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 ii. 

General Abstract 

Two articles reporting the results of studies examining sex differences on face 

recognition tests in a non-clinical and clinical population (i.e., patients with temporal lobe 

epilepsy/surgery; TLE/S) are presented. The goals were to determine whether sex 

differences are present on a clinical test of face recognition, and whether these results 

apply differently based on the hemisphere implicated in seizures.  

In Study 1, sex differences at the level of the participant, stimulus (i.e., 

male/female faces) and distractor/target were examined on the Wechsler Memory Scale 

(Third Edition; WMS) - Immediate and Delayed Faces Subtests and on a non-clinical test 

of face recognition (Experimental Face Test; EFT).  Participants’ performance on the two 

tests was compared to determine whether conflicting results in the literature are due to 

sampling or test differences.  No participant sex differences were found.  Female faces 

were recognized more accurately on the EFT and WMS-Delayed, but male faces were 

recognized more accurately on the WMS-Immediate.  Women evidenced a same-sex bias 

on the WMS-Immediate and EFT. Results suggest that inconsistencies in the literature 

may be due to sampling and test characteristics.  Findings have implications for test and 

stimulus selection in research and for the use of clinical tests with clinical populations. 

 Study 2 used the WMS Faces Subtests with individuals with TLE/S to determine 

whether sex differences exist in this group, and whether there were differences based on 

the hemisphere implicated in seizures.  Patients with right TLE/S were more impaired 

than patients with left TLE/S both pre-and post-surgically, especially on distractor and 

female target faces.  Moreover, sex of stimulus, time of assessment, and sex of patient 

interacted, whereby male faces were recognized more accurately than female faces by 
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both sexes pre-surgically, but only by men post-surgically.  The results suggest that the 

WMS-FS is sensitive to TLE/S damage pre- and post-operatively, and that considering 

sex and type of stimulus may provide useful information when interpreting test results.  

These findings have implications for test developers and for professionals working with 

individuals at risk of face recognition deficits. 



    

 iv. 

DEDICATION 

 

I would like to dedicate this work to my children, Lukas and Rosie, who inspire me and 

keep me focused on the truly important things in life. 

 

I would also like to dedicate this dissertation to my husband, Matthew, whose ardent 

support and help throughout the entire process has been nothing short of phenomenal. 

 



    

 v. 

ACKNOWLEDGEMENTS 

 I would like to take this opportunity to express my sincere gratitude to the 

individuals who have so unselfishly provided me with their encouragement, support, and 

guidance during my graduate training and dissertation. 

 First and foremost, I would like to thank my two supervisors Dr. Frank Szeligo 

and Dr. Daniel Voyer.  Frank, you have taken me on as your last student, and I am 

thankful that you have taken the time to mentor me personally and professionally through 

our many discussions.  You have been an example to me, and have motivated me to 

become the psychologist that I am today, and that I will be tomorrow.  I am eternally 

grateful for all you have done for me.  Daniel, thank you for taking a chance on me.  You 

kept reminding me that there is a light at the end of the dissertation tunnel, and kept 

steadily steering me towards it.  Your concrete feedback helped to push me through the 

tougher parts of this project and onto completion.  Thank you! 

 I would also like to thank the people who have helped me gain access to the data 

belonging to the patients with temporal lobe epilepsy.  Dr. Jeannette McGlone, thank you 

for reaching out and connecting me with the relevant individuals, for helping me with the 

ethics application, and for providing me with the database that Shirley Munk and yourself 

have so meticulously maintained.  This database was invaluable in helping me get my 

data collection done quickly and accurately.  Along the same lines, I would also like to 

thank Dr. Antonina Omisade and the Queen Elizabeth II Hospital Surgical Epilepsy unit 

for allowing me to have access to their patient files, and for supporting this research 

project.  Together with Dr. McGlone, you have unselfishly offered your time to help me 



    

 vi. 

collect the data.  I hope that this dissertation can, in some small way, help advance the 

care of patients with epilepsy. 

 A thank you is also in order for the research assistants who helped with the 

designs and the tedious data collection processes of the studies that I conducted during 

my graduate training.  These dedicated individuals are:  Adam McDowell, Charli 

Wheaton, and Erin Atkinson.   

 In addition to the dissertation work, my graduate training involved clinical 

experiences. There are two individuals who stand above the rest in terms of the impact 

they have had on me and on my aspirations.   I would like to thank Dr. Yvon Toupin for 

fostering in me an unexpected love of child psychology and neuropsychological 

assessments.  I would also like to thank Dr. Paul McDonnell, whose unwavering support 

as a practicum supervisor and later as a member of both my dissertation proposal and 

defense committees has been invaluable to my eventual success.  I hope to make you both 

proud as I pursue my career. 

 Finally, I would like to thank my "boss" and good friend, Steven Cox, for 

believing in me from the start, and for encouraging me to follow my dreams. "Do toho!"



    

 vii. 

TABLE OF CONTENTS 

GENERAL ABSTRACT   ii 
 
DEDICATION 

 
  iv 

 
ACKNOWLEDGEMENTS  

 

 
  v 

 
TABLE OF CONTENTS 

 
  vii 

 
LIST OF TABLES  

 

 
  ix 

 
LIST OF FIGURES 

 
  x 

 
1.0 GENERAL INTRODUCTION   1 
 
2.0 GOALS OF PRESENT RESEARCH  25 
 
3.0 

 
ARTICLE 1: SEX DIFFERENCES IN FACE RECOGNITION  
 
ON CLINICAL AND NON-CLINICAL TESTS 29 

 
 
3.1  Abstract 

 
  29 

 
 
3.2  Introduction 

 
  30 

 
 
3.3  Method 

 
 

 
  35 

 
 
3.4  Results 

 
  42 

 
 
3.5  Discussion 

 
  47 

 
 
3.6  References 

 
  58 

 
4.0 

 
ARTICLE 2: SEX DIFFERENCES AND HEMISPHERIC  
 
CLASSIFICATION ABILITY OF THE WMS-III FACES SUBTESTS IN  
 
PATIENTS WITH TEMPORAL LOBE EPILEPSY 63 

 
 
4.1  Abstract 

 
  63 

 
 
4.2  Introduction 

 
  64 

 
 
4.3  Method 

 
  70 

 

 

 
 
 
 
 
 
 
 
 
 
 



    

 viii. 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
4.4  Results 

 
  75 

 
 
4.5  Discussion 

 
  84 

 
 
4.6  References 

 
  97 

 
5.0 

 
GENERAL DISCUSSION  112 

 
 
5.1  Conclusion 

 
  124 

 
 
5.2  General References 

 
  127 

 
CURRICULUM VITAE 

 
   

 

 



    

 ix. 

LIST OF TABLES 

1.1 Summary of Studies Examining Sex Differences in Face Recognition at the 

Level of the Participant on Clinical and Non-Clinical Tests of Face Recognition …. 9 

1.2  Summary of Studies Examining Sex Differences in Face Recognition at the 

Level of the Stimulus on Clinical and Non-Clinical Tests of Face Recognition …… 15 

4.4.1.  Patients’ Sex and Surgery Information  ……………………………………… 72 

4.4.2  Demographic Characteristics by Group  ……………………………………... 73 

 

 



    

 x. 

LIST OF FIGURES 

3.2.1.  Sample stimuli from the non-clinical faces test (EFT)  ………………………. 39 

3.4.1. Average recognition accuracy score of women and men on male versus female 

faces on the WMS-Immediate and WMS-Delayed combined…………..................... 43 

3.4.2. Average recognition accuracy comparing scores on male versus female faces 

on the WMS-Immediate, WMS-Delayed, and EFT tests  ………………………. 44 

3.4.3. Mean accuracy scores of distractor and target faces compared for each test ….. 45 

3.4.4.  Average recognition accuracy scores of women and men on male versus 

female faces on the WMS-Immediate and EFT  ………………………………........... 47 

4.4.1. Mean percent accuracy for men and women as a function of sex of the 

stimulus face and time of administration (i.e., pre- vs. post-surgery) …………........... 78 

4.4.2.  Average face recognition accuracy (in percent) for men and women based on 

hemisphere of epilepsy/surgery  ……………………………………………………... 79 

4.4.3. Mean percent accuracy for male/female target/distractor faces as a function of 

hemisphere of epilepsy/ surgery  ………………………………….............................. 81 

4.4.4. Mean percent accuracy on the WMS-Immediate and the WMS-Delayed as a 

function of sex of the stimulus face  …………………………………………………. 82 

4.4.5. Mean percent accuracy as a function sex of face, type of stimulus, and test 

administration (i.e., WMS-Immediate, WMS-Delayed)  ………………….................. 83 

 

 



  1  

   

Chapter 1 

General Introduction 

Our ability to remember is “central to all cognitive functions and probably to all 

that is characteristically human in a person’s behavior” (Lezak, Howieson, Loring, 

Hannay, & Fisher, 2004; p. 24) in that impairments in memory can be disorienting if 

mild, or isolating and may make one completely dependent on others if severe (Lezak et 

al., 2004).  Given the importance of memory to our functioning, it is not surprising that 

different systems exist within our brain to create, to store, and to help retrieve different 

kinds of memories.  It is unclear at this time how many different kinds of memory types 

and affiliated systems there actually are, but some researchers argue that there are at least 

256 (see Tulving, 2007 for a complete list).     

One kind of memory proposed by Tulving (2007) in his list of Memory Types is 

the memory for faces.  Face memory involves the ability to determine whether a face is 

one that has been seen before or whether it is new.   It is a process that we engage in each 

day as we identify the members of our family, our friends, neighbours, coworkers, and 

others.  We also rely on this ability to identify our enemies, to verify photo identifications 

(e.g., drivers’ licenses, passports), or to identify a suspect in a crime (e.g., the police have 

posted photos of individuals involved in the riots in London in 2011 and in Vancouver in 

2010 on websites so that the public can help identify them).  A failure in the face 

recognition process could thus have many consequences.  For example, the 

misidentification of an unknown person as a friend (or vice versa) could lead to social 

embarrassment.  On a more serious note, the misidentification of an innocent individual 

as the perpetrator of a crime could lead to incarceration and, in some countries, even 
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death.  Therefore, the ability to recognize faces accurately is critical to our functioning 

within various social contexts, and errors in this domain could carry serious penalties. 

The Uniqueness of Faces 

Given the importance of face recognition in our daily functioning, many 

researchers have focused on determining whether face recognition is an independent 

process with dedicated brain regions/systems, or whether face recognition is a part of 

other processes such as those underlying the recognition of other non-face objects.   

Faces are unique. 

In support of the uniqueness of faces, cognitive researchers present evidence that 

shows that when photos of faces are inverted they become more difficult to recognize 

(i.e., inversion effect), but the same cannot be said for other non-face objects (Yin, 1969).  

Thompson (1980) argued that this inversion effect is present in faces because the spatial 

relationships between the facial features (i.e., their configuration) that are critical to the 

face’s recognition cannot be processed when the face is inverted.  In contrast, because the 

identification of objects is not reliant on the discrimination of fine spatial relationships 

between the non-face object’s parts, this same effect does not occur during inversion.  

Evidence for separate face recognition and object recognition systems is also 

found in neurologically-focused studies, where researchers found that the fusiform gyrus, 

and more specifically the fusiform face area (FFA), responds selectively to the 

presentation of faces (Kanwisher, McDermott, & Chun, 1997).  Additionally, recordings 

of event-related potentials (ERPs) from the visual cortex have shown selective responses 

for faces in that region of the brain as well (Bentin, Allison, Puce, Perez, & McCarthy, 

1996).  Finally, research with patients with brain damage also provides evidence for a 
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unique processing route for faces by showing that a “double dissociation” is present when 

processing faces versus non-face objects.  More specifically, researchers and clinicians 

have confirmed the existence of individuals who have impaired facial processing, and 

whose ability to process other non-face objects is spared (i.e., prosopagnosia; see Farah, 

1996 for a review), thereby providing further evidence for the uniqueness of facial 

processing. 

A face is just another object. 

A number of researchers (e.g., Tarr & Cheng, 2003), however, have argued that 

the same system used to process non-face objects is also used to process faces.  They 

hypothesize that this system has multiple levels, processing non-face objects at an earlier 

stage, and then allowing for the additional processing of faces at a later stage within this 

same system (Farah, 1996).  This additional step in processing of faces is needed because 

faces are very homogenous in their appearance (Rhodes, 1993), as they all consist of the 

same set of features (e.g., eyes, nose, mouth) that are located in the same pattern on the 

face (e.g., the nose is between the eyes and directly above the mouth).  Where individual 

faces differ is in the shape, size and colour of the features, as well as in the 

spacing/alignment (configuration) of these features on the face.  These differences are 

often slight, at times equalling only a few millimeters, and thus require one to make very 

specific and precise judgments.  It is due to the need for these precise judgments that 

additional processing may be required when viewing faces (Farah, 1996).  This 

processing however, is thought to take place within the same system (Farah, 1996). 

Research using neuroimaging technology, the inversion technique, and research 

involving patients with prosopagnosia all provide evidence for a single object-face 
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recognition system.  For example, with the use of neuroimaging technology, researchers 

found that the same brain areas that became activated when an individual viewed faces 

(i.e., the fusiform face area; FFA) were also activated when other highly homogeneous 

objects such as Greebles (artificial non-face stimuli that are very similar in their 

appearance) were viewed (Gauthier, Skudlarski, Gore, & Anderson, 2000). Research with 

patients with prosopagnosia found that, in addition to faces, these individuals also often 

lose the ability to distinguish between non-face objects that are similar in overall shape 

(e.g., cars, animals; Damasio, Damasio, & Van Hoesen, 1982).  Finally, researchers 

found that the inversion effect previously reported for faces was also found when other 

non-face objects of “expertise” were inverted.  For example, Diamond and Carey (1986) 

found an inversion effect among dog experts when they viewed inverted photos of 

various dog breeds. 

 Although the above evidence provides limited support for the presence of a single 

system, it is important to note that, as mentioned earlier, this system is thought to process 

faces at a higher level than it processes most other non-face objects.  This need for an 

additional step lends further support to the argument that faces are indeed at least 

somewhat unique and thus require special/separate attention in research.  

