It was found that participants that took part in the condition in which they viewed 

faces with hair performed significantly better than those participants who took part in 

the condition in which they viewed stimuli with a headscarf.  This was contrary to 

the findings of the experiment reported in Chapter 3 which found that participants 

performed equally well whether they were presented with headscarf or hair stimuli.  
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The findings of the experiment reported in this chapter support those obtained by 

Lewin and Herlitz (2002)who also found that participants performed better in the 

presence than in the absence of hair.  The presence of the effect in one experimental 

setup (between-subjects design) and not in the other (within-subjects design) 

highlights the volatility of the effect.  This was emphasised by the magnitude of the 

effect size which was calculated in this experiment.  It was found that the effect size 

of the d�L�I�I�H�U�H�Q�F�H�� �Z�D�V�� ������������ ����p²), which is a weak effect and thus needs to be 

considered as such.  Another explanation for the difference to be seen in the 

experiment reported in this chapter but not in Chapter 3 may be due to the sample 

size which was used.  One of the benefits of using a within-subjects design is that 

fewer participants are required because each of them takes part in all the 

experimental manipulations.  Therefore, in a between-subjects design more 

participants are needed.  For this reason, as the number of participants increases, the 

likelihood of finding an effect also increases.  This may be one explanation for why 

an effect was found when using a between-subjects design and why the effect size 

was so small.  Another, more speculative, explanation for the existence of the effect 

in the between-subjects design but not in a within-subjects design was the 

consistency of the stimuli that were viewed by the participants.  In the between-

subjects design participants in the Hair condition always saw faces with hair so they 

may have used hair as a cue for learning and recognition.  Contrary to this, 

participants in the Headscarf condition did not have hair to use as a cue so they only 

used the internal features as a cue for learning and recognition.  Therefore, the 

participants in the Hair condition may have had more cues for recognition than those 

in the Headscarf condition so they performed better.  However, in the within-subjects 

design, participants saw a mixture of faces, half of them with a headscarf and half of 
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them with hair.  For this reason, instead of using the hair as a cue when they are able 

to, the participants adopted a blanket mechanism in which they always ignored hair 

and concentrated on the features which were consistent across all the faces (the 

internal features).  One method of assessing whether this speculative explanation is 

correct would be to conduct an eye-tracking experiment (as in Chapter 5) but block 

the trials in a between-subjects design. 

7.4.2 The Effect of Location (Bradford and Manchester) 

One of the potential criticisms of the experiment reported in Chapter 3 was that 

participants were recruited from Bradford, a city with a high proportion people from 

a South Asian origin, therefore, it may have been that no difference was observed 

between performance on headscarf-wearing faces compared to faces with hair 

because participants were accustomed to seeing faces with hair covered.  For this 

reason they may have become used to recognising faces from only the internal 

features.  Momentarily, if it is assumed that contact with South Asians or headscarf-

wearing females was not measured (as discussed in the next section), then it would 

be expected that, as there are probably more headscarf-wearing females in Bradford 

than Manchester, participants in Manchester would respond differently to headscarf 

and hair faces compared to participants in Bradford.  This turned out not to be the 

case as there was no significant interaction between Location and Condition.  This 

shows that there was no difference between the recognition of headscarf and hair 

faces in Bradford compared to Manchester.   

7.4.3 The Relationship between Social Contact and Performance 

When the participant false alarm rates were correlated with social contact it was 

found that for participants in Bradford, as the quality of contact with South Asian 

people increased, the rate of false alarms in the Hair condition decreased.  
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Furthermore, it was found that, for participants in Bradford, as the quality of contact 

with headscarf-wearing females increased, the false alarm rates in the Headscarf 

condition decreased.  These findings support Chiroro et al. (2008) because they 

recommended that contact needs to be meaningful which is what was found in the 

experiment reported in this experiment (i.e. the quality of contact).  The findings 

from the experiment reported in this chapter are new for two reasons, firstly, it is the 

first piece of research to establish a link between social contact and the ORB in the 

recognition of South Asian faces.  Secondly, it was found that contact with 

headscarf-wearing females aided recognition performance.  This confirms that 

findings of the experiment by Megreya and Bindemann (2009) who found that 

participants in Egypt performed better with only internal features compared to 

participants in the United Kingdom.  They attributed this difference to the fact that 

participants in Egypt were more often required to recognise faces using only the 

internal features.  Although this is a plausible explanation, they did not use a 

measure of contact and for this reason they were not able to come to a definitive 

conclusion.  Although novel findings were made in the experiment reported in this 

chapter, there are some concerns that need to be addressed.  Intergroup-contact 

predicted performance (headscarf/hair) only in Bradford participants but not in 

Manchester participants.  This raises the issue of whether the questionnaire that was 

used was an effective measure of contact.  Firstly, there was no distinction made 

between positive and negative contact, which may have been a contributing factor to 

the lack of effect in Manchester.  It may have been that participants in Manchester 

had the same rate of contact with South Asians but the contact was negative, which 

led to a negative attitude which in turn led to an increase in false alarms.  In further 

research, this needs to be addressed and the questions on the Social Contact 
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Questionnaire need to be address the difference between positive and negative group 

interactions. Another possible explanation for a difference to exist in Bradford 

between South Asian and White participants but not in Manchester may be due to the 

level of segregation between communities in the two cities.  Walker and Hewstone 

(2006b) found that for participants from racially segregated communities there was a 

relationship between intergroup contact and the ORB.  However, Walker and 

Hewstone (2006a, 2008) may not have found a relationship between intergroup 

contact and the ORB because they used participants from, what can only be assumed 

as, non segregated communites.  This assumption is made because in Walker and 

Hewstone (2006b) the authors specfically mention that participants were recruited 

from racially segregated communites whereas they do not mention this in the other 

two studies (Walker & Hewstone, 2006a, 2008).  From this, it can be inferred that 

participants in Bradford may come from more of a racially segregated background 

compared to those in Manchester.  Further work should be conducted on this topic 

before any conclusions can be reached.   

It is acknowledged that there are some differences in the way in which the 

experiment reported in this chapter was conducted compared to other experiments.  

In other experiments the stimuli that were used were from two or more races.  Then 

the ORB was measured on the basis of the difference between performance on own-

race faces and other-race faces.  However, in the experiment reported in this chapter, 

participants only viewed South Asian faces and performance was compared between 

South Asian and White participants.  Thus, previously, it seems, the ORB was 

measured on a within-participants basis whereas the experiment reported in this 

chapter investigated the ORB on a between-participants basis.  This may have been a 

reason why an ORB was not found on measures of sensitivity.  In an improved 
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version of the experiment both White and South Asian stimuli would be used.  This 

would enable a comparison to be made between previous experiments.         

A further issue with the questionnaire that was used in this experiment was the 

measure of contact with headscarf-wearing females and South Asian people. Not all 

Muslims are South Asian, and not all South Asians are Muslim, however, in the 

context of the cities of Bradford and Manchester, most of the Muslims are South 

Asian looking (Arab/South Asian).  Thus, the measures of contact with South Asians 

and headscarf-wearing females were highly correlated.  This may have created a 

potential confound.     

7.4.4 Replication of the ORB for South Asian Faces 

The expected ORB in recognition memory was found during the experiment reported 

in this chapter.  South Asian participants in Bradford had fewer false alarms when 

recognising South Asian faces compared to White participants.  These findings were 

novel as the ORB has not been shown using South Asian participants in recognition 

memory.  However, the fact that the ORB was only found only in those participants 

who were from Bradford and not participants from Manchester needs to be explored 

further.  An intuitive explanation for this finding would be that, however unlikely it 

may sound, White participants in Manchester somehow had more beneficial contact 

(either in the form of positive contact or closer relationships) with South Asian 

people compared to White participants in Bradford, however, this turned out not to 

be the case for two reasons.  Firstly, there was no difference between quality or 

quantity of contact with South Asian people in Bradford and in Manchester.  That is, 

people in Bradford had the same level of contact with South Asian people as those in 

Manchester.  Secondly, the lack of difference in Manchester was due to South Asian 

people performing worse in Manchester than in Bradford, not because of a difference 
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between the performance of White participants in Manchester than in Bradford.  

Therefore, the question to be asked is why South Asian participants in Manchester 

would be worse at recognising South Asian faces than those in Bradford.  Ma, Yang, 

and Han (2011) found that during a perceptual discrimination task in which 

participants were required to categorise own and other-race faces, own-race faces 

were categorised better than other-race faces.  However, they found that by 

experimentally inducing negative attitudes about the own-race this effect 

disappeared.  This might explain why South Asian participants would be worse at 

recognising faces in Manchester than in Bradford.  One possibility may be that 

participants in Manchester have more of a negative view about their own-race.  This 

was not measured and could be measured by checking implicit attitude towards 

own/other race, or by dividing the type of contact into positive and negative contact.  

7.4.5 Conclusions 

It was found that, when the experimental design was changed from a within-subjects 

design to a between-subjects design, participants performed better when faces were 

presented with hair compared to the condition in which faces were presented with a 

headscarf.  As mentioned previously, this was a weak effect which was able to 

explain why the findings from Chapters 3 and 4 were different to those obtained by 

Lewin and Herlitz (2002).  Due to the fragile nature of the effect that was found here. 

the validity of the findings obtained in the experiments reported in Chapters 3, 4, and 

5 is not reduced in any way.  In addition to this, a potential criticism of the 

experiments reported in Chapter 3 could have been that participants performed as 

they did because of the population from which they were sampled.  This criticism 

was not confirmed as no difference was found between participants in Bradford and 

those in Manchester.  Finally, the results of the experiment reported in this chapter 
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demonstrate that, in some situations, social contact can increase recognition memory 

of South Asian and headscarf-wearing faces, however, further work is needed to 

understand the nature of such beneficial interactions. 
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Chapter 8 �± General Conclusions and Future Work 

Throughout this thesis the experiments that have been discussed have aimed to 

address the central question of whether the Muslim headscarf affects face perception.  

This was done by employing a yes/no recognition paradigm using a variety of 

different experimental setups.  In addition to this, a similarity perception experiment 

was reported in which participants rated the similarity of the internal features 

between pairs of faces.  The thesis illustrated how the research progressed from Pilot 

Study One to the experiment which was reported in Chapter 7.  This final chapter 

will focus on bringing together the findings from all of the experimental chapters and 

summarising them.  Following this, some issues with regards to the methods will be 

discussed and suggestions will be made about how these issues can be addressed in 

future work. 

8.1 Summary of all the Experiments 

The thesis was started by reporting Pilot Study One in Chapter 2 which was the first 

experiment conducted in this research project.  The aims of the Pilot Study were to 

ensure that the stimuli, which were produced specifically for the experiments in this 

thesis, were suitable for use in a yes/no recognition task.  The time given to 

participants during the learning and test stage was also trialled in this Pilot Study 

because, although they were based on previous literature, without conducting the 

experiments using the specific stimuli and taking participants from the population 

from the sample that was going to be used in the actual experiments there was no 

way of telling whether ceiling or floor effects would be found.  Initially, when 

analysing the data for this Pilot Study, it looked as if there was no difference 

between the recognition of headscarf and hair faces.  However, upon reviewing the 

experimental setup of Pilot Study One it was apparent that there were some aspects 
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which could be improved.  For example, the learning time may not have been 

optimum for performance, participants could progress in the test stage without 

responding, and there was no control over the distracter task.  These issues were 

addressed in Pilot Study Two. 

Pilot Study Two involved conducting the same experiment as the one reported in 

Pilot Study One but addressed the methodological flaws that are highlighted above.  

Despite addressing these issues, there was no difference in the recognition of 

headscarf and hair faces.  Upon reviewing the literature it seemed like an effect 

would be observed due to evidence from Ellis et al. (1979), Wright and Sladden 

(2003), and Lewin and Herlitz (2002) which showed that hair was important in the 

recognition of unfamiliar faces.   

The literature was then reviewed once again in more detail with a view to understand 

why a difference was not being observed in the Pilot Experiments but one was found 

in previous research (Ellis et al., 1979; Lewin & Herlitz, 2002; Wright & Sladden, 

2003).  It transpired that the previous research had not conducted all the necessary 

conditions which were needed to explore the effect fully.  Therefore in Chapter 3 

the holistic nature of face recognition was explored.  The experimental setup was 

adjusted so that the learning times were more like those which were used in previous 

research.  Again, initially it was found that, when the state of the external features 

remained the same between the learning stage and the test stage (Same), there was no 

difference in the recognition of headscarf and hair faces.  However, when the 

external features changed from the learning to the test stage (Switch), from headscarf 

to hair or hair to headscarf then there was a significant drop in performance 

compared to when the external features remained the same.  This provided an 

explanation for why the results that were being obtained in Pilot Study One and Pilot 
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Study Two seemed to be incompatible with the results obtained by Ellis et al. (1979) 

and Lewin and Herlitz (2002).  In addition to this, the results of the experiment 

reported in Chapter 3 provided further support for the holistic nature of face 

processing.  It showed that the internal and external features are processed 

interactively and when they are taken apart then recognition becomes difficult.  

However, in order to make the results of the experiment reported in Chapter 3 

comparable to Ellis et al. (1979) and Lewin and Herlitz (2002), the stimuli needed to 

be changed.  One explanation for the results obtained in Chapter 3 was that such an 

effect was only found because headscarf stimuli were used.  To eliminate this 

possibility the experiment in Chapter 4 cropped stimuli were used in addition to 

headscarf and hair stimuli.   

Therefore, in Chapter 4, participants took part in one of three conditions.  They 

either viewed hair or cropped stimuli in the learning stage, whose external features 

remained the same between the learning and test stage, or, they viewed hair and 

cropped stimuli whose external features were switched to hair/cropped from the 

learning to the test stage.  Additionally, a third group of participants took part in a 

condition in which none of the stimuli were shown with hair.  That is, participants 

saw headscarf and cropped stimuli in the learning stage which were switched to 

headscarf/cropped in the test stage.  It was found that the results from Chapter 3 were 

replicated in that there was no difference in the recognition of faces presented with 

hair and those presented without hair (headscarf in Chapter 3 and cropped in Chapter 

4).  Furthermore, as in the previous chapter, performance levels were worse in the 

condition in which the stimuli switched compared to when they remained the same.  