Neuroanatomy of Face Recognition 

In the context that faces have been deemed unique with regards to how they are 

processed by the brain, researchers have turned their attention to identifying the exact 

regions of the brain responsible for these processes.  Summarizing the research conducted 

on brain activation, Haxby, Hoffman and Gobbini (2000) put forth a model of the human 

neural system for the processing of faces.   In their model, Haxby and colleagues (2000) 
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proposed that the inferior occipital gyri are important in receiving information about the 

presence of faces and are involved in the early perception of the faces’ features.  From 

here, the information is sent through two independent streams.  One stream involves the 

processing of what Haxby and colleagues (2000) term “changeable aspects” of the face, 

such as the movement of the eyes, lips, and other parts of the face.  The second stream 

involves the processing of “invariant aspects of faces” such as the face’s identity.  The 

former stream passes through regions of the superior temporal sulcus, whereas the latter 

stream passes through the lateral fusiform gyrus located in the inferior temporal sulcus 

(Kanwisher et al., 1997) – Haxby and colleagues considered these regions the core parts 

of the system.  From these core regions, Haxby and colleagues (2000) proposed that other 

regions of the brain, that are part of the “extended system”, are recruited to analyze more 

specific aspects of the face such as direction of eye gaze (intraparietal sulcus, frontal eye 

fields), lip movements (auditory cortex), emotions (limbic system, ventral frontal 

regions), and identity (anterior temporal regions; Sergent, Ohta, & MacDonald, 1992).   

Within these brain regions are different types of neurons that are responsible for 

different types of processes.  For example, researchers have noted the presence of special 

neurons within the face processing system that are uniquely involved in the perception of 

emotions and movement.  These neurons, termed mirror neurons, become active when 

one is expressing emotions or performing a movement, as well as when one is observing 

others doing the same (Brothers , 1990; Gallese, Keysers, & Rizzolatti, 2004).  Another 

example may be the presence of “grandmother cells”, found primarily in the medial 

temporal lobe region of the human brain, that respond selectively to the face of a very 
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familiar individual (e.g., one’s grandmother) (Quiroga, Reddy, Kreiman, Koch, & Fried, 

2005).   

Building on Haxby and colleagues’ (2000) model, researchers have examined the 

specific role in the memory for faces of some of the core areas identified above, as well 

as of brain regions involved in the “extended system”.  As such, they have narrowed their 

focus to the role of two main brain regions: (a) the prefrontal cortex, and (b) the inferior 

temporal cortex (i.e., Fusiform Face Area; FFA). More specifically, during an event-

related functional Magnetic Resonance Imaging (fMRI) study where participants were 

asked to memorize a series of faces and then to determine if a probe face was one of the 

faces they were asked to remember, Druzgal and D’Esposito (2003) found that the 

prefrontal cortex became activated during initial encoding of the faces (i.e., during the 

learning stage), maintained its activation during the delay between learning and the 

probe, and then became additionally activated during the recognition stage suggesting 

that the prefrontal cortex is involved in all three processing stages.  The FFA in contrast, 

became activated during the initial encoding stage and then again during the recognition 

component of the test, suggesting that its role is primarily during the encoding and 

retrieval stages of face processing, but the storage of the information about the faces is 

likely delegated to the prefrontal cortex. 

Contributions of left and right hemispheres. 

As with many cognitive functions, an asymmetry exists in the engagement of the 

two hemispheres during facial processing (Dien, 2009).  More specifically, researchers 

have consistently found a strong right hemisphere advantage for faces in studies using 

various neuroimaging techniques (Kanswisher et al., 1997; Sergent et al., 1992), in lesion 
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studies with patients with prosopagnosia (DeRenzi, 1986), as well as in studies using 

divided field methodology (Geffen et al., 1971; Rizzolatti, Umilta, & Berlucchi, 1971; 

Young, Hay, & McWeeney, 1985).   

Although there is much accumulated evidence implicating the right hemisphere in 

facial processing, Rhodes (1985) cautions against assuming that a right hemisphere bias 

implies the lack of involvement of the left hemisphere.  In fact, most studies that assessed 

brain activation during face processing reported bilateral activation (even though the 

activation was stronger in the right hemisphere; Kanwisher et al., 1997; Sergent et al., 

1992), and lesion studies with patients with prosopagnosia found that bilateral lesions 

resulted in more severe face recognition deficits than lesions restricted only to the right 

hemisphere (Barton, 2008).   

Further stressing the importance of the left hemisphere in face processing, some 

researchers reported a left hemisphere advantage for distractor faces (i.e., faces that are 

used as decoys in a yes/no recognition task: In such a task participants would be asked to 

learn a series of faces and would then have to recognize the learned faces among 

distractors) under divided visual field conditions (Patterson & Bradshaw, 1975; Sergent, 

1982).  Finally, in a Positron Emission Tomography (PET) study, Rossion and colleagues 

(2000) found, that although the right hemisphere was activated when participants were 

asked to match whole faces, the left hemisphere became more activated when participants 

engaged in the matching of individual features.  Therefore, although a right hemisphere 

bias exists with regards to face recognition, there is currently some support to suggest 

that the left hemisphere is also involved - possibly when identifying distractors, or when 

matching facial features - but more studies are necessary to clarify these findings.     
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Sex Differences in Face Recognition 

Although activation of the left hemisphere has been reported during face 

processing, Kanwisher and colleagues (1997) noted that this activation varies depending 

on the individuals studied.  These researchers however, did not provide an explanation as 

to why this variability occurs. One possibility is that the sex of the participants may be 

influencing the results. Sex differences in brain activation during various cognitive tasks 

have been reported in the literature.  For example, men and women differ in the brain 

regions involved during mental rotation tasks (Hugdahl, Thomsen, & Ersland, 2006; 

Jordan, Wüstenberg, Heinze, Peters, & Jäncke, 2002).  This sex difference in brain 

activation is reflected in consistent differences in accuracy, whereby men have been 

found to outperform women (see Voyer, Voyer, & Bryden, 1995 for review).  With 

regards to face processing, several researchers have provided evidence showing that in 

men, the brain activation during face processing (as measured by cerebral blood flow and 

ERPs; Event-Related Potentials) is lateralized to the right hemisphere, whereas women 

evidenced activation in both hemispheres (Everhart, Shucard, Quatrin, & Shucard, 2001; 

Njemanze, 2006).  Therefore, it is possible that the inconsistencies in left hemisphere 

activation reported by Kanwisher and colleagues (1997) could be explained by 

considering the sex of the participant as a variable. 

Consistent with this suggestion, researchers examining individual differences in 

performance on face recognition tasks have also found sex differences.  Sex differences 

in face recognition can be assessed at two levels: (a) at the level of the participant (i.e., 

differences between men and women), and (b) at the level of the stimulus face (i.e., 
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differences between male and female faces). Accordingly, these two levels are examined 

separately below. 

Sex differences at the level of the participant.  

At the level of the participant, the majority of studies report that, on average, women 

obtain better recognition accuracy than men (Lewin & Herlitz, 2002; Rehnman & Herlitz, 

2007; Lovén, Herlitz, & Rehnman, 2011).  Table 1.1 provides a list of these studies along 

with a summary of their findings.    A thorough search of the literature did not uncover 

any published studies to date that report that men outperformed women on face 

recognition tasks.  Consequently, the dominant view among researchers is that women 

are better than men at face recognition. 

 

Table 1.1 

Summary of Studies Examining Sex Differences in Face Recognition at the Level of the 

Participant on Clinical and Non-Clinical Tests of Face Recognition 

Author (year) Source of faces Number of participants 

Statistically 

significant results 

(p<.05) 

Studies that Used Clinical Tests of Face Recognition 

Basso et al., 2000 WMS-III-FS 52 (26 women, 26 men) No sex 

differences 

Rizk-Jackson et al., 2006 WMS-III-FS 27 (13 women, 14 men) No sex 

differences. 
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Author (year) Source of faces Number of participants 

Statistically 

significant results 

(p<.05) 

Temple & Cornish, 1993 Warrington's 

Recognition 

Memory Test for 

faces 

128 children (64 girls, 64 

boys) 

No sex 

differences. 

Studies that Used Non-Clinical Tests of Face Recognition 

Cross et al., (1971) Highschool 

yearbooks and 

school portraits 

240 children (120 girls, 

120 boys), 60 adults (30 

women, 30 men) 

Women > men. 

Ellis et al., (1973) Photos of 

undergraduates 

60 children (30 girls, 30 

boys) 

Girls > boys. 

Feinman & Entwisle, 

1976 

Created own 

photos 

228 children Girls > boys. 

Guillem & Mograss, 

2005 

MED bank of 

faces 

26 (10 women, 16 men) Women > men. 

Herlitz et al., 2013 n/a 187 (102 girls, 85 boys) Girls > boys. 

Herlitz & Yonkers, 2002 n/a 187 (99 women, 88 men) Women > men. 

Hill et al., 1995 n/a 84 elderly (63 women, 21 

men) 

Women > men. 

Lewin et al., 2001 n/a 185 (94 women, 91 men) Women > men. 

Lewin & Herlitz, 2002 n/a 192 (99 women, 93 men) Women > men. 
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Author (year) Source of faces Number of participants 

Statistically 

significant results 

(p<.05) 

Lovén et al., 2011 Database, school 

and workplaces 

134 (70 women, 64 men) Women > men. 

Rehnman & Herlitz, 

2006 

Schools and 

workplace photos 

197 children (109 girls, 88 

boys) 

Girls > boys.  

Rehnman & Herlitz, 

2007 

n/a 219 (112 women, 107 men) Women > men. 

Slone et al., 2000 Yearbook 129 (94 women, 35 men) Women > men. 

Sporer, 1993 n/a 145 (75 women, 70 men) Women > men. 

Sugisaki & Brown, 1916 Yearbooks 6 adults, 15 children Girls > boys. 

Note: Searches were done using on-line databases (e.g., PsycInfo, GoogleScholar, 

Medline,  Scopus), and supplemented by manually inspecting the references in published 

articles as well as by using reverse citation searches of published articles. The targeted 

research examined face recognition memory (i.e., research where participants were 

presented with a series of faces and then were asked to identify those faces).  Research 

that clearly did not assess memory (i.e., there was minimal delay between learning and 

testing) is not included in the review.  Research using children was included in this table, 

as it showed that these sex differences are present even early in human development.   

 

Many possible explanations have been proposed to account for this female 

superiority.  For example, some researchers have argued that women are superior in face 
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recognition because they are more “relationship oriented” (Jobson & Watson, 1984), and 

are more interested in other people (Lippa, 1998).  It is unclear, however, whether these 

explanations suggest a biological basis for the sex differences (i.e., women were born to 

be more relationship oriented), or whether these differences are more socially based (i.e., 

women are encouraged/taught to be more relationship oriented).  In support of the 

biological basis of these behaviours, research with infants suggests that these sex 

differences may be present as early as infancy1, in that infant girls look at faces longer 

than do infant boys (Connellan, Baron-Cohen, Wheelwright, Batki, & Ahluwalia, 2000).   

A more cognitively-based explanation proposed to account for the sex differences 

at the level of the participant focuses on the way in which men and women process faces.  

More specifically, in an ERP study, Guillem and Mograss (2005) found that women tend 

to focus more on the details of the face (i.e., the individual features such as the eyes, 

nose, mouth, etc.), whereas men examine the whole face (i.e., the configuration/spatial 

relationships between the features) when remembering faces.  Other researchers (Bourne, 

Vladeanu, & Hole, 2009; Renzi, Schiavi, Carbon, Vecchi, Silvanto, & Cattaneo, 2013; 

Scott & Nelson, 2006) found evidence to suggest that the right hemisphere is more 

specialized for configural (spatial) processing, whereas the left hemisphere is more 

specialized for featural (detail) processing.  Therefore, if men tend to engage more in the 

configural processing of faces and configural processing occurs in the right hemisphere, 

it follows that they should evidence more activation in the right hemisphere.  In contrast, 

if women tend to process faces more featurally and featural processing is a left 

hemisphere function, it follows that they should evidence more activation in the left 

                                                 
1 For a review of the development of face recognition during infancy see Nelson (2001).   For a review of 
the development of face recognition throughout childhood see Chung & Thomson (1995). 
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hemisphere. This is supported by Njemanze’s (2006) and Everhart and colleagues’ (2001) 

findings. Given that men and women likely use different parts of their brain in processing 

faces, and use different strategies to remember the faces, it is not surprising that they 

would differ in how well they recognize faces.  It remains unclear, however, why women 

would outperform men (i.e., why is the way women process and recognize faces better). 

A possible explanation may be, that although men are lateralized to the right when 

processing faces, women are less lateralized (i.e., they involve both hemispheres when 

processing faces) – an assertion that is consistent with the results of a meta-analysis of 

functional asymmetries in verbal and non-verbal abilities (Voyer, 1996).  This decreased 

functional asymmetry may account for the superior performance of women on tasks 

requiring the processing of faces, as in some processes (e.g., dichotic word, syllable or 

digit recognition, and dot location recognition) lesser asymmetry has been linked to 

superior performance irrespective of the sex of the participant (Boles, Barth, & Merrill, 

2005). 

Further support of this assertion, comes from a study by Godard and Fiori (2010) 

involving split-field masked prime paradigm.  In this study participants were presented 

with a face either bilaterally, or to the right or left hemisphere.  Following a brief delay 

(1200 ms), the participants were presented with another face, and had to determine 

whether the first face was the same as this second face.  They recorded participants' 

matching accuracy and their reaction times.  Although Godard and Fiori (2010) did not 

find any sex differences at the level of the participants with regards to their matching 

accuracy, they did find that men responded slower than women regardless of the 

presentation and that they took especially long to respond when the face was presented to 
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their left hemisphere.  In contrast, no differences in response times across hemispheres 

were found for women.  Based on these results, the researchers concluded that this 

suggests that women are less lateralized for facial processing than are men.  It is, 

however, unclear whether these findings would also apply to tasks assessing face 

recognition memory. 

Sex differences at the level of the stimulus. 

Researchers have also examined the impact of the sex of the stimulus face on face 

recognition accuracy and have found that, in general, women’s faces were recognized 

more accurately than were men’s faces (Rehnman & Herlitz, 2007; Shapiro & Penrod, 

1986).  This ”preference” for female faces is present in even very young infants (as 

young as 12 hours), as the infants were able to discriminate their mother’s face from that 

of a female stranger (Bushnell, Sai, & Mullin, 1989; Walton, Bower, & Bower, 1992), 

but the infants were unable to discriminate their father’s face from that of a male stranger 

(Walton et al., 1992).  These results hold even when the mother’s face is matched for 

characteristics (e.g., hair, complexion etc.) with the stranger’s face (Bushnell et al., 1989; 

Walton et al., 1992), and persists when the mother’s/stranger’s faces are presented in real 

life (Bushnell et al., 1989) or in photos (Walton et al., 1992).  