Broadly speaking, the participants who viewed cropped and headscarf stimuli switch 

from learning to test did not differ to those participants who viewed hair and 
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cropped stimuli switch between the learning and test stage, however, they did differ 

to those participants for whom the stimuli remained the same between the learning 

and test stage.  This showed that the difference between the conditions in which the 

stimuli remained the same and those in which they were switched was not due to the 

importance of hair, rather, the consistency of the of information at learning and test 

was more important than the presence or absence of hair.  Therefore, it was 

concluded that hair is only beneficial for recognition when a face is learnt with hair, 

however, when a face is learnt without hair then, performance is optimum when it 

was tested without.  Furthermore, as the findings did not differ to those which were 

obtained in the previous chapter, the experiments in future chapters reverted to using 

headscarf stimuli. 

As it had now been established that participant performance decreased when stimuli 

were switched between the learning and test stage of a yes/no recognition task, the 

experiment reported in Chapter 5 aimed to explore the reason for this drop in 

performance.  The method used to do this was an eye tracking experiment which 

employed the same methods as those used in Chapter 3.  Participants took part in a 

yes/no recognition task in which half of them viewed headscarf and hair stimuli for 

which the external features switched between the learning and test stage and the 

other half viewed headscarf and hair stimuli for which they remained the same.  It 

was found that there was no difference in the % of fixations made to the external 

features between those participants for whom the stimuli remained the same and 

those participants for whom they were switched.  This result suggested that, although 

participants did not fixate directly upon the external features, they were difficult to 

ignore as they were still available to use in peripheral vision.  The findings also 
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supported previous work which suggested that the majority of fixations during 

recognition of unfamiliar faces were on the internal features.       

Thus, in Chapter 6 this notion was explored further.  Participants took part in a 

different kind of task in which they rated how similar they thought the internal 

features of pairs of faces were.  The pairs of faces that were presented to them were 

of three types, both with hair, both with a headscarf, or one with hair and one with a 

headscarf.  That is, although the external features were present in all of the images 

that were presented to the participants, they were asked to ignore them and make 

their judgements solely on the internal features.  The experiment showed that, 

indeed, external features of a face are difficult to ignore as participants rated more 

similarity in the internal features of pairs of faces which were both wearing a 

headscarf compared to both hair, and one with hair and one with a headscarf.  The 

importance of these findings were twofold, firstly, they showed that the internal and 

external features of a face are processed interactively and even when making a 

conscious effort to ignore the external features they still influence decisions about 

similarity.  Furthermore, the experiment showed that, although headscarf wearing 

females are not more difficult to recognise, they are perceived as being more similar 

to each other which may lead people to think that they are more difficult to 

recognise. 

Finally in Chapter 7, some unanswered questions from all of the previous chapters 

were explored.  For example, the experiment reported in Chapter 3 was replicated 

but instead of using within-subjects design a between subjects-design was used (as in 

Lewin & Herlitz, 2002).  Furthermore, participants were recruited from two 

difference locations in an attempt to understand the effect of social contact on face 

recognition.  A social contact questionnaire was used to measure the quality and 



247 
 

quantity of social contact with headscarf wearing females.  Additionally, the Own 

Race Bias in recognition memory was investigated for South Asian faces and the 

effect of contact with South Asian people on this bias was investigated.  It was found 

that there was a small but statistically significant difference between participants 

who viewed faces with a headscarf and those who viewed faces with hair.  Initially, 

this result was concerning, however, upon closer inspection it transpired that the 

effect size was very small and because it was dependent on the experimental setup of 

the experiment the effect was very fragile.  It was also found that there was no 

difference in the performance levels of participants in the two different locations 

from which they were sampled.  Finally it was found that, for participants in one of 

the locations, the quality of contact with headscarf wearing females was a significant 

predictor of performance in the headscarf condition and the quality of contact with 

South Asian people was a significant predictor of performance in the hair condition.  

These findings were supportive of the Social Contact Hypothesis of the ORB and 

were also used to validate speculations in previous work about the effect of social 

contact on the recognition of headscarf-wearing faces. 

8.2 Methodological Changes and Future Work  

As with any piece of research, there are some methodological aspects of the 

experiments reported in this thesis which could be changed.  For example, all of the 

experiments could have been repeated with pictures of White females in addition to 

or instead of South Asian females.  This would enable a greater understanding into 

the nature of the effect of the Muslim headscarf on face perception.  It may be that 

because people are accustomed to seeing South Asian females wearing a headscarf 

they performed as they did.  Instead, because it is rare, though not unheard of, for a 

White female to wear a headscarf, participants may be affected by this and perform 
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differently.  The ORB for South Asian and White participants could also be fully 

investigated in this proposed experiment.   

Another improvement which could be made to future replications of the experiments 

reported in this thesis would be not to use identical images between the learning and 

test stage of the yes/no recognition task.  Sporer (2001) points out that, although 

many researchers advocate this approach it is rarely employed.  Irrespective of this, 

although it is very unlikely that participants are conducting image matching, it would 

eliminate this possibility and show that participants are actually conducting a face 

recognition task.  Additionally, the same stimuli could be put into a matching task to 

explore the effects of switching the external features of faces relative to keeping 

them congruent on a perceptual level.  

Chapter 7 reported an experiment in which participants were asked to complete a 

Social Contact Questionnaire to assess their contact with headscarf wearing females 

and South Asian people in general.  Although similar questionnaires are used in the 

literature in general, as an effect of social contact was only found in one of the two 

locations, the effectiveness of the questionnaire may be questionable.  As much as 

the researchers advised participants to be as truthful as possible, it may be suggested 

that participants exhibited demand characteristics which resulted in the relationship 

between social contact and performance in one location and no effect in the other 

location.  In future work, if a questionnaire is used to measure contact it should 

include different, more specific, types of contact which may help to understand what 

types of contact are beneficial to recognition performance.  For example, the quality 

of contact with headscarf wearing females was found to be a predictor when 

recognising headscarf wearing faces.  This could be broken into other classifications 

such as the recency of contact, positive/negative contact, or voluntary/involuntary 
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contact.  Furthermore, an alternative measure of contact which is less susceptible to 

demand characteristic could be used. 

A future experiment could explore the relationship between implicit (IAT) and 

explicit attitudes towards headscarf-wearing and niqab wearing females.  The 

experiments could be replicated to explore the effect of implicit attitudes towards the 

recognition of headscarf wearing females (both South Asian and White).  This would 

enable the relationship between implicit attitudes towards headscarf wearing females 

and the recognition of these females.  This work would be beneficial from an applied 

perspective as it could help to improve relations between Muslims and non-Muslims 

in communities in which tensions exists between these two groups.     

To increase the ecological validity of the experiments conducted in this thesis, 

similar experiments could be conducted in a more life-like situation.  For example, 

confederates (with or without a headscarf) could be asked to buy items from a 

different retail outlets and later show the retail assistants pictures of females with and 

without headscarf to identify if they had seen them before.  This could also be 

repeated with other forms of head-covering such as turbans, mosque hats, caps, 

hoodies, or beanie hats.   

Furthermore, it has consistently been shown in the literature (e.g. Ellis et al., 1979) 

that the relative importance of external features differs depending on whether the 

face is familiar or unfamiliar.  Taking this into consideration, an experiment could be 

conducted in which faces are made familiar to a group of participants through a 

process of familiarisation (as in Heisz & Shore, 2008) and then investigate the effect 

of switching the external features between the learning and test stage for familiar 

faces. 
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8.3 Implications of the Findings  

The results of the experiments reported in this thesis are important for two reasons.  