It is unclear exactly why individuals would recognize female faces with more 

accuracy than male faces, but one hypothesis suggests that it may be due to individuals 

having more experience with female faces from very early on as a result of children being 

primarily raised by their mothers (Laflamme, Pomerleau, & Malcuit, 2002; Rennels & 

Davis, 2008) and the fact that the majority of child care providers (e.g., babysitters, day-

care workers, and teachers) are also women (Ranck, 1999).  In contrast, researchers 
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found that children tend to have comparably less experience with males and male faces 

(Bailey, 1994).  It might therefore be the greater experience with female faces that may 

predispose individuals to be more accurate in recognizing them.  

This greater accuracy in recognizing female faces, however, is superseded by an 

interaction between the sex of the participant and sex of the face.  More specifically, 

although a preference for female faces was reported by many researchers, this preference 

was largely due to a same-sex bias among women (Lewin & Herlitz, 2002; Rehnman & 

Herlitz, 2007; Wright & Sladden, 2003).  When the performance of men was examined in 

a similar manner, the findings were more mixed with some studies finding a same-sex 

bias for men (Wright & Sladden, 2003), some studies finding an opposite-sex bias for 

men (Feinman & Entwisle, 1976; Rehnman & Herlitz, 2007), and still other studies 

finding no-sex bias for men (Rehnman & Herlitz, 2006; Slone, Brigham, & Meissner, 

2000).  Consequently, although women recognize female faces more accurately than 

male faces, there does not appear to be any consensus on which faces are recognized 

more accurately by men.  Table 1.2 provides a list of these studies along with a summary 

of their findings. 

Table 1.2 

Summary of Studies Examining Sex Differences in Face Recognition at the Level of the 

Stimulus on Clinical and Non-Clinical Tests of Face Recognition 

Author (year) Source of faces Number of participants 

Statistically significant 

results (p<.05) 

Studies that Used Non-Clinical Tests of Face Recognition 
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Author (year) Source of faces Number of participants 

Statistically significant 

results (p<.05) 

Cross et al., 

(1971) 

Highschool 

yearbooks and 

school portraits 

240 children (120 

girls, 120 boys), 60 

adults (30 women, 30 

men) 

Same-sex bias for 

women. 

Ellis et al., (1973) Photos of 

undergraduates 

60 children (30 girls, 

30 boys) 

Same-sex bias for girls. 

Feinman & 

Entwisle, 1976 

Created own 

photos 

228 children Same-sex bias for girls. 

Lewin & Herlitz, 

2002 

n/a 192 (99 women, 93 

men) 

Same-sex bias for 

women. 

Lovén et al., 2011 Database, school 

and workplace 

photos 

134 (70 women, 64 

men) 

Same-sex bias for 

women. 

Lovén et al., 2013 Database 29 (15 women, 14 

men) 

Same-sex bias for 

women.  

Mason, 1986 Yearbooks and 

alumni photos 

86 (women only) Same-sex bias. 

Palmer et al., 

2013 

Database 113 (68 women, 45 

men) 

Same-sex bias for 

women. 

Rehnman & 

Herlitz, 2006 

Schools and 

workplace photos 

197 children (109 

girls, 88 boys) 

Same-sex bias for girls. 
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Author (year) Source of faces Number of participants 

Statistically significant 

results (p<.05) 

Rehnman & 

Herlitz, 2007 

n/a 219 (112 women, 107 

men) 

Same-sex bias for 

women. 

Slone et al., 2000 Yearbook 129 (94 women, 35 

men) 

Same sex bias for 

women. 

Sporer, 1993 n/a 145 (75 women, 70 

men) 

Same-sex bias for 

women. 

Sugisaki & 

Brown, 1916 

Yearbooks 6 adults, 15 children Same-sex bias for all 

participants.   

Wright & 

Sladden, 2003 

Internet and old 

photos from 

department 

40 (20 male, 20 

female) 

Same sex bias for men 

and women. 

Note: Searches were done using on-line databases (e.g., PsycInfo, GoogleScholar, 

Medline,  Scopus), and supplemented by manually inspecting the references in published 

articles as well as by using reverse citation searches of published articles. The targeted 

research examined face recognition memory (i.e., research where participants were 

presented with a series of faces and then were asked to identify those faces).  Research 

that clearly did not assess memory (i.e., there was minimal delay between learning and 

testing) is not included in the review.  Research using children was included in this table, 

as it showed that these sex differences are present even early in human development. 
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Recent research that has examined the potential reasons for this same-sex bias 

among women has primarily focused on determining whether attentional factors during 

encoding may contribute to women remembering female faces more accurately.  

Unfortunately, the studies provided contradictory results.  Specifically, in their research, 

Palmer, Brewer, and Horry (2013) found that divided attention did impair women's 

recognition accuracy of female faces in the divided attention condition versus normal 

attention condition.  In contrast, Lovén, Herlitz, and Rehnman (2011) found, that the 

magnitude of women's same-sex bias was not reduced when encoding took place during 

divided attention conditions versus normal attention conditions, suggesting that attention 

at encoding did not play an important role in explaining same-sex bias.   Given the 

contradictory results, it is difficult at this time to determine whether attentional factors 

could help explain the same-sex bias among women. 

Another potential explanation for the same-sex bias among women comes from a 

recent study by Lovén, Swärd, Ebner, Herlitz, and Fischer (2013).  In this study, the 

researchers had individuals passively view a series of faces while undergoing an fMRI.  

The participants were later surprised with a test of their recognition ability of the faces 

they had viewed.  As expected, the results of this study revealed a same-sex bias among 

women.  More importantly, however, the researchers found that women showed higher 

brain activity levels in the left fusiform gyrus and in the inferior occipital gyrus when 

presented with female faces than when presented with male faces.  This pattern was not 

present among male participants.  Although it is necessary to replicate these findings, the 

results do suggest that there may be differences in brain activation that could account for 

the differences in same-sex bias.   
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Clinical Findings in Face Recognition 

The findings of the above studies have all come from research using non-clinical 

tests of face recognition (i.e., tests constructed by the investigators for the purpose of that 

study).  Most clinicians, however, rely on clinical tests when they are assessing patients 

with various memory-related complaints/conditions, as these tests are presumed to 

provide diagnostically valuable information.  Given that sex differences have been found 

on non-clinical tests of face recognition, it follows that these sex differences should also 

be present on clinical tests of face recognition, if the clinical tests are to provide 

information that is consistent with the knowledge gleaned from research. 

Wechsler Memory Scale – Third Edition - Faces Subtests. 

One of the most widely available and commonly used clinical tests of face 

recognition is a series of two subtests originally included as part of the Wechsler Memory 

Scale – Third Edition (WMS-III; Wechsler, 1997) – a battery of tests that assess various 

aspects of short-term and long-term memory.  As part of these face recognition subtests 

(WMS-FS), the participants are asked to learn 24 faces (targets) presented one at a time.  

They are then asked to identify these faces from among 24 new faces (i.e., distractors) 

immediately following the learning session as part of the immediate recognition test 

(WMS-Immediate) that assesses short-term memory for faces.  Then, 30-35 minutes later, 

the participants are asked to recognize the target faces from among 24 new distractor 

faces as part of the delayed subtest (WMS-Delayed) that assesses long-term memory for 

faces.  The total number of correctly identified faces on each subtest is tallied, and the 

scores are transformed into scaled scores using age-normed tables.  These scaled scores 

range from 1-19 (M= 10, SD= 3), with scores lower than seven representing impairment, 
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scores ranging between seven and 13 are considered average, and scores above 13 

corresponding to superior performance.  The scaled scores allow the researcher/clinician 

to see how well the participant did on each test in comparison to others her/his age who 

took the test as part of the standardization sample. 

Although the WMS-III provides scaled scores based on the participant’s age, it 

does not distinguish between men and women in the normative tables2.  This could be 

problematic, as the research presented earlier suggests that differences in face recognition 

exist between men and women, as well as between male and female faces.  It would 

therefore seem appropriate for the WMS-III to provide scaled scores separately for men 

and women (and possibly for male and female faces) for the WMS-FS.    

The few researchers that used this test in their studies, however, did not find any 

sex differences on the WMS-FS (Basso, Harrington, Matson, & Lowery, 2000; Rizk-

Jackson, Acevedo, Inman, Howieson, Benice, & Raber, 2006), but both these studies had 

a number of methodological issues.  For example, in the Basso and colleagues’ (2000) 

study (N=52), the researchers transformed the raw scores into scaled scores prior to 

analyses, thereby eliminating a proportion of the variance, as participants with different 

raw scores are assigned the same scaled score.  With regards to the Rizk-Jackson and 

colleagues’ (2006) study, the sample size was extremely small (N= 27) and the WMS-

Delayed was not administered according to standardized instructions, as only a 5-minute 

delay was used between the administration of WMS-Immediate and WMS-Delayed - the 

standardized instructions call for a 30-35 minute delay between the two subtests.  It is 

                                                 
2 Although it is not uncommon for standardized clinical tests to be designed in such a way as to minimize 
sex differences (Halpern, 2012), the technical manual accompanying the WMS-III does not mention that 
this was indeed done with this test (The Psychological Corporation, 1997). 
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therefore, possible that these methodological issues could have been at least in part 

responsible for the lack of significant sex differences on the WMS-FS.  Moreover, neither 

of these studies examined sex differences at the level of the face stimulus, the interaction 

between the sex of the participant and the sex of the stimulus face, or the possible sex 

differences based on the type of the stimulus face (i.e., target versus distractor; Patterson 

& Bradshaw, 1975; Sergent, 1982).  No other studies to date appear to have examined sex 

differences in performance on the WMS-FS.      

The clinical utility of the WMS-FS. 

The lack of research into sex differences on the WMS-FS may have significant 

repercussions for clinicians, as not understanding the role of sex differences on this test 

can compromise the test’s clinical utility.  In other words, if sex differences on the WMS-

FS are present but not acknowledged in the scaled score tables, then comparing the scores 

of men or women to norms based on their combined scores may decrease the test’s 

sensitivity for detecting deficits (or abilities) in face recognition.   

This may, in fact, be the case when the test is used with individuals with epilepsy, 

as neuropsychologists working with this group have criticized the test for its inability to 

accurately identify the hemisphere affected by epilepsy (Dade & Jones-Gotman, 2001; 

Jones-Gotman, Smith, Risse, Westerveld, Swanson, Giovagnoli et al., 2010). Clinicians 

working with individuals with epilepsy often need to determine which cognitive 

functions are affected by the disorder and which are spared.  Moreover, they also need to 

be able to localize the various cognitive functions to the left or the right hemisphere, 

especially when surgical treatment requiring the removal of parts of the right or left 

hemisphere is imminent.  In these cases, the clinician needs to be able to determine prior 
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to the surgery which cognitive functions may be affected, and it is here that the WMS-FS 

has received the most criticism.   

 WMS-FS and epilepsy. 

Epilepsy is a disorder that affects approximately 50 million people worldwide 

(World Health Organization, 2009), including 300,000 Canadians (Epilepsy Canada, 

2011).  It is characterized by a predisposition to seizures as a result of “enduring 

alterations in the brain” (Fisher, van Emde Boas, Blume, Elger, Genton, Lee, & Engel, 

2005, p. 472) and can lead to considerable consequences such as an increased incidence 

of accident related injuries (Beghi & Cornaggia, 2002), higher rates of unemployment 

(Strine, Kobau, Chapman, Thurman, Price, & Balluz, 2005), and increased self-reports of 

psychological distress, sleep impairment, pain and serious mental illness (Strine et al., 

2005).  Individuals with epilepsy also have lower life expectancy due to a higher rate of 

injuries and other illnesses (Derby, Tennis, Jick, 1996).  There are many subtypes of 

epilepsy that vary based on the brain regions affected by the seizures.  The most common 

subtype of epilepsy, temporal lobe epilepsy (TLE), originates in the limbic system (i.e., 

amygdala and/or hippocampus) and spreads throughout the temporal lobe (Quesney, 

1986).   

Two primary forms of treatment are available for the disorder.  The most 

conventional treatment is drug therapy (Deckers, Keyser, van Lier, Meinardi, & Renier, 

2001), however, long-term drug therapy can have serious side-effects such as cognitive 

impairment (26-32% of cases), mood disturbances (16-38% of cases), and sedation (41-

53% of cases; Deckers et al., 2001).  In cases where the medication is not effectively 

controlling the seizures and the seizures are localized to a defined area within the brain 
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that could be removed, surgical treatment to remove the affected areas may be considered 

(Choi, Lenert, Muennig, Goodman, Gilliam, & Wong, 2008).  The two most common 

surgeries for TLE are: (a) temporal lobe resection that generally involves the removal of 

the cortex located along the Sylvian fissure and precentral gyrus, along with the entire 

amygdala, parts of the hippocampus and parahippocampal gyrus, and at times may go as 

far as to resect the fusiform gyrus; or (b) amygdalohippocampectomy that generally 

involves the removal of the hippocampus, and either a partial or a complete resection of 

the amygdala through an incision made in the second temporal gyrus just below the 

superior temporal sulcus  (the amount of tissue removed depends on the patient’s case 

and on the individual surgeon’s approach; Dade & Jones-Gotman, 2001; Lee, 2010). 

The outcome of the surgery varies depending on the areas of the brain that are 

removed, the extent of the resection, and the hemisphere involved.  In general, 

individuals whose seizures were located in the left hemisphere tend to evidence 

difficulties with verbally-based tasks (Helmstaedter & Elger, 1996; Saling, Berkovic, 

O’Shea, Kalnins, Darby & Bladin, 1993), whereas individuals whose seizures were 

located in the non-dominant right hemisphere tend to have difficulties with visually-

based tasks (Helmstaedter, Pohl, Hufnagel, & Elger, 1991). 