Firstly, they raise some methodological concerns about the manner in which 

previous face recognition experiments have been conducted which in turn affects the 

conclusions made from such research.  The results also have practical implications 

for everyday situations such as airport security.  Additionally, they highlight the 

positive aspects of contact with people of another group. 

One of the key findings of the earlier chapters was that previous experiments such as 

those reported by Ellis et al. (1979), Wright and Sladden (2003), and Lewin and 

Herlitz (2002) failed to consider how the consistency of the stimuli between the 

learning and test stage may affect their results.  These researchers did not take into 

account the Same and Switch distinction, therefore, their interpretation of the 

importance of hair in face recognition may have been distorted.  The findings of this 

thesis have shown that the importance of hair in face recognition is dependent on the 

task in hand.  For example, hair is differentially important in an experiment which 

employs a within-subjects design compared to a between-subjects design.  This 

should be taken into consideration when future work in the area is conducted as it 

may act as a confounding variable.   

The work may also have implications for the criminal justice system.  For example, 

during programmes such as Crimewatch on the BBC, often the e-fits of the 

perpetrators are shown with a cap or hat, however, it seems unlikely the perpetrator 

always wears a cap or hat, thus, when viewers attempt to recognise the person, they 

may find it to recognise the face due to the incongruence of the external features.  

Furthermore, in any situation in which a form of photo identification (e.g. passport) 
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is used to confirm the identity of a person, such as when opening a new bank 

account, if there is incongruence between the external features on the passport and 

the person, then confirming the identity may become difficult, although still 

possible.  Additionally, the work has shown that contact with headscarf wearing 

females can improve recognition of these females, however, the details of this are 

not fully understood as the effect was only found in one group of participants.  

Irrespective of this, these findings highlight the importance of integrating with 

people from different backgrounds.  It may be that people from different ethnic 

groups do not integrate with each other because the other ethnic group is perceived 

�D�V�� �³�W�K�H�� �R�W�K�H�U�´���� �� �%�\�� �L�Q�F�U�H�D�V�L�Q�J�� �W�K�H�� �O�H�Y�H�O�V�� �R�I�� �L�Q�W�H�J�U�D�W�L�R�Q�� �E�H�W�Z�H�H�Q�� �G�L�I�I�H�U�H�Q�W�� �J�U�R�X�S�V�� �R�I��

people, individuals may be able to better recognise members of the other group and 

view them as individuals rather than a homogenous group.  This may then break 

down barriers between different communities and promote social cohesion.          

8.4 Summary 

The main aim of this thesis was to investigate anecdotal reports which suggested that 

the Muslim headscarf impaired face recognition.  It was found that, in a yes/no 

recognition task, the Muslim headscarf did not impair performance when there was 

consistency between the learning and test stage, however, performance was disrupted 

when the presence or absence of the headscarf was manipulated.  These findings 

imply that a headscarf can sometimes impair the recognition of unfamiliar faces 

much like other forms of head-covering (such as a wig or a cap).  That is, if a 

Muslim woman always wears a headscarf, then she is as recognisable as a woman 

who does not, however, if on some occasions she wears a headscarf and on other 

occasions she does not, then she may be more difficult to recognise than a female 

with her hair always showing.  Furthermore, in relation to the anecdotal reports 
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mentioned above, headscarf wearing females were perceived as being more 

homogenous compared to women with their hair showing which may explain the 

roots of such claims.  More generally, it was found that the external features of a face 

are difficult to ignore because, due to the holistic nature of face processing, they are 

processed interactively with the internal features.  Finally, there was some evidence 

which showed that participants who had more contact with headscarf-wearing 

females were better at recognising faces of headscarf-wearing women. 
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Glossary Table 
 

Word Definition 
Internal Features Eyes, nose, mouth, and cheeks of a face. 
External Features Hair, ears, and sometimes the chin contour of a face. 
Holistic Processing The general process used by the visual system to glue 

together individual parts of the face to form a whole. 
Featural Processing The processing of individual features separately irrespective 

of the other features of the face. 
Configural 
Processing 

The processing of second order features which analyses the 
relationship between the different features of the face.  E.g. 
the distance between individual features. 

Fusiform Face Area A region of the brain which is thought to be involved in the 
processing of human faces. 

Face Inversion 
Effect 

Faces that are presented up-side down are recognised worse 
compared to faces that are presented upright. 

Whole-part 
Superiority Effect 

The theory that the recognition of facial parts is better when 
they are presented in the context of a whole face compared to 
when they are presented in isolation 

Own Race Bias The notion that some people are worse at recognising others 
of a different race compared to those from their own race. 

Familiar Face A face which has been seen on a number of previous 
occasions.  For example, a celebrity, friend, or family 
member. 

Unfamiliar Face A previously unseen face.   
Scrambled Face A face with the individual features scrambled so that they are 

not in their original position.  For example, the eyes below 
the nose and the ears in place of the cheeks etc. 

Blurred Face A face which has been made less clear or distinct. 
Headscarf A garment worn by some Muslim females to cover their hair.  

Also known as a hijab. 
South Asian People originating from Pakistan, India, and Bangladesh. 
White People from a Caucasian background 
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Appendices 

Appendix A - Consent Form for Observing Participants 

Consent Form/Information Sheet for Participants who will take part in the observing 
phase of the experiment 

Name of Researcher:  Umar Toseeb (School of Optometry and Division of Psychology) 
Supervisor: Dr D. Keeble (School of Optometry and Division of Psychology) 

Other researchers: Professor C. Horrocks and Dr E. Bryant (Division of Psychology) 

Title of Project:  Factors affecting face recognition in humans. 
 
Background: 

Face recognition is an important part of everyday life.   The current research aims to 
look at the effect of head covering on the recognition of faces.  In addition to this the 
research will look at the effects of ethnicity on the recognition of faces. 

Confidentiality:  

This research will adhere to the British Psychological Society ethical guidelines.  
This means that you will have certain rights as a participant.  Your name will only be 
recorded on this form which will be kept in safe storage for five years after the 
experiment, and then destroyed.   You will have the right to withdraw your data from 
the study up to a week after participation, by which time they will have been 
analysed. 

What is required. 

In the first part of the experiment you will be presented with a series of pictures.  
Your task is to remember as many faces as possible.  After the initial presentation of 
the pictures you will be given a short break followed by a recognition task.  In the 
recognition task you will be presented with a series of faces, and you will be required 
to select which ones you have seen previously.   

 
Consent Please Circle  

I  can confirm that I have read and 
understood the instructions sheet. 

Yes No 

I can confirm that I have been informed 
of the purpose of the study. 

Yes No 

I understand that the session takes 
approximately 15 minutes. 

Yes No 

I can confirm that I have been made 
aware that I can withdraw from the 
experiment at any time. 

Yes No 

I understand that my results will be kept 
anonymous. 

Yes No 
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I understand that I will be completing a 
recognition task on a computer screen. 

Yes No 

I understand that help is available to me 
after this study if I require it. 

Yes No 

I can confirm that I do not have any 
special needs or considerations that will 
affect my participation in this study.  (If 
not please give details on the reverse) 

Yes No 

I can confirm that I have no pre-existing 
medical conditions that will deteriorate 
as a result of participation in this study. 

Yes No 

 
I confirm that I have read and understood the details given and I give consent to 
participate in this research. 
 
Participant  
 
Contact Email 
�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«���������������������������«�«�«  
 
Name (IN BLOCK 
CAPITALS)�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«��  
 
�$�J�H�«�«�«�«���� 
 
Signature�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«
�«���� 
 
Participant Number Assigned �«�«�«�«�«�«�«����  
 
Researcher: 
 
Name - UMAR TOSEEB 
Contact Email �± umtoseeb@bradford.ac.uk 
 
Signature�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«  
Date:�«�«�«�«�«�«�«�«�«���� Location: �«�«�«�«�«�«�«�«  Time:�«�«�«�«�«����

mailto:umtoseeb@bradford.ac.uk
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Appendix B �± Sample Stimuli 

 
Sample Stimulus Face 1 �± Cropped (CR)     Sample Stimulus Face 1 �± Hair (H)       Sample Stimulus Face 1 �± Headscarf (HS) 

 
Sample Stimulus Face 2 �± Cropped (CR)    Sample Stimulus Face 2 �± Hair (H)         Sample Stimulus Face 2 �± Headscarf (HS)
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Sample Stimulus Face 3 �± Cropped (CR)    Sample Stimulus Face 3 �± Hair (H)           Sample Stimulus Face 3 �± Headscarf (HS)   

 
Sample Stimulus Face 4 �± Cropped (CR)      Sample Stimulus Face 4 �± Hair (H)                Sample Stimulus Face 4 �± Headscarf (HS) 
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Sample Stimulus Face 5 �± Cropped (CR)   Sample Stimulus Face 5 �± Hair (H)             Sample Stimulus Face 5 �± Headscarf (HS)   

 
Sample Stimulus Face 6 �± Cropped (CR)    Sample Stimulus Face 6 �± Hair (H)       Sample Stimulus Face 6 �± Headscarf (HS)
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Appendix C �± Consent for Stimulus Participants 

Consent Form/Information Sheet for Participants being photographed 

 
Name of Researcher:  Umar Toseeb (School of Optometry and Division of Psychology) 

Supervisor: Dr D. Keeble (School of Optometry and Division of Psychology) 
Other researchers: Prof. C. Horrocks and Dr E. Bryant (Division of Psychology) 
Title of Project:  Factors affecting face recognition in humans. 
 
Background: 

Face recognition is an important part of everyday life.   The current research aims to 
look at the effect of head covering on the recognition of faces.  In addition to this the 
research will look at the effects of ethnicity on the recognition of faces. 

Confidentiality:  

This research will adhere to the British Psychological Society ethical guidelines.  
This means that you will have certain rights as a participant.  Your name will only be 
recorded on this form which will be kept in safe storage for five years after the 
experiment, and then destroyed.   The photos you provide will only be used for the 
purposes of research unless you give consent for their use in publication and can be 
destroyed at your request, either before the commencement of the experiment, or 
after its completion. 

What is required 
Your participation in the current study requires you to be photographed by the 
researchers.  We only require photographing your head and shoulders with a frontal 
view, where your face is visible to the camera (Just like a passport photo). If you are 
not happy with the picture you can ask for a different one to be taken.  Your 
expression in the photograph needs to be neutral and looking straight at the camera.   
Your picture will be presented along with a series of other pictures to participants in 
a face recognition study where they will take part in a series of recognition tests.  
The participants for the recognition study are likely to be recruited from the student 
population of the University of Bradford.  Apart from the participants, only the 
researchers will see your photograph. You may withdraw from the photography 
session at any time. If  the results of the study are published, with your consent your 
photo may be used as an example stimulus in the write up of this study.   

 
Consent Please Circle  

I  can confirm that I have read and 
understood the instructions above 

Yes No 

I consent to be photographed and the 
pictures to be viewed by the researchers 

Yes No 
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I consent for the photographs to be 
viewed by participants as specified 
above 

Yes No 

I consent for the photographs to be used 
in publications or presentations 

Yes No 

I consent for the photographs to be used 
in further similar research 

Yes No 

I can confirm that I do not have any 
medical condition which is likely to 
worsen as a result of participation in the 
study.  For example problems with flash 
photography.  If so please give details 
on reverse. 

Yes No 

I can confirm that I have been made 
aware that I can withdraw from the 
experiment 

Yes No 

 
I confirm that I have read and understood the details given and I give consent to 
participate in this research. 
 
Participant  
Contact Email 
�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«���������������������������«�«�«  
 
Name (IN BLOCK 
CAPITALS)�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«��  
 
Signature�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«
�«���� 
 
Participant Number Assigned �«�«�«�«�«�«�«����  
 
�$�J�H�«�«�«�«�«�«�«�«��  
 
Researcher: 
Name : UMAR TOSEEB 
Contact Email �± umtoseeb@bradford.ac.uk 
 
Signature�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«  
 
Date:�«�«�«�«�«�«�«�«�«���� Location: �«�«�«�«�«�«�«�«  Time:�«�«�«�«�«����  
  

mailto:umtoseeb@bradford.ac.uk
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Appendix D �± Instructions Given to Participants 
 

Learning Instructions 

Welcome to the experiment 

Thank you for coming along and taking part in the experimental research in the area 
of face recognition.  On the screen you will be presented with 12 pictures. At this 

stage, you are only required to look at the pictures and try to remember them. 

Please do not make any notes in reference to remembering the pictures.  Each picture 
will be presented for 6 seconds. 

Thank you. 

You may start now. 

Press the SPACE BAR to continue 

 

Test Instructions 

Welcome to the second stage of the experiment. In this stage you will be presented 
with a series of faces. Please identify if you recognise the faces from the first stage 

or not. 

Press the GREEN key if you DO recognise the face from the first stage. 

Press the RED key if you DO NOT recognise the face from the first stage. 

You may respond even after the picture has disappeared off your screen. 

Your reaction time and accuracy are being measured 

Press any key to start 
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Appendix E �± Distracter Task 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Taken from bogglesworlddesl.com 
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Appendix F �± Instructions for Researchers in Eye Tracking Experiment 
 

Instructions 1 �t First Part 
 

(Researcher hint: Calibrate Pupil) 

1.  �^���Ç�W���^�z�}�µ���Á�]�o�o���������•���š���µ�‰���}�v���š�Z�������‹�µ�]�‰�u���v�š���•�}���š�Z���š���Ç�}�µ�Œ�����Ç���•�����Œ�����]�v���š�Z���������v�š�Œ�����}�(���š�Z����
�•���Œ�����v�X�_ 

(Researcher hint: get participants to place their head on the headrest and adjust until 
eye visible in the middle of the screen) 

 

2. �^���Ç�W���^PLEASE KEEP YOUR HEAD COMPLETELY STILL �t PLEASE DO NOT TALK WHILST 
YOUR HEAD IS ON THE HEAD REST �~���o���v���Z�]�v�P���Ç�}�µ�Œ���š�����š�Z���u���Ç���Z���o�‰���Á�]�š�Z���š�Z�]�•�•�_ 
 

3. �^���Ç�W���^���}�š�•���Á�]�o�o��appear on the screen; as they do you need to look at the dots�_ 
 

(Researcher hint: adjust eyepiece to ensure that the dominant eye is being tracked) 
 
(Researcher hint: check for error lines �t redo them and save) 
 

4. �^���Ç�W���^There will be a short pause and then you will be presented with 12 pictures. Each 
will appear for 6 seconds and you just need to watch and remember as many faces as 
possible.  Your eye movements will b�����š�Œ�����l���������•���Ç�}�µ�����Œ�������}�]�v�P���š�Z�]�•�_ 
 