Given that most face processing systems are located in the temporal lobe (i.e., 

superior and inferior temporal gyri as well as the fusiform gyrus), and given that TLE 

(and surgery to treat TLE) affects the temporal lobe (i.e., superior and middle temporal 

gyri, parahippocampal and fusiform gyri, hippocampus and amygdala), it is not surprising 

that deficits have been noted in patients with TLE on face-based tasks.  These deficits are 

present at the memory stage of processing rather than at the perception stage (Carvajal, 
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Rubio, Martín, Serrano, and García-Sola, 2009; Chiaravalloti & Glosser, 2004), and are 

largest when the right hemisphere is affected, becoming magnified when the right 

hemisphere is surgically removed (Chiaravalloti & Glosser, 2004).   

Despite the strong involvement of the right temporal lobe both in TLE and in face 

recognition, it is surprising that clinicians have felt that the WMS-FS is not particularly 

useful/ sensitive for classifying the hemisphere of seizure activity.  This opinion has been 

supported by at least one study examining the utility of the WMS-FS in individuals with 

TLE (Wilde et al., 2001).  In contrast however, a study by Doss, Chelune and Naugle 

(2004) found that the WMS-FS was indeed sensitive in classifying patients with left TLE 

versus right TLE.  These conflicting results are likely due to the fact that Wilde and 

colleagues’ (2001) study considered patients who had not undergone surgery, whereas 

Doss and colleagues (2004) tested patients after they had surgery to control their seizures.  

In support of this assertion, Dade and Jones-Gotman (2001) argued that many face 

recognition tests show poor classification ability specifically with patients who have a 

“less well-delineated brain disturbance, such as in unoperated patients with epilepsy” (p. 

526).  Therefore, although the test may be sensitive enough to classify more extreme 

cases of brain damage, it may not be sensitive enough to classify patients with damage 

that is less extensive.  However, no study to date has directly compared the performance 

of patients with right TLE and left TLE on the WMS-FS both before and after surgery. 
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Chapter 2 

Goals of Present Research 

 The following two articles aim to clarify some of the issues identified above.  

Specifically, the goal of the first article was to address the uncertainty surrounding the 

presence of sex differences on the WMS-FS when used in research with healthy 

individuals.  Although two other studies have used the WMS-FS for this purpose (i.e., 

Basso et al., 2000; Rizk-Jackson et al., 2006), these studies did not examine differences 

based on the sex of the face, and did not consider an interaction between the sex of the 

participants and sex of the face.  As mentioned earlier, they also had a number of 

methodological issues that may have affected the finding of significant sex differences. 

The study in Article 1 addressed these gaps.  Moreover, this study also examined sex 

differences at the level of the stimulus type (i.e., target versus distractor), as research by 

Patterson and Bradshaw (1975) and Sergent (1982), and Rossion and colleagues (2000) 

suggests that there may be sex differences at this level as well.  Finally, the study in 

Article 1 compared the performance of a single group of individuals on the WMS-FS and 

a non-clinical test (EFT) constructed specifically for this study.  Raw scores were used in 

the analyses – raw scores were not transformed into scaled scores on the WMS-FS, as 

transforming raw scores into scaled scores could have resulted in the loss of variance 

(i.e., the same scaled score could be assigned to participants with different raw scores). 

Using raw scores also made it possible to compare participants’ performance on the two 

tests.  This comparison allowed for an examination of whether any discrepancies in 

results between the WMS-FS and the results using non-clinical tests reported in the 

literature on sex differences may be due to different samples, or whether test 
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characteristics (i.e., the selection of the stimuli) may play a role.  Examining the WMS-

FS for sex differences provided the first steps to determining whether scaled scores 

should be calculated differently for each sex, or whether a single set of scaled scores is 

sufficient.    

The study in Article 2 used the information gleaned from the above study and 

applied it to a clinical population consisting of individuals with right or left temporal lobe 

epilepsy assessed both before, as well as following, temporal lobe surgery to treat their 

seizures (TLE/S).  This particular sample was chosen for three main reasons.  First, 

unlike any other groups of patients with neurological diagnoses (e.g., Alzheimer-related, 

or stroke-related), TLE patients with temporal lobe epilepsy who qualify for (and 

undergo) surgery have neurological disruptions that are restricted to specific areas that 

vary only slightly between individuals.  Moreover, these disruptions tend to occur in 

brain regions that are involved in face recognition.  Second, the affected areas are 

restricted primarily to the right or to the left hemisphere, allowing for the direct 

comparison of the roles of the two hemispheres in face recognition processes.  Finally, 

there is a dire need for sensitive, standardized, clinical tests that assess face recognition 

abilities (especially pre-operatively) in patients with TLE/S, as the tests that are currently 

available have been reported to be inadequate (i.e., they do not allow an accurate 

classification of the hemisphere of seizures; Dade & Jones-Gotman, 2001; Jones-Gotman, 

et al., 2010).  The performance of right TLE/S and left TLE/S patients was examined 

both pre- and post-surgery. 

The goals of the study in Article 2 were two-fold.  The first goal was to provide a 

direct comparison of the pre- and post-surgery performance of patients with right and left 
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TLE/S on the WMS-FS, and to quantify the possible impact of surgery on face 

recognition abilities.  This was important, because as is noted above, the WMS-FS has 

been criticized for not being adequate at classifying patients with TLE/S based on the 

affected hemisphere.  Moreover, this criticism was particularly relevant for assessments 

conducted pre-operatively.  The second goal of the present study aimed to determine 

whether sex differences in performance were present on the WMS-FS in individuals with 

TLE/S. This is important, because, based on studies using non-clinical tests, researchers 

consistently found that sex differences in face recognition are present.  If the research 

with non-clinical tests reflects actual sex-based differences in the population, then clinical 

tests such as the WMS-FS must also reflect these differences in order to be a valid 

measure of face recognition.  Considered together, the findings from the study in Article 

2 could determine whether understanding sex differences in performance on the WMS-

FS could help improve the classification ability of patients with TLE/S.   

The findings from this work will inform researchers as to the importance of sex 

and sex-related differences when assessing face recognition abilities in clinical and non-

clinical samples, as well as shed a light on the impact unilateral disruption/damage has on 

the face recognition accuracy of men and women.  These findings may be of great value 

particularly to the clinicians working with individuals with epilepsy, as this information 

could aid them in assessing face recognition abilities in this group, to more accurately 

localize seizure activity pre-operatively, as well as to better predict potential deficits in 

face recognition following surgery.  Consequently, patients undergoing surgery as a 

treatment of their epilepsy would be better informed about the deficits they could expect 

following their surgery.   
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The general understanding of sex differences in face recognition gleaned from 

both these studies may help explain sex differences in brain anatomy (Good, Johnsrude, 

Ashburner, Henson, Friston, & Frackowiak, 2001; Yücel, et al., 2001) and brain 

activation patterns (Everhart et al., 2001; Njemanze, 2006), along with sex differences in 

various cognitive processes.  Moreover, understanding sex differences in face recognition 

could also help explain individual differences, as well as assist in the creation of effective 

interventions and treatments for people experiencing difficulties in face recognition 

whether as a result of epilepsy or as a result of other brain pathology. 
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Chapter 3 

Article 1: Sex Differences in Face Recognition on Clinical and Non-Clinical Tests 

Abstract 

Sex differences in performance across face recognition tests (clinical vs. non-clinical) 

were examined in sixty university students (31 women, 29 men).  Participants completed 

two clinical face recognition tests (Wechsler Memory Scale –III: Immediate and Delayed 

Faces subtests), and an experimenter-constructed face recognition test (Experimental 

Face Test; EFT).  Women were predicted to outperform men in accuracy on the EFT.  

Female faces were expected to be recognized more accurately on all tests, but this bias 

was predicted to be significant only for women.  Moreover, women were predicted to 

recognize target faces more accurately, whereas men were predicted to recognize 

distractor faces more accurately.  The results revealed no differences between men and 

women.  With regards to the sex of the stimulus, female faces were recognized more 

accurately on the EFT and WMS-Delayed, but male faces were recognized more 

accurately on the WMS-Immediate.  Differences in distinctiveness of the stimuli were 

proposed as explanations for these findings.  In addition, women evidenced a same-sex 

bias on WMS-Immediate and EFT.  No sex differences were found for targets and 

distractors, although distractors were recognized more accurately than targets.  The 

results suggest that inconsistencies in the literature may be due to the sample used as well 

as test characteristics.  These findings have implications for test/stimulus selection in 

future research, as well as for the use of clinical tests with a clinical population. 
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Introduction 

The process of face recognition is affected by a myriad of factors such as age and 

ethnicity of both the face and its perceiver.  Researchers have also examined the effect of 

sex on face recognition, as understanding sex differences in face recognition may help 

explain sex differences in brain anatomy (Good, Johnsrude, Ashburner, Henson, Friston, 

& Frackowiak, 2001; Yücel, et al., 2001), as well as in brain activation patterns 

(Everhart, Shucard, Quatrin and Shucard, 2001; Njemanze, 2006) and other cognitive 

processes (e.g., verbal and visuospatial domains).  In addition, understanding sex 

differences in face recognition could also help advance our understanding of individual 

differences, and help inform potential interventions and treatments for people 

experiencing difficulties in face recognition.   

In order to study sex differences in face recognition, researchers have tended to 

create their own tests using their own sources of face stimuli and testing protocols.  Using 

these tests, researchers found sex differences at the level of the participant, and at the 

level of the face stimulus.  There is also potential for sex differences to be present at the 

level of the test (i.e., affected by how the test is constructed and its characteristics). 

 With regards to sex differences at the level of the participant, researchers have 

generally found that women are more accurate at recognizing faces than are men (Lewin, 

Wolgers, & Herlitz, 2001; Lewin & Herlitz, 2002; Rehnman & Herlitz, 2007).  This 

advantage has been attributed to the greater social orientation of women (Kaplan, 1978; 

Lippa, 1998).   

Researchers studying sex differences at the level of the face stimulus found that 

female faces were recognized more accurately than were male faces (Rehnman & Herlitz, 
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2007; Lovén, Herlitz, & Rehnman, 2011; Lovén, Svärd, Ebner, Herlitz, & Fischer, 2013).  

Upon closer examination, however, it appears that this preference for female faces is 

largely due to a same-sex bias among women and the lack of a consistent bias among 

men (Rehnman & Herlitz, 2007; Wright & Sladden, 2003; Lovén et al., 2011; Lovén, et 

al., 2013).  Therefore, even though many researchers report better recognition of female 

faces when the data are examined separately by sex, this main effect masks a larger same-

sex bias in women and a lack of an effect of the sex of the stimulus in men.  

Consequently, this sex of participant by sex of stimulus interaction is often overlooked 

when researchers examine only one of these variables at a time. 

 There is also the potential for the testing procedure (e.g., the way in which the 

stimuli are arranged within the test) to affect the findings of sex differences.  Most face 

recognition tests use the “old/new” paradigm, whereby participants are asked to learn a 

series of faces during the learning phase (i.e., targets).  In the testing phase, they are then 

presented with the target faces intermixed with never-seen-before faces (i.e., distractors).  

They are asked to determine which of the faces are “old”, and which of the faces are 

“new”.  Using the divided visual field methodology, researchers found a left hemisphere 

preference for distractor faces, and a right hemisphere preference for target faces 

(Patterson & Bradshaw, 1975; Sergent, 1982).  Moreover, using neuroimaging, 

researchers found that women tend to be less lateralized and therefore evidence activation 

in the right and left hemispheres, whereas men are right lateralized when processing faces 

(Everhart et al., 2001; Njemanze, 2006).  If women evidence more activation in the left 

hemisphere than men, and if the left hemisphere shows a preference for distractor faces, 

then these findings should be reflected in women performing better on distractor faces.  
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In contrast, if men are right lateralized and the right hemisphere shows a preference for 

target faces, then men should perform better on target faces.  The tasks used by the 

researchers who obtained sex differences in laterality (Everhart et al., 2001; Njemanze, 

2006), however, were primarily perceptual in nature (i.e., requiring participants to match 

faces presented mere milliseconds apart rather than learn the faces and retain them in 

memory for recognition at a later time), and it can thus be argued that they did not assess 

actual memory functions.  Therefore, although sex differences in the perception of targets 

and distractors are likely present, it is unclear at this time to what extent these sex 

differences exist when the memory for faces is assessed. 

Most of the studies described thus far used different tests of face recognition 

developed specifically for each study, and relied on various sources for their images (e.g., 

on-line face photo databases, old yearbooks, Google searches, pencil sketches etc.).  As 

such, the quality of the images varied greatly among the studies, as did the images’ 

characteristics (e.g., colour versus grayscale, size, lighting, presence of external features 

such as hair and clothing, gaze direction, etc.), the number of images used (e.g., number 

of target faces versus distractors), and the experimental paradigm (e.g., manner and 

duration of exposure, delay between study and test phases, response format, etc.).  

Interestingly however, when a well-known clinical test of face recognition such as the 

Wechsler Memory Scale – III – Faces Subtests (WMS-FS; Wechsler, 1997) was used, 

researchers failed to find differences in accuracy between men and women3 (Basso, 

                                                 
3 This lack of sex differences may be due to the rigorous process involved in the development of a 
standardized clinical test such as the WMS-III, which may have purposefully eliminated any potential sex 
differences in performance between men and women (Halpern, 2012).  However, neither the WMS-III 
Technical manual, nor the WMS-III Administration manual, directly discuss the presence of sex 
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Harrington, Matson, & Lowery, 2000; Rizk-Jackson, Acevedo, Inman, Howieson, 

Benice, & Raber, 2006).    Specifically, as part of a larger study, Basso and colleagues 

(2000) administered the WMS-FS to 26 male and 26 female undergraduate students, 

along with several other tests (WMS-III Verbal Paired Associates subtests, Benton 

Judgement of Line Orientation test, and several personality tests), but did not find any sex 

differences.  Similar results were obtained by Rizk-Jackson and colleagues (2006) in their 

study that  involved the administration of the WMS-FS to 14 male and 13 female college 

students as part of a larger study involving the assessment of individuals' object 

recognition and spatial learning/memory abilities.  These researchers however, did not 

examine sex differences at the level of the face stimulus, or based on participants’ 

responses to target versus distractor faces.  It is therefore unclear whether sex differences 

at these levels can be found on a clinical test of face recognition, and if so, whether these 

sex differences are similar in direction to those found on non-clinical tests of face 

recognition.  If no sex differences exist on clinical tests of face recognition at any of the 

levels (i.e., participant, stimulus or target versus distractor), or if the sex differences are 

not similar to those found on non-clinical tests, the inconsistencies may be due to 

differences in the sample of participants across the various studies, or perhaps differences 

in the face stimuli or the way in which the test was created.   