5. �^���Ç�W���^�/�d���/�^���s���Z�z���/�D�W�K�Z�d���E�d���d�,���d���z�K�h���<�����W���z�K�h�Z���,�����������K�D�W�>���d���>�z���^�d�/�>�>�_ 
 

 
6. �^���Ç�W���^�����(�}�Œ�����š�Z�����(�]�Œ�•�š���‰�]���š�µ�Œ�������‰�‰�����Œ�•���Ç�}�µ���Á�]�o�o���•�������������}�š�V���Ç�}�µ���v���������š�}�����}�v�����v�š�Œ���š�����}�v��

�š�Z���������v�š�Œ�����}�(���š�Z�������}�š�������(�}�Œ�����š�Z�������Æ�‰���Œ�]�u���v�š�������v�������P�]�v�_ 
 

 
7. �^���Ç���^After the 12 pictures the Screen will go blank.  This is when you will move onto the 

next task�_ 
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Instructions 2 �t During Distracter Task 
1. �^���Ç���^���}�u�‰�o���š�����š�Z�����Á�}�Œ�����•�����Œ���Z�_ 

(Researcher Hint: Give participant a word search to complete) 

 

2. �^���Ç���^�t�Z���v���Ç�}�µ���Z�����Œ�������������‰���Ç�}�µ���v���������š�}���Œ���‰�}�•�]�š�]�}�v���Ç�}�µ�Œ�•���o�(���}�v���š�Z�������‹�µ�]�‰�u���v�š���•�}���Ç�}�µ��
���Œ�����o�}�}�l�]�v�P�����š���š�Z�������}�u�‰�µ�š���Œ���•���Œ�����v�_ 

(Researcher Hint: Wait for the buzzer noise until reading out the next set of 
instructions) 

 

3. �^�^���Ç���^�/�v���š�Z�����înd half of the experiment you will need to use this (show response box).  
You will need to hold the response box in your hand or on the desk so it is pointing 
towards the black box 

(Researcher Hint: Get participant to put their head on headrest) 

 

4. �^���Ç�W���^���P���]�v�U��Dots will appear of the screen, as they do you need to look at the dots�_ 

(Researcher hint: Check for error lines �t redo them and save) 

 

Instructions 3 �t Test Phase 
 

1. �^���Ç�W�����^�/�v���š�Z�]�•���•�����š�]�}�v���Ç�}�µ���Á�]�o�o���������‰�Œ���•���v�š�������Á�]�š�Z���î�ð���‰�]���š�µ�Œ���•�_ 

 

2. �^���Ç�W���^�z�}�µ���Á�]�o�o���������Œ���‹�µ�]�Œ�������š�}���‰�Œ���•�•���š�Z����black button if you have seen the face before or 
the red button if you have not seen the picture before.  (Right hand = seen before & 
Left �Z���v�����A���v�}�š���•�����v�������(�}�Œ���•�X�������W�o�����•�����‰�Œ���•�•���š�Z�������µ�š�š�}�v���P���v�š�o�Ç�����•���‰�Œ�����š�]���������‰�Œ���À�]�}�µ�•�o�Ç�_ 

 
 

3. �^���Ç�W���^Your eye movements will be tracked as you are doing this so PLEASE MAKE SURE 
�z�K�h�Z���,���������Z���D���/�E�^�����K�D�W�>���d���>�z���^�d�/�>�>�_ 
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Appendix G �± Step-by-Step Guide for Researcher in Eye Tracking 
Experiment 

 

PROCEDURE 
1. Consent Form 

 
2. Practice using the response box by starting the practice program.  Check results 

to see if there are any chunks of zeros in the x and y coordinates columns.  If so 
then try to figure out why, it will either be because: 

a. Could be because participant is blinking too much or not enough 
b. Could be because participant is moving head 
c. Could be because eyes are not fully open 

 
3. Look at the first co-ordinate of accuracy file to make sure sufficient accuracy is 

being achieved.  If not then you need to adjust the position of the camera and 
headrest in the direction required. 

 
4. Redo practice to rectify mistakes 

 
5. Repeat point number 2 until zeros minimised 

 
6. Do actual experiment 
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Appendix H �± Social Contact Questionnaire 
Race: Asian/White/Other  Gender: Male/Female   Age:   Initials:  

For each of the statements listed below please identify to what extent you agree for each of the three groups of people 

1 = Strongly Disagree  2 = Disagree  3 = Neither  4 = Agree  5 = Strongly Agree

 

White People 

South Asian People 
(Pakistani, Indian, 

Bangladeshi) 
Women wearing a Muslim 

headscarf 
I often work closely (e.g. voluntary/paid work/studied) with  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

Within my circle of friends I regularly socialise with  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

My closest friends are  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

In my family I have many 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

When having problems with my work I usually ask for  help 
from 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

On a regular basis I interact with  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

For a prolonged period of time I have lived in the same house 
as  

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

I regularly spend time at the homes of  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

I have often comforted/have been comforted by  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

I frequently give/receive personal advice to/from 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

I know lots of 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

For a prolonged period of time I have lived on the same street 
as   

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

In the media I regularly see 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

In my current occupation I come across many  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

Whilst socialising I come across many 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
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Appendix I  �± Exploratory Correlations  
In order to identify which analysis would be the most informative, a number of correlations were conducted in which all 9 possible predictor 
variables (Quality/Quantity/Total Contact with South Asians, Quality/Quantity/Total Contact with headscarf-wearing females, and 
Quantity/Quality/Total Contact with White people) were included.  The outcome variable was always �G�¶.  Table 1 shows the correlations when the 
data was split by only one variable.  In the first column, under the he�D�G�L�Q�J���³�*�H�Q�G�H�U�´�����W�K�H���F�R�U�U�H�O�D�W�L�R�Q�V���D�U�H���V�K�R�Z�Q���Z�K�H�Q���W�K�H���G�D�W�D���Z�D�V���V�S�O�L�W���E�\���J�H�Q�G�H�U������
That is, the �G�¶ scores for all males were correlated against all 9 predictor variables, and the same was done for all females.  The significant 
correlations are highlighted in g�U�H�H�Q�������)�R�U���H�[�D�P�S�O�H�����Z�K�H�Q���W�K�H���G�D�W�D���Z�D�V���V�S�O�L�W���E�\���³�5�D�F�H�´�����L�W���Z�D�V���I�R�X�Q�G���W�K�D�W���I�R�U���6�R�X�W�K���$�V�L�D�Q���S�D�U�W�L�F�L�S�D�Q�W�V�����D�V���W�K�H���T�X�D�Q�W�L�W�\��
of contact with South Asian people increased, sensitivity decreased.     

 Table 1: Data split by one variable.        
How the 
data was 
split  

Quality of 
Contact 
with 
South 
Asians 

Quantity 
of Contact 
with 
South 
Asians 

Total 
Contact 
with 
South 
Asians 

Quality of 
Contact 
with 
Headscarf-
wearing 
Females 

Quantity 
of Contact 
with 
Headscarf-
wearing 
Females 

Total 
Contact 
with 
Headscarf-
wearing 
Females 

Quality of 
Contact 
with 
White 
People 

Quantity 
of Contact 
with 
White 
People 

Total 
Contact 
with 
White 
People 

Gender          
Male NS NS NS NS NS NS NS NS NS 

Female NS NS NS NS NS NS NS NS NS 
Race          
South 
Asian 

NS r= -.243, 
p=.029 

NS NS r= -.304, 
p=.006 

r= -.219,     
p=.049 

NS NS NS 

White NS NS NS NS NS NS NS NS NS 
Location          
Bradford NS NS NS NS NS NS NS NS NS 

Manchester NS r= -.286, 
p=.010 

NS NS r= -.221, 
p=.048 

NS NS NS NS 

Condition          
Hair NS NS NS NS NS NS NS NS NS 

Headscarf NS  NS NS NS NS NS NS NS NS 
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Next, the data was split by two variables.  For example, instead of looking at males irrespective of whether they took part in the 
headscarf or hair condition, irrespective of whether they were in Bradford or Manchester, and irrespective of whether they were South 
Asian or White, one other factor was considered.  Thus, instead of looking at one variable such as Gender, the analysis now looked at 
two.  For example South Asian Males, South Asian Females, White Males, and White Females etc.  This is shown in Table 2 below.  
Again, the significant correlations are highlighted in green.    

Table 2: Data split by two variables. 
How the data was 

split  
Quality 

of 
Contact 

with 
South 
Asians 

Quantity 
of 

Contact 
with 

South 
Asians 

Total 
Contact 

with 
South 
Asians 

Quality of 
Contact 

with 
Headscarf-

wearing 
Females 

Quantity 
of Contact 

with 
Headscarf-

wearing 
Females 

Total 
Contact 

with 
Headscarf-

wearing 
Females 

Quality 
of 

Contact 
with 

White 
People 

Quantity 
of 

Contact 
with 

White 
People 

Total 
Contact 

with 
White 
People 

Race/Gender   
South Asian Male NS NS NS NS r=-.326, 

p=.033 
NS NS NS NS 

South Asian Female NS NS NS NS r=-.340, 
p=.037 

NS NS NS NS 

White Male NS NS NS NS NS NS NS NS NS 
White Female NS NS NS NS NS NS NS NS NS 

Location/Gender  
Bradford Male  NS NS NS NS NS NS NS NS NS 

Bradford Female r=.327, 
p=.042 

NS r=.317, 
p=.049 

NS NS NS r=-.346, 
p=.031 

NS NS 

Manchester Male NS NS NS NS NS NS NS NS NS 
Manchester Female NS r=-.444, 

p=.004 
NS NS r=-.420, 

p=.007 
r=-.332, 
p=.037 

NS NS NS 

Experiment/Gender  
Hair Male NS NS NS NS NS NS NS NS NS 

Hair Female NS NS NS NS NS NS NS NS NS 
Headscarf Male NS NS NS NS NS NS NS NS NS 
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Headscarf Female NS NS NS NS NS NS NS NS NS 
Location/Race  

Bradford South Asian NS NS NS NS r=-.323, 
p=.042 

NS NS NS NS 

Bradford White NS NS NS NS NS NS r=-.331, 
p=.034 

NS NS 

Manchester South 
Asian 

NS r=-.370, 
p=.028 

NS NS r=-.334, 
p=.028 

NS NS NS NS 

Manchester White NS NS NS NS NS NS NS NS NS 
Race/Experiment  
South Asian Hair NS NS NS NS NS NS NS NS NS 

White Hair NS NS NS NS NS NS NS NS NS 
South Asian 
Headscarf 

NS NS NS NS NS NS NS NS NS 

White Headscarf NS NS NS NS NS NS NS NS NS 
Location/Experiment  

Bradford Hair r=.485, 
p=.001 

r=.458, 
p=.003 

r=.509, 
p=.001 

NS r=.325, 
p=.040 

NS r=-.408, 
p=.009 

NS r=-.381, 
p=.015 

Bradford Headscarf NS NS NS NS NS NS NS NS NS 
Manchester Hair r=-.337, 

p=.033 
r=-.362, 
p=.022 

r=-.373, 
p=.018 

NS r=-.455, 
p=.003 

r=-.324,  
p= .041 

NS NS NS 

Manchester Headscarf NS NS NS NS NS NS NS NS NS 
 

Following this, the data was split by three variables.  For example, instead of being split by Gender and Race (South Asian Male), it was 
now split by Gender, Race, and Location (South Asian Male Manchester).  This is shown in Table 3.  Again, the significant correlations 
are highlighted in green.  
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Table 3: Data split by three variables. 
How the data was split  Quality 

of 
Contac
t with 
South 
Asians 

Quantit
y of 

Contact 
with 

South 
Asians 

Total 
Contac
t with 
South 
Asians 

Quality of 
Contact 

with 
Headscarf
-wearing 
Females 

Quantity 
of Contact 

with 
Headscarf
-wearing 
Females 

Total 
Contact 

with  
Headscarf
-wearing 
Females 

Quality 
of 

Contac
t with 
White 
People 

Quantit
y of 

Contact 
with 

White 
People 

Total 
Contac
t with 
White 
People 

Gender/Race/Location  
Male Bradford South Asian NS NS NS NS NS NS NS NS NS 

Male Bradford White NS NS NS NS NS NS NS NS NS 
Male Manchester South Asian NS NS NS NS NS NS NS NS NS 

Male Manchester White NS NS NS NS NS NS NS NS NS 
Female Bradford South Asian NS NS NS NS NS NS NS r=.562, 

p=.015 
r=.490, 
p=.039 

Female Bradford White NS NS NS NS NS NS r=-.441, 
p=.045 

NS NS 

Female Manchester South 
Asian 

NS NS NS NS NS NS NS NS NS 

Female Manchester White NS NS NS NS NS NS NS NS NS 
Race/Location/Experiment  
Bradford Hair South Asian NS NS NS NS NS NS NS NS NS 

Bradford Hair White NS r=.572, 
p=.008 

NS NS r=.516, 
p=.020 

NS NS NS NS 

Bradford Headscarf South 
Asian 

NS NS NS NS NS NS NS NS NS 

Bradford Headscarf White NS NS NS NS NS NS NS NS NS 
Manchester Hair South Asian NS NS NS NS NS NS NS NS NS 

Manchester Hair White NS NS NS NS r=-.444, 
p=.050 

NS NS NS NS 

Manchester Headscarf South 
Asian 

NS NS NS NS NS NS NS NS NS 
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Manchester Headscarf White NS NS NS NS NS NS NS NS NS 
Gender/Race/Experiment  

Hair South Asian Male NS NS NS NS NS NS NS NS NS 
Hair South Asian Female NS NS NS NS NS NS NS NS NS 

Hair White Male NS NS NS NS NS NS NS NS NS 
Hair White Female NS NS NS NS NS NS NS NS NS 

Headscarf South Asian Male NS NS NS NS NS NS NS NS NS 
Headscarf South Asian 

Female 
NS NS NS NS NS NS NS NS NS 

Headscarf White Male NS NS NS NS NS NS NS NS NS 
Headscarf White Female NS NS NS NS NS NS NS NS NS 

Gender/Location/Experime
nt 

 

Bradford Hair Male NS NS NS NS NS NS NS NS NS 
Bradford Hair Female r=.622, 

p=.003 
r=.663, 
p=.001 

r=.661, 
p=.001 

NS NS NS NS NS NS 

Bradford Headscarf Male NS NS NS NS NS NS NS NS NS 
Bradford Headscarf Female NS NS NS NS NS NS NS NS NS 