In order to examine this, participants in the present study completed the WMS-FS 

in order to determine whether sex differences are present on this test.  In addition, the 

participants in the present study further completed a non-clinical test of face recognition 

(Experimental Face Test; EFT), in order to rule out sampling differences as the cause of 

                                                                                                                                                 
differences.  Moreover, Basso and colleagues (2000) did find sex differences on at least one other subtest of 
the WMS-III (e.g., Verbal Paired Associates). 
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divergent results between studies using clinical versus non-clinical tests of face 

recognition.  Consequently, the EFT was constructed specifically for the present study 

following methods from earlier studies that used non-clinical tests of face recognition. 

Two goals were identified: 1) to explore the possible influence of sex of participant, sex 

of face, test characteristics and their interactions on both a clinical and non-clinical test of 

face recognition, and 2) to determine whether sampling differences between studies could 

account for the presence of sex differences on the non-clinical tests, but their absence on 

clinical tests.  In accordance with these goals, the following hypotheses and research 

question were proposed: 

1. An interaction between the sex of the patients by test was predicted, whereby women 

were predicted to outperform men, but only on the non-clinical test of face 

recognition (EFT).  No sex differences were predicted on either of the WMS-FS. 

2. Female faces were predicted to be recognized more accurately than male faces on all 

tests, but this preference was expected to reach significance only for women (i.e., 

same-sex bias).  No bias was predicted for men.  As such, an interaction between the 

sex of the patient and the sex of the face was predicted. 

3. An interaction between the sex of the patient and the type of the stimulus (i.e., target 

versus distractor) was predicted, whereby distractor faces were predicted to be 

recognized more accurately by women than men, whereas target faces were predicted 

to be recognized more accurately by men than women on all tests. 

Research Question:  Examination of data from the same sample completing both the 

WMS-Immediate and EFT will provide an answer to the question of whether sampling 
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differences between previous studies examining clinical tests versus non-clinical tests of 

face recognition could account for the divergent results. 

Method 

Participants 

Participants were 31 female and 29 male students enrolled in an Introductory 

Psychology course at the University of New Brunswick, Canada.  The participants ranged 

in age from 17-44 (M=21.05, SD=5.45).  Eighty-eight percent of the participants were 

Caucasian.  Handedness was assessed using Annett’s Handedness Questionnaire (Annett, 

1992) – 91% of the participants were right-handed.  The study took just over 1.5 hours to 

complete and participants were given credits toward their psychology course grade in 

appreciation of their participation.  This research project is on file at the University of 

New Brunswick as UNB REB #2009 006. 

Materials 

 Demographics questionnaire. 

 The Demographics Questionnaire asked about such issues as the participant’s age, 

sex, ethnicity, sexual orientation, and their perceived ability to “compare, match and 

remember faces” in comparison to others on a Likert scale ranging from 1 (very poorly) 

to 6 (very well).  Most participants (74%) reported that they were able to perform a face 

recognition task “somewhat well” or better, with the remainder reporting that they 

experienced slight difficulties on this task.  

Annett Handedness Questionnaire (Annett, 1992). 

 This 12-item questionnaire asks which hand participants use for common 

activities (e.g., writing, throwing a ball, cutting with scissors).  Based on the participant’s 
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response pattern, he/she is assigned to one of 8 classes of handedness ranging from 

“strong left-hander” to “strong right hander”.  For the purposes of dividing patients into 

those who are primarily right-handed versus those who are primarily left-handed, 

individuals who scored in the four left-handed categories were classified as left-handers 

(9%), whereas participants who scored in the four right-handed categories (91%) were 

classified as right-handers. 

 Wechsler Memory Scale – III – Faces Subtest (WMS-FS; Wechsler, 1997). 

 The WMS-III is a commonly used battery of standardized and normed clinical 

tests that assesses immediate and delayed memory, including memory for faces.  Only the 

Faces Subtests (WMS-Immediate and WMS-Delayed) were administered.  The test 

stimuli are photographs of individuals of various ethnicities and ranging in age from 

young children to older adults.  The individuals in the photographs are forward facing 

(i.e., no profile images) and the images are all of approximately the same size.  The 

external features (e.g., hair, background) are blocked out with an oval frame.  All images 

are presented in colour, centred and printed in landscape orientation on a 23 x 16 cm page 

contained in a spiral-bound book. 

The test was administered as per the publisher’s standardized instructions:  In the 

study phase, participants were asked to memorize 24 target faces (12 male and 12 

female), each presented for two seconds.  External features (e.g., background, hair) were 

blocked out by an oval frame.  Next, in the immediate test phase, participants were asked 

to identify the 24 target faces from among 24 distractor faces (12 male and 12 female) by 

responding “yes” if the face was a target face, or “no” if it was a distractor (WMS-

Immediate).  The faces were always presented one at a time, and the next face stimulus 
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was presented only once the participant provided an answer.  In accordance with 

standardized instructions, participants were then asked to keep the target faces in memory 

for a delay of 30-35 minutes, at which point they repeated the recognition process by 

identifying the 24 target faces from among 24 new distractor faces as part of the WMS-

Delayed.  The time between the administration of the two WMS subtests was spent 

completing the handedness questionnaire and obtaining basic demographic information 

from the participants.  No other face-based tests were administered during the delay 

period to reduce the possibility of interference. The published average internal 

consistency for the two subtests is .74, and the test-retest reliability is .67 and .64 for the 

WMS-Immediate and WMS-Delayed subtests respectively (Wechsler, 1997).   

Experimental Face Test (EFT).   

The initial design of the present study called for the use of a non-clinical face 

recognition test that would have been utilized in a previous face recognition study.  

Consequently, several researchers who have created and used their own non-clinical test 

in research were contacted for permission.  Unfortunately, none of these researchers were 

able or willing to provide their test.  As a result, a new non-clinical test (EFT) was 

constructed in a way that closely resembled the construction of other non-clinical tests 

used in previous research in the field (e.g., Rehnman & Herlitz, 2007; Wright & Sladden, 

2003).   As per Wright and Sladden (2003), faces selected were of individuals who 

appeared to be between the ages of 20 and 35 (as was determined by five university 

students acting as independent raters), forward-facing, and with neutral expressions.  

Similar to Rehnman and Herlitz (2007), the faces were primarily of Caucasian 

individuals (the photos were taken in Barcelona, Spain; A. Martinez, personal 
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communication, August 8, 2011).  Moreover, as per Wright and Sladden (2003), all faces 

were selected so as to be without outstanding features (e.g., all male faces were cleanly 

shaven or with only minor facial hair, and all female faces had minimal or no make-up).  

In addition, similarly to the above study, any clearly distinguishable blemishes (e.g., 

moles, acne) were removed by the principal investigator by means of Paint Shop Pro 

version 4.14 image editing software.  External features were then covered with an 8x6 cm 

white oval frame as per Rehnman and Herlitz (2007; Wright and Sladden, 2003 covered 

external features using a black marker).  All images were presented in grayscale, centered 

and printed in landscape orientation on a page of letter-sized 21.6 x 27.9 cm paper.  Faces 

were randomly assigned as either targets or distractors, with an equal number of faces 

and sexes in each group, as per the above studies.  Finally, similar to previous research, 

the EFT used an equal number of male and female faces.  Thirty faces of each sex were 

selected as per Rehnman and Helitz (2007).  The photos were selected from an online 

face database (Martinez & Benavente, 1998; see Figure 3.2.1 for sample stimuli).  This 

particular face database was chosen as there was a sufficient number of male and female 

faces photographed with neutral facial expressions, the lighting was consistent between 

images, the faces were all of approximately the same size, and the hair and other external 

features could be easily blocked out. 
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Overall, the EFT was designed to be similar to the WMS-FS in order to make the 

two tests comparable.  However, there were four differences between the tests.  These 

differences reflect usual differences between clinical and usual experimental methods in 

the literature.  First, whereas on the WMS-FS the faces were ethnically diverse, the faces 

on the EFT were primarily Caucasian.  Second, the faces on the EFT were all similar in 

age to the participants (in their 20s), whereas the faces on the WMS-FS varied in their 

ages from faces of children to the faces of seniors.  Third, similarly to the test created by 

Rehnman and Herlitz (2007), the EFT contained six additional target faces, and six 

Figure 3.2.1.  Sample stimuli from the non-clinical faces test (EFT).  Female faces are 

presented in the top row and male faces in the bottom row.  The photos were adapted with 

permission from a face database created by Martinez and Benavente (1998). 
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additional distractor faces.  Finally, whereas the WMS-FS stimuli were full colour 

photos, the stimuli on the EFT were presented in gray scale.  The administration of the 

EFT approximated as closely as possible the administration of the WMS-Immediate to 

ensure that the same memory construct was being assessed.  There was no delayed 

version of this test, as the addition of a delayed component to the EFT would have made 

the study too long to be feasible (i.e., the delay period would have to be 30-35 minutes to 

be comparable to the WMS-FS, and this time could not be filled by the administration of 

other face-based tests in order to avoid confounding the results).  In addition, the absence 

of a delayed version of a face recognition test is consistent with the methodology of 

previous research (e.g., Rehnman & Herlitz, 2007; Wright & Sladden, 2001). 

Procedure 

In addition to the Demographics Questionnaire, WMS-FS and EFT tests, the 

participants also completed the Benton Face Recognition Test (Benton, Sivan, Hamsher, 

Varney, & Spreen, 1983).  The results of this test are not reported here as they are not 

relevant to the present purpose.  All tasks were administered in one of two randomly 

assigned orders to control for test-order effects.  Test order (1) consisted of WMS-

Immediate, Demographics Questionnaire, Annette Handedness Questionnaire, WMS- 

Delayed, BFRT and EFT.  Test order (2) consisted of the EFT, BFRT, WMS-Immediate, 

Demographics Questionnaire, Annette Handedness Questionnaire and WMS-Delayed.  

These two orders were chosen to ensure that participants were allowed a break between 

the WMS-III tests and EFT, and therefore did not need to keep two sets of faces in 

memory simultaneously.  Moreover, the BFRT was always presented between the WMS-

FS and EFT, as this test does not require the participant to memorize faces.  Together, 
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these steps were intended to reduce the possibility of interference effects on the 

performance of the participants across the two tests. 

The participants provided their responses to all tests (except the demographics 

questionnaire) orally, and the experimenter recorded their responses.  The total 

recognition accuracy scores (i.e., sum of items answered correctly) were calculated for 

each participant for each test, along with recognition accuracy scores for female and male 

faces separately.  Accuracy scores were also calculated for target items (i.e., total number 

of target items correctly identified as previously seen) and distractor items (i.e., total 

number of distractor items correctly identified as being new).  All accuracy scores were 

transformed into percentages of correct responses by dividing the obtained score by the 

maximum possible score and multiplying by 100.  Specifically, for the WMS-Immediate 

and WMS-Delayed, the percentage total accuracy was calculated as: (number of correct 

responses/48)*100. The number of correct responses on the WMS-Immediate and WMS-

Delayed to male targets, male distractors, female targets and female distractors were 

summed separately and transformed into percentages (i.e., (number of correct responses 

within the relevant category/12)*100).  Similarly, for the EFT, the percentage total 

accuracy was calculated as: (number of correct responses/60)*100, and the individual's 

accuracy scores on male targets, male distractors, female targets and female distractors 

were transformed into percentages as follows: (number of correct responses within the 

relevant category/15)*100. 

This approach to calculating the scores was chosen as it allowed for the 

examination of individuals' performance on target versus distractor faces, as well as male 

versus female faces.  It also allowed for the examination of potential interactions among 
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the specified variables, as well as for a comparison between the two tests given their 

differing number of items.   

Results 

The data were examined for univariate outliers (z-scores greater than 3 and 

discontinuous), and four participants (3 males and 1 female) were identified as potential 

outliers.  Two of these participants had extreme scores on the WMS-Immediate, and two 

had extreme scores on the EFT.  The analyses below were conducted with the outliers 

present as well as absent.  Since the presence of outliers in the data changed the results 

slightly, only the results with outliers deleted are presented below.  The data met all 

assumptions for conducting the relevant analyses and the a priori level of significance 

was set at .05.  Preliminary analyses with order of test presentation included as a factor 

showed that this variable was not significant, and neither were its interactions with any of 

the other variables.  Accordingly, it was excluded from further analyses. 

Sex Differences in Face Recognition Accuracy 

WMS-III Faces Subtests. 

The data for the WMS-Immediate and WMS-Delayed were examined in the same 

analysis, as the two subtests were similar to each other in the faces used, and in 

administration.  Consequently, a 2x2x2x2 (sex of participant by sex of face by item type - 

target versus distractor by WMS subtest) mixed-design ANOVA was calculated.   

With regards to the first hypothesis, the analysis revealed that the main effect of 

sex of the participant was not significant, F(1,54)= .03, p= .865, η2=.001, and neither was 

its interaction with WMS subtest, F(1,54)= 1.01, p=.320, η2=.018.   
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As per the second hypothesis, the interaction between sex of participant and sex 

of face was marginally significant, F(1,54)= 3.82, p=.056, η2=.066.  Relevant means are 

presented in Figure 3.4.1.  Follow up analyses, conducted using the approach 

recommended by Winer (1962)4, supported the presence of a trend toward a slight same-

sex bias for women, F(1,54)= 3.76, p=.058, η2=.064, but no such trend was noted for 

men, F(1,54)= .75, p=.390, η2=.013. 

 

Contrary to the third hypothesis, the interaction between sex of participant by type 

of stimulus was not significant, F(1,54)= .52, p=.473, η2=.003. 

                                                 
4 This approach was used to examine all subsequent significant interactions. 
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female faces on the WMS-Immediate and WMS-Delayed combined. The standard deviation 

is noted above each bar.  The differences were not significant. 
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In addition to the above hypothesis-related results, the analysis revealed a 

significant interaction between the sex of face by WMS subtest, F(1,54)= 14.54, p<001, 

η
2=.210.  Means relevant to this interaction are presented in Figure 3.4.2. Follow up 

analyses revealed that male faces were recognized more accurately than female faces on 

the WMS-Immediate, F(1,54)= 5.95, p=.018, η2=.092, whereas female faces were 

recognized more accurately than male  faces on the WMS-Delayed, F(1,54)= 9.47, 

p=.003, η2=.148. 