Manchester Hair Male NS NS NS NS NS NS NS NS NS 
Manchester Hair Female NS r=-.530, 

p=.016 
-.451, 
p=.046 

NS r=-.580, 
p=.007 

NS NS NS NS 

Manchester Headscarf Male NS NS NS NS NS NS NS NS NS 
Manchester Headscarf Female NS NS NS NS NS NS NS NS NS 
 

Finally, the data was split by all four independent variables, Gender, Race, Location, and Experiment, e.g. South Asian Male 
Manchester Headscarf.  The significant correlations are highlighted in green in Table 4.  
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Table 4: Data split by four variables. 
How the data was split  Quality 

of 
Contact 

with 
South 
Asians 

Quantity 
of 

Contact 
with 

South 
Asians 

Total 
Contact 

with 
South 
Asians 

Quality of 
Contact 

with 
Headscarf-

wearing 
Females 

Quantity 
of Contact 

with 
Headscarf-

wearing 
Females 

Total 
Contact 

with 
Headscarf-

wearing 
Females 

Quality 
of 

Contact 
with 

White 
People 

Quantity 
of 

Contact 
with 

White 
People 

Total 
Contact 

with 
White 
People 

Gender/ Race/ Location/ 
Experiment 

         

Hair South Asian Male 
Bradford 

NS NS NS NS NS NS NS NS NS 

Hair South Asian Male 
Manchester 

NS NS NS NS NS NS NS NS NS 

Hair South Asian Female 
Bradford 

NS NS NS NS NS NS NS NS NS 

Hair South Asian Female 
Manchester 

NS NS NS NS NS NS NS NS NS 

Hair White Male Bradford NS NS NS NS NS NS NS NS NS 
Hair White Male 

Manchester 
NS NS NS NS NS NS NS NS NS 

Hair White Female 
Bradford 

NS r=.878, 
p=.001 

r=.728, 
p=.017 

NS r=.688, 
p=.028 

NS NS NS NS 

Hair White Female 
Manchester 

NS NS NS NS r=-.746, 
p=.013 

NS NS NS NS 

Headscarf South Asian 
Male Bradford  

NS NS NS NS NS NS NS NS NS 

Headscarf South Asian 
Male Manchester 

NS NS NS NS NS NS NS NS NS 

Headscarf South Asian 
Female Bradford 

NS NS NS r=-.670, 
p=.034 

NS r=-.654, 
p=.040 

NS NS NS 
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Headscarf South Asian 
Female Manchester 

NS NS NS NS NS NS NS NS NS 

Headscarf White Male 
Bradford 

NS NS NS NS NS NS NS NS NS 

Headscarf White Male 
Manchester 

NS NS NS NS NS NS NS NS NS 

Headscarf White Female 
Bradford 

NS NS NS NS r=.617, 
p=.043 

r=.613, 
p=.045 

NS NS NS 

Headscarf White Female 
Manchester 

NS NS NS NS NS NS NS NS NS 

 
 

After extensive analysis, there still was not an obvious effect that could be seen.  For example, in Table 1, when the data was split by 
one variable, it was found that for South Asian participants, as the quantity of contact with South Asians increased, performance 
decreased.  This seemed counterintuitive which resulted in the data being split further.  However, when the data was split further, as in 
Table 2, this produced many more correlations which, again, did not follow any expected trend.  The correlations were spurious and 
were difficult to make sense of.  When the data was split by three factors, as shown in Table 3, a similar problem was encountered in 
that the correlations did not follow any pattern and were somewhat arbitrary.  This was also the case when the data was split by all four 
variables, as shown Table 4.  Therefore, it was decided that, instead of conducting exploratory analysis to find the most relevant 
correlation, the analysis should be based on the aims of the experiment which were to understand the difference in performance between 
participants in Manchester and those in Bradford in the two different experiments.  Therefore, the data was split by Location and 
Experiment, as in Table 2.  This was then used as a basis for the regression analysis in the experiment reported in Chapter 7.      
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Appendix J�± Conference Poster Presentation Abstracts 

Does the Muslim headscarf impair face recognition? 

M U Toseeb, D R T Keeble, E J Bryant  

Citation: Toseeb M U, Keeble D R T, Bryant E J, 2010, "Does the Muslim headscarf 
impair face recognition?" Perception 39 ECVP Abstract Supplement, page 89 

The Muslim headscarf (hijab) conceals the hair and other external facial features, 
and so may have implications for the ease with which faces are remembered. To 
investigate this, 24 South Asian females were photographed wearing the headscarf 
(HS), with their own hair (OH) visible, and with all external features cropped (CR). 
Participants viewed a number of photographs during the learning phase and then 
subsequently viewed the same faces intermixed with distracter faces. Participants 
were required to decide whether each face had been seen in the learning phase. 
Crucially, faces were either in the same state in the two phases, or switched between 
two different states. Surprisingly, when the hair state was the same at learning and 
test, performance was almost the same (approximately 83%) for OH, HS, and CR 
conditions. However, when the hair status of the pictures was switched between 
learning and test phases, performance dropped dramatically to approximately 64%. 
No differences were found between participants of different races and genders. 
These results imply that there is sufficient information in the internal features of 
faces for optimal performance in these experimental conditions. The drop in 
performance when hair status changes suggests that the hijab or hair may sometimes 
act as a perceptual mask to the face stimulus, in much the same way that a wig can 
act as a disguise in certain circumstances.  
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The Effect of Changing External Features on the 
Recognition of Headscarf-Wearing Faces 

M Umar Toseeb, David R T Keeble, Eleanor J Bryant 

Citation: Toseeb M U, Keeble D R T & Bryant E J (2011) The Effect of Changing 
External Features on the Recognition of Headscarf-Wearing Faces, Journal of 
Vision, Volume 11, Number 11. 

The Muslim headscarf (hijab) conceals the hair and other external facial features, 
and so may have implications for the ease with which faces are remembered. To 
investigate this, 24 South Asian females were photographed wearing the headscarf 
(HS), with their own hair (OH) visible, and with all external features cropped (CR). 
Participants viewed a number of photographs during the learning phase and then 
subsequently viewed the same faces intermixed with distracter faces. Participants 
were required to decide whether each face had been seen in the learning phase. 
Crucially, faces were either in the same state in the two phases, or switched between 
two different states. Some participants also completed a social contact questionnaire 
which was used to measure the quality and quantity of contact with South Asian 
people, White people and, with females wearing a Muslim headscarf. Surprisingly, 
when the hair state was the same at learning and test, performance was almost the 
same (approximately 83%) for OH, HS, and CR conditions. However, when the hair 
status of the pictures was switched between learning and test phases, performance 
dropped dramatically to approximately 64%. In addition to this, contact with South 
Asian people was positively correlated with performance for the OH stimuli. 
Furthermore, for the CR stimuli there was a positive correlation between contact 
with headscarf wearing females and performance on the recognition task. These 
results imply that there is sufficient information in the internal features of faces for 
optimal performance in these experimental conditions and that social contact may 
mediate the size of any bias. The drop in performance when hair status changes 
suggests that the hijab or hair may sometimes act as a perceptual mask to the face 
stimulus, in much the same way that a wig can act as a disguise in certain 
circumstances. 
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