 

 

A main effect of stimulus type was also significant, F(1,54)= 27.78, p<.001, 

η
2=.346, with distractor faces being recognized more accurately than target faces.  Means 
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and standard deviations are presented in Figure 3.4.3.  No other relevant main effects or 

interactions were significant at p<.05 in this analysis.    

 

 

Comparing clinical and experimental tests. 

As part of the research question, it was of interest to compare the results of a 

clinical test of face recognition to the results of a non-clinical test in order to determine 

whether the two types of tests were producing different results in other studies due to 

different populations being sampled, or whether these differences were more attributable 

to variations in test construction.  Accordingly, a 2x2x2x2 (sex of participant by sex of 

the face by item type by test - WMS-Immediate versus EFT) mixed-design ANOVA was 
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conducted.  The WMS-Immediate and EFT were chosen for this analysis, as they both 

assessed immediate face recognition memory.   

In this analysis, the main effect of test was significant, with participants 

performing more accurately on the WMS-Immediate (M =81.99%, SD= 9.21) than on the 

EFT (M =67.77%, SD= 8.01), F(1,54)= 211.58, p<.001, η2=.800.  However, this main 

effect was qualified by a significant interaction between sex of face and test, F(1,54)= 

12.79, p=.001, η2=.191.  Means relevant to this interaction were presented earlier in 

Figure 3.4.1. Follow up analyses revealed that male faces were again recognized more 

accurately than female faces on the WMS-Immediate, F(1,54)= 5.95, p=.018, η2=.092 , 

whereas female faces were recognized more accurately than male faces on the EFT, 

F(1,54)= 4.81, p=.033, η2=.075.  

The interaction between the sex of participant and sex of face was also significant, 

F(1,54)= 8.61, p=.005, η2=.138.  Means relevant to this interaction are presented in 

Figure 3.4.4. Follow up analyses revealed that women recognized female faces more 

accurately than they recognized male faces, F(1,54)= 4.77, p=.033, η2=.076.  This same 

comparison was marginally significant for men, F(1,54)= 3.91, p=.053, η2=.062, 

supporting the presence of a trend toward a slight same-sex bias among men. 
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Finally, the main effect of stimulus type was also significant, F(1,54)= 31.29, 

p<.001, η2=.366.  Means and standard deviations are presented in Figure 3.4.3.  No other 

relevant main effects or interactions were significant at p<.05 in this analysis. 

Discussion  

 The present study was the first of its kind to examine sex differences in 

performance on both a clinical test and a non-clinical test of face recognition memory in 

the same group of participants, thereby allowing for a comparison of participants’ scores 

on the different types of tests.  It further explored sex differences in recognition accuracy 

at the level of the participant, face stimulus, and test, as well as the interactions between 

these variables – something that was not done in earlier studies using clinical tests of face 
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recognition. Participants completed the WMS-FS (both Immediate and Delayed) along 

with a non-clinical test of face recognition created specifically for the present study 

(EFT).  Accuracy on each test as a function of stimulus type (i.e., female faces, male 

faces, targets, distractors) was examined. 

Sex Differences 

 Differences at the level of participants. 

The first hypothesis predicted an interaction between the sex of the patient by test, 

in that, consistent with the literature, sex differences at the level of the participant would 

be present only on the non-clinical test (EFT), but not on the clinical WMS-FS.  This 

hypothesis however, was not supported, as no differences between men and women were 

found on any of the tests administered, at least as far as the main effect of sex is 

concerned.  More specifically, although the present study mirrored the results of Basso 

and colleagues (2000) and Rizk-Jackson (2006) who also did not find any sex differences 

on the WMS-FS, the results are inconsistent with other research using non-clinical tests 

of face recognition (Lovén et al., 2011; Rehnman & Herlitz, 2007; Herlitz, Reuterskiöld, 

Lovén, Thilers, & Rehnman, 2013) that have consistently found that women outperform 

men.  One reason for the lack of significant sex differences at the level of the participant 

in the present study are likely the small effect sizes associated with these differences (η2 

ranged from .001 in the combined WMS-Immediate and WMS-Delayed analysis, to .003 

in the combined WMS-Immediate and EFT analysis) examined with a relatively small 

sample.  It is noteworthy, however, that small effect sizes are not an unusual occurrence 

in this type of research (Bengner, Fortmeier, Malina, Lindenau, Voges, Goebell, & 

Stodieck, 2006).  In the present study, the small effect size in the analysis of the main 
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effect of the sex of the participant contributed to low estimated power which was 

calculated as .50 for the WMS-Immediate and WMS-Delayed analysis, and .52 for the 

WMS-Immediate and EFT analysis (Faul, Erdfelder, Lang, & Buchner, 2007).  To 

achieve power of .80 at an alpha of .05 in each of the two ANOVAs would have required 

136 participants.  In this regard, it is important to note that the present study had a similar 

sample size to other published studies in this field (e.g., Ellis, Shepherd, & Bruce, 2001; 

Guillem & Mograss, 2005; Hill, Grut, Wahlin, Herlitz, Winblad, & Bäckman, 1995, ), all 

of which did find significant sex differences at the level of the participant.  Therefore, it 

is likely that the lack of sex differences at this level had less to do with the size of the 

sample, and more to do with the small effect sizes due to minimal differences between 

the means.   

Differences at the level of the stimuli. 

 Although many studies to date have examined differences at the level of the 

participants, fewer studies have examined differences when the sex of the face stimulus 

was taken into consideration.  This was especially the case with clinical tests of face 

recognition, as no studies to date have examined sex differences at this level.  Studies that 

have used non-clinical tests of face recognition have generally found that participants are 

more accurate in recognizing female faces than male faces (Lewin & Herlitz, 2002; 

Rehnman & Herlitz, 2007), but this effect was frequently restricted to women rather than 

men (Lovén et al., 2013; Palmer, Brewer, & Horry, 2013; Rehnman & Herlitz, 2007).   

In the present study, consistent with the literature, the second hypothesis predicted 

an interaction between the sex of the patient and the sex of the face.  Specifically, female 

faces were predicted to be recognized more accurately than male faces, and this effect 
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was predicted to be restricted to women.  The results were somewhat mixed.  More 

specifically, a significant effect of the sex of the stimulus was found for all three tests 

(these effects were parsed out of interactions between the sex of the face and test in both 

analyses; see Figure 3.4.2).  On the WMS-Delayed and EFT female faces were 

recognized more accurately than male faces – a finding that seems to suggest that the 

preference for female faces that is usually found on tasks assessing short-term face 

recognition memory is maintained on tasks assessing long-term face recognition memory 

such as the WMS-Delayed.  With regards to the WMS-Immediate, however, the data 

showed that male faces were recognized more accurately than female faces.  This finding 

is unprecedented in the face recognition literature. 

It is unclear at this time why male faces on the WMS-Immediate were recognized 

more accurately than female faces.  It is unlikely that the characteristics of the stimuli 

(e.g., age, ethnicity) are responsible for this finding, as the WMS-Immediate and WMS-

Delayed are similarly constructed.  Participant differences are also unlikely to account for 

this finding (as may have been the case in other studies), as all tests were administered to 

all participants and consequently the same participants that completed the WMS-

Immediate also completed the WMS-Delayed and EFT.  A more plausible explanation 

may centre on the distinctiveness (e.g., uniqueness, memorability; Cohen & Carr, 1975; 

Light Kayra-Stuart, & Hollander, 1979; Newel, Chiroro, & Valentine, 1999) of the faces 

on the different tests, whereby the male distractor faces on the WMS-Immediate may 

have been more/less distinctive than the male target faces, thereby artificially inflating 

the participants’ scores on these faces on the WMS-Immediate.  This explanation finds 

support in research conducted by Courtois and Mueller (1981), who reported that 
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participants’ recognition accuracy of the faces was improved when either the target or the 

distractor face was more distinctive.  Consequently, further research assessing the 

distinctiveness of the faces on both tests is needed in order to determine whether the 

stimuli on the tests do indeed differ in their distinctiveness, and whether this may be a 

contributing factor to the unusual findings on the WMS-Immediate. 

With regards to the predicted interaction between the sex of the patient and the 

sex of the stimulus face, this part of the second hypothesis was marginally supported (the 

differences were close to being significant) in the analysis that combined the WMS-

Immediate and WMS-Delayed (see Figure 3.4.1), and reached significance in the analysis 

that combined the WMS-Immediate and EFT (see Figure 3.4.4).  Consistent with the 

literature, for the WMS-Immediate and WMS-Delayed data, women showed a slight 

preference for female faces, but no bias was noted among men.  The same-sex bias was, 

however, significant among women in the WMS-Immediate and EFT analysis.  

Furthermore, this latter analysis also revealed a slight preference for men to recognize 

male faces more accurately, therefore, displaying a trend toward a same-sex bias among 

men.  This finding, although less common, has also been reported in the literature 

(Wright & Sladden, 2003).   

The finding of an interaction between the sex of the participant and the sex of the 

face in the present study shows that sex differences are present on the WMS-FS, unlike 

what has been previously reported by researchers (i.e., Basso et al., 2000; Rizk-Jackson et 

al., 2006) and the test’s developers (Wechsler, 1997).  This could be problematic for the 

users of this test, as the norms presented for the WMS-FS are age-norms only and are not 

stratified by sex of participant or sex of stimuli.  Consequently, the performance of the 
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individuals being assessed is compared to aggregated normative scores (i.e., a single set 

of scores that do not distinguish based on sex).  The present results suggest that separate 

normative tables may need to be provided based on the sex of the participant and sex of 

the face (i.e., performance of women on female faces, women on male faces, men on 

female faces, and men on male faces).  Failing to segregate the normative tables by sex 

could result in the test lacking sensitivity to detect face recognition deficits – the very 

purpose for which the test was designed.  The present study however, included only 

“healthy” individuals within a restricted age-range (i.e., most participants were in their 

late teens and early twenties) and therefore it is unclear whether the results would 

generalize to a clinical sample with which the WMS-FS is usually used.  Future studies 

should aim to determine whether similar sex differences are present in a clinical 

population, especially a population where the WMS-FS has been found to lack sensitivity 

for detecting deficits (e.g., individuals with epilepsy; Wilde et al., 2001), and whether 

taking the sex variables into consideration could help address this issue.       

Differences between item types. 

Another level at which sex differences may be present on face recognition tests is 

when the test items are divided into targets and distractors.  Based on research by 

Patterson and Bradshaw (1975), Sergent (1986), Everhart and colleagues (2001), as well 

as Njemanze (2006), the third hypothesis predicted an interaction between the sex of the 

patient and stimulus type (i.e., target versus distractor).  Specifically, women were 

predicted to outperform men in the recognition of distractor faces, whereas men were 

predicted to outperform women in the recognition of target faces.  This hypothesis was 

not supported for any of the tests used in the present study.  Small effect sizes (η2 ranged 
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from .003 to .006) as well as relatively low estimated power (power for the WMS-

Immediate and WMS-Delayed analysis = .63; power for the WMS Immediate and EFT 

analysis = .56; Faul et al., 2007) likely contributed to the non-significant results, as 

approximately 200 participants would have been needed in order to obtain a power of .80 

at an alpha of .05 (Faul et al., 2007).  Given this information, it is likely that sex 

differences at the level of target versus distractor are either very slight, or not present at 

all.   

Reconciling this conclusion with the findings of previous studies, it may be that 

the previous studies (i.e., Everhart et al., 2001; Njemanze, 2006; Patterson & Bradshaw, 

1975; Sergent, 1982) were more perceptual in nature, and did not assess actual memory 

to the same extent as the WMS-III and EFT tests.  More specifically, the previous studies 

required participants to view the stimulus face and almost immediately (within 0 to 3,000 

milliseconds) compare it to another face.  In contrast, both the WMS-III and EFT tests 

required participants to learn a series of faces, hold them in memory, and then compare 

them with another face after 3 minute and, in the case of the WMS-Delayed, a 35 minute 

delay.  Therefore, it is possible that sex differences in how well participants recognize 

target versus distractor faces are present at the perceptual level of processing, but they 

may not be relevant when memory for faces is assessed. 

Although no sex differences were found when the stimulus type was taken into 

consideration, it is noteworthy that a main effect of stimulus type was found in the 

present data in the analysis combining WMS-Immediate and WMS-Delayed, as well as 

when WMS-Immediate and EFT were combined.  More specifically, the results showed 

that distractor faces were recognized more accurately than target faces on all three tests 
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and by all participants (see Figure 3.4.3).  This finding is consistent with the findings of 

other researchers (e.g., Hillger & Koenig, 1991).  These researchers however, did not 

explain why this bias is present – they merely stated that it exists.   

A possible explanation may be gleaned from research by Chandler (1994), who 

proposed that recognition memory is based highly on familiarity, and that familiarity can 

occur for any number of reasons, but that only one of these reasons is that the face was 

presented during the learning stage of the test.  Chandler further argued that if there are 

numerous sources of familiarity, it may make the participant wary about attributing the 

familiarity to having seen the face during the learning stage.  The participant may thus 

identify the face as a target only if he/she can locate the source memory for the face 

(Johnson, Hashtroudi, & Lindsay, 1993).  Consequently, a participant would be more 

likely to state that a face is a distractor.  Further research that explores the relationship 

between the familiarity of faces and their subsequent recognition is required to examine 

how source memory affects the recognition of target versus distractor faces. 

Comparing Clinical and Non-Clinical Tests of Face Recognition Memory 

In addition to examining sex differences at the various levels of face recognition, 

it was also of interest, to compare participants’ performance on a clinical test of face 

recognition to their performance on a non-clinical test of face recognition.  The ultimate 

goal was to determine whether the lack of sex differences reported by researchers using 

clinical tests and the more common presence of sex differences reported by researchers 

using non-clinical tests may be due to differences in test construction, the sample of 

participants tested, and/or whether there may be other explanations that would account 

for this disparity (Research Question 1).  In order to examine this question, the 
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participants in the present study were administered both types of tests to allow for a direct 

comparison of their performance. 

The analysis comparing the participants' performance on the WMS-Immediate 

and EFT tests revealed many similarities.  Specifically, no overall differences at the level 

of the participants, or based on the type of stimulus (i.e., target versus distractor) were 

found on either test.  However, the two tests did differ when participants' performance 

was examined at the level of the sex of the stimulus faces, whereby male faces were 

recognized more accurately on the WMS-Immediate, but female faces were recognized 

more accurately on the EFT (see Figure 3.4.2).  Although the two tests differed 

significantly in terms of their level of difficulty (the EFT was more difficult than the 

WMS-Immediate subtest), it is unlikely that this alone accounts for these findings, as the 

EFT results are consistent with the results of the WMS-Delayed test, and the WMS-

Delayed test was not significantly more difficult than the WMS-Immediate (p >.92).  It is 

also unlikely that differences in test construction (e.g., number of test stimuli, number of 

target versus distractor items, etc.), or differences between the face stimuli used (e.g., 

gray scale on the EFT and colour on the WMS-Immediate, more similar in age and 

ethnicity on the EFT and heterogeneous on the WMS-Immediate etc.) could account for 

the divergent results for the same reason, since the WMS-Immediate and WMS-Delayed 

were constructed in the same way, but did not differ in difficulty. 

A more likely explanation would be that there are differences between the 

distractor or target stimuli on the WMS-Immediate and those on the EFT whereby the 

male distractor faces on the WMS-Immediate may be more/less distinctive (e.g., unique, 

memorable, attractive) than the male target faces on that test, and that female distractor 
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faces may be more/less distinctive from the female target faces on the EFT. However, 

before any conclusions can be made, it is necessary to replicate these unprecedented 

results with a new sample of participants, and to assess the distinctiveness of the different 

groups of faces on the WMS-Immediate and on the EFT to determine if they do indeed 

differ. 

 Based on the above results, it appears that the findings of sex differences on face 

recognition tests may differ depending on the characteristics of the sample used in a 

particular study, as well as on the test stimuli used in that study.  Specifically, the finding 

of differences between men and women may depend on the participants sampled, as 

neither the clinical nor the non-clinical test produced a main effect at this level in the 

present study.  In contrast, the finding of sex differences at the level of the face (i.e., male 

versus female faces), and the interaction with sex of participant, appears to depend on the 

stimuli used, as the tests varied in which faces were recognized more accurately and by 

whom.   

 These findings have implications for future research, as researchers need to learn 

more about what participant and stimulus characteristics may influence the 

presence/absence of sex differences on face recognition tests.  Moreover, tests intended 

for clinical assessment of face recognition may need to be tested on various populations 

with which the test may be used in addition to the random sample of (“healthy”) 

individuals with which the tests are currently normed, as different results could be 

obtained with different populations.  Finally, clinical tests of face recognition provide a 

set of norms to which a clinician is to compare the individual being assessed.  These 

norms help the clinician determine whether her/his client is functioning at, below, or 
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above that of the normative population.  On the WMS-FS these normative data are not 

currently divided by sex (i.e., men and women are treated as equally accurate in face 

recognition, and male and female faces are considered to be recognized equally well), 

although the results of the present study suggest that, at least in the “healthy” population 

of a particular age-range, such a division might be beneficial.  Future research is needed 

to determine whether a single set of norms for both sexes is justifiable for different 

clinical groups (i.e., dementia, epilepsy, traumatic brain injury, etc.), or whether separate 

norms need to be provided for men and for women in the clinical context. 
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Chapter 4 

Article 2: Sex Differences and Hemispheric Classification Ability of the WMS-III 

Faces Subtests in Patients with Temporal Lobe Epilepsy 

Abstract 

The face recognition performance of patients with temporal lobe epilepsy was examined 

both pre- and post-surgery using the Wechsler Memory Scale - III Faces Subtests (WMS-

FS) for hemispheric and sex differences at the level of the patient, stimulus face and 

stimulus type (i.e., target versus distractor).  The study aimed to determine 1) whether 

patients with right temporal lobe epilepsy/surgery (TLE/S) would differ from patients 

with left TLE/S, 2) whether these differences would be present both before, and 

following surgery, and 3) whether these differences could help explain some of the sex 

differences found in literature (e.g., Lovén, Herlitz, & Rehnman, 2011).   Data were 

collected from neuropsychological files of 45 patients with TLE/S (28 women, 17 men) 

assessed pre- and post surgically with the WMS-FS.  Sex differences in performance 

were found at the level of the stimulus face.  More importantly, patients with right TLE/S 

performed worse than patients with left TLE/S both pre- and post-surgery, with particular 

deficits on distractor faces and in identifying female target faces.  These results were 

interpreted as suggesting that patients with right TLE/S may have particular difficulties in 

recalling the context in which they learned a face (a function localized to the medial 

temporal lobe), and as a result tend to over-rely on familiarity judgments (a function that 

is more distributed throughout the lobe; Eichenbaum, Yonelinas, & Ranganath, 2007).   
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Introduction 

Face recognition is critical to our daily functioning, yet the tests designed to 

assess this ability are limited in their clinical usefulness (Dade & Jones-Gotman, 2001).  

The Wechsler Memory Scale – Third Edition - Faces Subtests (WMS-FS; Wechsler, 

1997), for example, have received mixed reviews due to their “poor sensitivity to brain 

injury” (Pearson Clinical Assessment, 2011).  This lack of sensitivity has also resulted in 

the WMS-FS being excluded from the newest version of the Wechsler Memory Scale – 

Fourth Edition (WMS-IV; Wechsler, 2009), although it is still available as a standalone 

test for those who wish to use it in assessing their patients (Pearson Clinical Assessment, 

2011). 

Some neuropsychologists assessing patients with epilepsy have been especially 

critical of the WMS-FS’1 limited ability to classify the brain hemisphere where the 

patient's seizures are localized (Dade & Jones-Gotman, 2001; Jones-Gotman et al., 2010).  

This is unfortunate, as the most common subtype of epilepsy (i.e., temporal lobe 

epilepsy: TLE) affects the temporal lobes, and it is this brain region, particularly the right 

temporal lobe, that is known to be involved in face recognition processes (Haxby, 

Hoffman, & Gobbini, 2000; Kanwisher, McDermott, & Chun, 1997).  Failing to assess 

face recognition adequately may result in patients with TLE living with unexplained 

deficits in their daily functioning.  Moreover, for some patients with TLE who undergo 

surgery where a part of their temporal lobe is removed as a form of treatment for 

                                                 
1 This criticism has in fact, been levied against other non-verbal tests of memory (e.g., Rey Complex Figure 
test), as research findings have been inconsistent in determining whether these types of tests are able to 
localize the hemisphere of seizures (for review see Barr, 1997).   
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intractable seizures, failing to assess face recognition before and after surgery may result 

in unidentified and undocumented deficits following their surgery. 

Even though some have chosen to forego the use of the WMS-FS in their 

assessments of patients with temporal lobe epilepsy/surgery (TLE/S) due to its poor 

ability to localize the hemisphere of dysfunction, the research results on the classification 

accuracy of the WMS-FS in patients with TLE/S have been mixed.  Only two studies 

addressing this issue have been published to date – the first study involved individuals 

with TLE who have not undergone surgery (Wilde et al., 2001), whereas the second study 

involved only individuals who have undergone temporal lobe surgery to control their 

seizures (Doss, Chelune, & Naugle, 2004).  Only the study by Doss and colleagues 

(2004) found that the WMS-FS was sensitive to the hemisphere of dysfunction, as 

patients who had undergone right temporal lobe surgery were more impaired than 

patients with left temporal lobe surgery.  Therefore, although the WMS-FS may be 

sensitive enough to classify more extreme cases of brain damage as in the case of the 

removal of a part of a temporal lobe, it may not be sensitive enough to classify patients 

with damage that is less extensive (i.e., prior to surgery when the patient’s brain is more 

intact).  Studies comparing the performance of TLE/S patients on the WMS-FS both 

before and following surgery are needed. 

Potential Factors Affecting the Classification Ability of the WMS-FS  

The conflicting results of the above studies raise the possibility that a confounding 

variable may be affecting the results.  Consequently, accounting for such a variable in the 

interpretation of the test results may aid in the localization of seizures to either the right, 

or to the left hemisphere. 
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An example of such a variable may be the sex of the participant.  More 

specifically, there is currently evidence from neuroimaging studies that men and women 

have different brain activation patterns during face processing, whereby men’s brain 

activation during face-related tasks tends to be almost exclusively lateralized to the right 

hemisphere, whereas women tend to have activation in both their right and left 

hemispheres when processing faces (Everhart, Shucard, Quatrin, & Shucard, 2001; 

Njemanze, 2006).   

If sex differences in brain activation are present during the processing of faces, 

then these sex differences should be reflected in performance differences on tests of face 

recognition.  In fact, researchers who have used non-clinical tests of face recognition (i.e., 

tests that they created themselves for the purpose of studying sex differences in face 

recognition) have found this to be the case, reporting that women were more accurate at 

recognizing faces than were men (Lewin & Herlitz, 2002; Lewin, Wolgers, & Herlitz, 

2001; Rehnman & Herlitz, 2007; Lovén, Herlitz, & Rehnman, 2011).  Using the WMS-

FS with university undergraduate students however, Kopka McDowell, Lebert, Szeligo 

and McDowell (2010, June) did not find any differences in overall accuracy between men 

and women, a result that is consistent with the findings from an earlier study by Basso, 

Harrington, Matson, & Lowery, 2000.  Although it is possible that the WMS-FS' 

developers purposefully eliminated existing sex differences during the creation of the 

test, as can be the case for at least some standardized clinical tests (Halpern, 2012), the 

WMS-III technical manual (The Psychological Corporation, 1997) does not address this 

possibility directly.  Nonetheless, the above-mentioned studies (i.e., Basso et al., 2000; 

Kopka McDowell et al., 2010) suggest that there likely are no sex differences.  However, 
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both studies involved only healthy individuals, and it is therefore uncertain whether the 

results would transfer to a clinical sample, such as a group of patients with TLE/S.  If sex 

differences were found on the WMS-FS in patients with TLE/S, this would provide some 

evidence that a confounding variable may be interfering with the ability of this test to 

accurately identify the hemisphere of seizure.  Moreover, examining sex differences in 

accuracy on the WMS-FS among patients with TLE/S would further allow for an 

exploration of a potential interaction between the sex of the patient and the hemisphere of 

seizure, thereby building on the brain activation research discussed above (i.e., Everhart 

et al., 2001; Njemanze, 2006).  The presence of an interaction at this level would also 

provide additional information that could be useful when localizing seizures. 

Further to examining overall sex differences in face recognition performance, 

examining individuals' performance separately for male and female faces may also help 

in localizing seizure activity.  More specifically, using non-clinical tests of face 

recognition, researchers have consistently found that female faces were recognized more 

accurately than male faces (Rehnman & Herlitz, 2007; Shapiro & Penrod, 1986).  This 

preference for female faces however, was mainly due to the performance of women, as 

they evidenced a strong same-sex bias (i.e., women recognized female faces more 

accurately than they recognized male faces; Lovén, Swärd, Ebner, Herlitz, & Fischer 

2013; Rehnman & Herlitz, 2007; Wright & Sladden, 2003), while no such bias was 

generally found for men (Lovén et al., 2013; Rehnman & Herlitz, 2006; Slone, Brigham, 

& Meissner, 2000). With regards to the WMS-FS, Kopka McDowell and colleagues 

(2010, June) found a similar bias on the WMS-FS Immediate (a non-significant trend was 

noted on the WMS-FS Delayed; p=.056).  No preferences/biases were noted for men on 
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the WMS-FS.  These results suggest that sex differences are present in the healthy 

population, at least on the WMS-FS Immediate, when the sex of the face is considered.  

As such, it is important to explore this factor in a clinical population. 

 In addition to considering sex (of participants and stimulus) as a potential 

variable, it may also be useful in guiding the interpretation of WMS-FS' results among 

patients with TLE/S to consider the designation of the stimulus face as either a target or a 

distractor.  A target face is one that the patient is asked to learn and remember during an 

initial teaching session.  In the testing protocol, the target faces are then presented among 

a series of new faces that the patient has not seen before.  These new faces are referred to 

as distractors.  The patient is asked to identify the target faces from among the distractors. 

In support of the usefulness of distinguishing between the two stimulus types 

when assessing patients with TLE/S, researchers have found a right hemisphere 

advantage for “same” judgments (i.e., identifying target faces; Bradshaw & Sherlock, 

1982; Moscovitch, Scullion, & Christie, 1976; Rizzolatti & Buchtel, 1977).  In contrast, 

researchers found a left hemisphere advantage for the processing of distractor faces 

(Patterson & Bradshaw, 1975; Sergent, 1982).  These differences should be reflected in 

the participants’ scores on the WMS-FS, as patients with TLE/S in the left hemisphere 

should be more impaired in their identification of distractor faces, while patients with 

TLE/S in the right hemisphere should be more impaired in their recognition of target 

faces.  Given the information on sex differences in brain activation presented earlier, it is 

also possible that further localizing information could be gleaned if the interaction 

between patient's performance on targets/distractors as a function of his/her sex is 

considered.   
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 The goals of the present study were therefore two-fold.  First, it was of interest to 

directly compare the pre- and post-surgery performance of patients with TLE/S in order 

to determine whether patients with right TLE/S differed from patients with left TLE/S, 

and whether these differences were present at both assessment intervals.  The second goal 

of this study aimed to determine whether sex differences and stimulus type differences 

are present on the WMS-FS among patients with TLE/S.  To this end, the WMS-FS 

scores of patients with either right or left TLE/S were examined both pre- and post-

surgery.  In accordance with these goals, the following hypotheses and research question 

were proposed: 

1. An interaction between TLE/S side by time of assessment (i.e., pre- versus post-

surgery) was predicted, whereby patients with right TLE/S were predicted to be less 

accurate in their face recognition than patients with left TLE/S especially following 

surgery.   

2. An interaction between the sex of the patient and TLE/S side was predicted, whereby 

women with left TLE/S were predicted to score lower than men with left TLE/S and 

men with right TLE/S were predicted to score lower than women with right TLE/S. 

3. An interaction between TLE/S side and type of stimulus (i.e., target versus distractor) 

was predicted, whereby patients with right TLE/S were expected to perform less 

accurately on target faces than patients with left TLE/S, and patients with left TLE/S 

were predicted to perform less accurately on distractors than patients with right 

TLE/S.  Moreover, this interaction was expected to be further qualified by a 

significant TLE/S side by type of stimulus by sex of patient interaction.  Specifically, 

men with right TLE/S were predicted to be particularly impaired in their ability to 
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recognize targets, whereas women with left TLE/S were predicted to be particularly 

impaired in their ability to recognize distractors. 

Research Question: Examining the performance of patients on male versus female faces, 

as well as in consideration of the patient's sex, will help determine whether these 

variables may play a role in further helping to localize the hemisphere of seizures.  

Method 

Participants 

Forty-five patients with intractable temporal lobe epilepsy and confirmed 

unilateral origin of seizures who underwent surgery at the Queen Elizabeth II Health 

centre in Halifax, Canada, between 1997 and February of 2012 were included in the 

present study.  The patients underwent either a temporal lobe resection, or an 

amygdalohippocampectomy.  All patients in the study were right-handed, or were left-

handed with speech lateralized to their left hemisphere2 (N= 4) as determined by a pre-

surgical administration of the WADA test.  Only patients whose pre-operative responses 

on the WMS-III-FS demonstrated neither a severe impairment in face recognition, nor 

random responding were included.  Severe impairment was defined as responding either 

“yes” to all items or “no” to all items on the WMS-FS (i.e., two males - one with a left 

resection, and one with a right amygdalohippocampectomy).  For the purposes of the 

present study, a patient was judged to be responding randomly if he/she scored between 

41-58% (i.e., raw scores of 10/24 to 14/24) distractor and between 41-58% (i.e., raw 

scores of 10/24 to 14/24) on target items (i.e., one female with a left resection, one female 

                                                 
2 Left handed patients with confirmed left hemisphere dominance for speech were included as per the 
methodology of other studies in this field (e.g., Doss et al., 2004; Wilde et al., 2001).  Of the left-handed 
patients included, two underwent a right temporal lobe resection, one underwent a right 
amygdalohippocampectomy, and one underwent a left temporal lobe resection. 
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with a right resection, and one male with a right resection).  These cut-offs were chosen, 

as the WMS-FS is a yes/no paradigm, and therefore 50% accuracy (i.e., 12 out of 24) is 

considered to be “chance performance”.  Since there is a certain amount of error and the 

performance on both targets and distractor had to be considered random to warrant 

exclusion from the study, the range of chance performance was expanded to include any 

responses between 41-58 percent based on the 95 percent confidence intervals from a 

binomial probability distribution..  This range clearly captured only three participants – 

no other participants in the study had a pattern of scores similar to those that were 

excluded.  A summary of the remaining patients’ sex and surgery information is provided 

in Table 4.4.1.   
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Table 4.4.1 

Patients’ Sex and Surgery Information 

Sex Surgery Side 

Type of surgery 

Total Lobe resection Amygdalohippocampectomy 

Men Left 6 3 9 

Right 6 2 8 

Total 12 5 17 

Women Left 10 4 14 

Right 8 6 14 

Total 18 10 28 

 

The patient groups (i.e., men versus women, right TLE/S versus left TLE/S, lobe 

resection versus amygdalohippocampectomy) did not differ on any of the demographic 

variables.  Table 4.4.2 provides a summary of the demographic information for each 

group.   
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Table 4.4.2 

Demographic Characteristics by Group  

Sex 

Surgery 

Side 

Age at 

first test 

in years 

Age at 

onset in 

months 

Epilepsy 

duration 

in years 

Educa-

tion in 

years 

Verbal  

IQ 

Perfor-

mance IQ 

Full 

Scale IQ 

Men Left  

N= 9 

38.56 

(10.30) 

220.000 

(197.36) 

20.00 

(10.27) 

12.40 

(1.41) 

89.51 

(14.96) 

102.64 

(15.21) 

95.00 

(15.524) 

Right 

N= 8 

34.38 

(12.01) 

204.125 

(175.01) 

17.25 

(12.98) 

11.75 

(3.62) 

92.63 

(18.68) 

96.23 

(12.44) 

93.98 

(14.91) 

Women Left  

N= 14 

36.36 

(13.71) 

149.571 

(101.29) 

22.07 

(18.09) 

11.86 

(2.28) 

85.36 

(15.28) 

93.00 

(14.79) 

88.29 

(15.40) 

Right 

N= 14 

37.50 

(9.38) 

181.571 

(119.19) 

22.36 

(10.94) 

12.50 

(1.79) 

95.57 

(13.51) 

102.00 

(16.56) 

98.93 

(15.46) 

Note. M(SD); IQ was assessed pre-operatively by WASI (N= 40), WAIS-R (N= 1), and 

WAIS-III (N= 3).  One male with a left resection was missing data on education, and two 

males (one with a right, and one with a left, resection) were missing IQ scores.  Group 

mean scores were used in lieu of actual scores for these three participants.  Standard 

deviations are presented in parentheses. 

 

Measures 

Wechsler Memory Scale – Third Edition (Wechsler, 1997).  

 The WMS-III is a standardized battery of tests that is commonly used with 

individuals with epilepsy.  It consists of 17 subtests that assess different facets of 
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immediate and delayed memory in both the verbal and perceptual domains.  Scores are 

provided for each subtest, but various index and composite scores can also be calculated 

to aid in interpreting performance.  The subtests were administered and scored by trained 

personnel according to standardized instructions.   

Only the patients' scores on the WMS-Immediate and WMS-Delayed faces 

subtests were obtained.  As part of these subtests, each patient was asked to memorize 24 

target faces in a study phase (12 male and 12 female), presented individually for two 

seconds each.  Subsequent to this learning period, the patient was asked to identify these 

target faces from among 24 never seen before faces (i.e., distractors) as part of the WMS-

Immediate (a total of 48 faces).  The faces were presented one at a time, and the 

participant indicated if he/she has seen that particular face before or whether it was new.  

After a 30-35 minute delay, the patient was again asked to identify the same 24 target 

faces from among 24 brand new distractors as part of the WMS-Delayed (a total of 48 

faces).  The number of correct responses to male targets, male distractors, female targets 

and female distractors were summed separately and transformed into percentages (i.e., 

(number of correct responses/12)*100) for further analysis.  

Published average internal consistency for the two subtests is .74, and the test-

retest reliability is .67 and .64 for the WMS-Immediate and WMS-Delayed subtests 

respectively (Wechsler, 1997). 

Procedure 

The data collection was archival in nature, using information from two sources.  

Specifically, for patients seen prior to July 2008, demographic information and 

information related to seizures (e.g., side and type of surgery) was obtained from a 
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detailed database created and managed by Dr. Jeannette McGlone and Shirley Munk at 

the Queen Elizabeth II Surgical Epilepsy Unit in Halifax, Canada.  Individual patient's 

responses to the WMS-FS were then retrieved from patient files held at the epilepsy unit.  

Additional patient files were retrieved using a database provided by Dr. Antonina 

Omisade.  For these latter patients, all data (demographic, epilepsy and WMS-FS) were 

obtained directly from their files held at the epilepsy unit.  

The patients included in this study underwent a thorough neuropsychological 

assessment (including the completion of the WMS-FS) both before and after their 

surgery.  Assessments were conducted by licensed psychologists (or psychometrists), and 

as such, all tests were administered according to standardized instructions.   

 This project is on file at the University of New Brunswick as UNB REB #2011 

133, as well as at the Queen Elizabeth II Health Centre (CDHA) as CDHA-RS/2012-229. 

Results 

The data were examined for univariate outliers (i.e., z-scores greater than 3 and 

discontinuous), and no outliers were found.  The raw data failed to meet the assumptions 

for conducting the planned analyses, as the pre-surgical variables were negatively 

skewed.  Since the present study involved the use of “percentage” data, an arcsine 

transformation was performed (Wilson & Hardy, 2002).  The transformed data met the 

assumptions for conducting the relevant analyses. The a priori level of significance was 

set at .05.  The reported inferential statistics are from the arcsine analyses, whereas the 

presented means are based on the untransformed data for ease of interpretation. 

As the total number of patients available for the present study was relatively small 

given the number of variables, comparisons between the two surgical groups (i.e., lobe 
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resection and amygdalohippocampectomy) were of interest in order to determine whether 

the data could be collapsed into a right- and a left-surgery group.  To this end, surgery 

type was included as a factor in the analysis.  A 2x2x2x2x2x2x2 mixed design ANOVA 

was conducted, involving three between subjects variables (i.e., sex of patient, 

epilepsy/surgery side, surgery type) and four within subjects factors (i.e., pre-/post-

surgery assessment, immediate/delayed WMS-FS, target/distractor, male/female face).  If 

surgery type main effect and interactions were not found to be significant, the surgery 

type variable would be removed from further analysis.  In contrast, if surgery type 

produced a significant main effect or interactions, the variable would be kept in the 

analysis. 

The results of the initial analysis revealed no significant main effect or 

interactions of surgery type.  However, a decision was made to keep surgery type in the 

analyses, as its interaction with surgery side approached significance, F(1,37)= 4.05, 

p=.051, partial η2=.099.  It was therefore felt, that surgery type, accounting for nearly 

10% of the variance in test scores, might affect the pattern of findings in the overall 

analysis.  Accordingly, it was preserved in the design.      

Side of Epilepsy/Surgery 

 The first hypothesis predicted an interaction between TLE/S side by time of 

assessment (i.e., pre- versus post-surgery). To this end, the above analysis revealed a 

significant main effect of epilepsy/surgery side, whereby those with left TLE/S (M = 

75.59%, SD = 9.60) were more accurate on the face recognition tasks than those with 

right TLE/S (M= 68.58%, SD= 10.43), F(1, 37)= 9.36, p< .01, partial η2=.202.  However, 
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the interaction between TLE/S side and time of assessment (i.e., pre- or post-surgery) was 

not significant, F(1, 37)= .109, p=.743, partial η2=.003. 

Impact of Surgery 

 In addition to the above comparisons, the design of the present study also allowed 

for a direct exploration of the impact of surgery on the WMS-FS performance.  The 

analyses revealed a significant interaction between time of assessment and sex of 

stimulus face, F(1,37)= 4.59, p=.04, partial η2=.110.  More specifically, after surgery, 

patients were found to be more accurate in recognizing male faces (M= 73.52%, SD= 

11.88) than they were at recognizing female faces (M= 70.88%, SD= 12.60), F(1,37)= 

10.14, p< .01, partial η2=.215.  No differences in recognition accuracy of male versus 

female faces were found pre-surgically, F(1, 37)= .71, p= .40, partial η2=.019. 

 The above interaction was further qualified by a significant time of assessment by 

sex of face by sex of participant interaction, F(1,37)= 10.77, p<.01, partial η2=.226.  

Following the approach recommended by Winer (1962) to disentangle interactions and to 

examine simple main effects3, the interaction between sex of the face and sex of the 

participant at each time of assessment was examined separately at pre- and post-surgery.  

The interaction between sex of the face and the sex of the participant was not significant 

in the data collected pre-surgically, F(1,37)= .14, p=.71, partial η2=.004.  This non-

significant result is likely due to a significant main effect of the sex of the stimulus face, 

F(1,37)= 5.74, p=.02, partial η2=.134, whereby male faces (M= 73.43%, SD= 10.89) were 

recognized more accurately than female faces (M= 70.90%, SD= 11.30) overall.  In the 

post-surgical data, however, this interaction was significant, F(1,37)= 10.24, p<.01, 

                                                 
3 This approach was used to follow-up on all subsequent significant interactions in the present study.  With 
this approach, Bonferoni correction is not required, as the correct error term is used in the analyses. 
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partial η2=.217.  Follow-up simple main effect analysis showed, that after surgery, men 

recognized male faces more accurately than they recognized female faces, F(1,37)= 

15.79, p<.01, partial η2=.299. This same effect was not significant for women, F(1,37)< 

.001, p=.99, partial η2<.001.  Relevant means are presented in Figure 4.4.1.  
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Figure 4.4.1. Mean percent accuracy for men and women as a function of sex of the 

stimulus face and time of administration (i.e., pre- vs. post-surgery). The standard 

deviation is noted above each bar.  Simple main effects were not examined for pre-surgery 

data as the required interaction between the sex of patient by the sex of stimulus was not 

significant.  The results show that the main effect of stimulus sex holds for pre-surgery 

data. 

**p < .01 between male versus female faces. 
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Sex of Patient 

The second hypothesis predicted a significant interaction between the sex of the 

patient and TLE/S side.  This interaction was not significant, F(1,37)= .49, p=.49, partial 

η
2=.013.  A closer examination of the means in Figure 4.4.2, however, suggests a slight 

trend in the predicted direction. 

 

Epilepsy/Surgery Side and Stimulus Characteristics 

 The third hypothesis predicted an interaction between TLE/S side by type of 

stimulus (i.e., target versus distractor).  However, this interaction between type of 

stimulus and side of epilepsy/surgery was not significant,  F(1, 37)= .66, p= .42, partial 

η
2=.018.  The third hypothesis further predicted an interaction between TLE/S side by 

type of stimulus by sex of the patient.  This interaction was also not significant, F(1, 37)= 

.02, p= .91, partial η2<.001.   

 In addition to the hypotheses, the research question aimed to determine whether 

the sex of the face and its interaction with the sex of the participant may need to be 
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Figure 4.4.2.  Average face recognition accuracy (in percent) for men and women based on 

hemisphere of epilepsy/surgery.  The standard deviation is noted above each bar. 
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considered when attempting to lateralize seizures in patients with TLE/S.  The interaction 

between sex of the stimulus by side of epilepsy/surgery was examined, F(1, 37)= 1.24, 

p= .27, partial η2=.033, as was the interaction between these variables and sex of 

participant, F(1, 37)= 1.98, p= .17, partial η2=.051.  Neither of these interactions was 

significant. 

 Although none of the above four interactions were significant, there was a 

significant three-way interaction of side of epilepsy/surgery by sex of stimulus face by 

stimulus type (target/distractor), F(1, 37)= 4.95, p= .03, partial η2=.118, that is relevant to 

the third hypothesis as well as to the research question. As before, as a first step to 

disentangling this interaction, the sex of face by epilepsy/surgery side was examined 

separately for target faces and for distractor faces. The interaction was not significant for 

distractor faces, indicating that the main effect of surgery side holds.  In other words, 

distractor faces are recognized more accurately by individuals with left TLE/S than by 

individuals with right TLE/S, irrespective of the sex of the face.  For target faces, the 

interaction was significant, F(1,37)= 4.67, p =.04, partial η2=.112.  An examination of the 

simple main effects revealed that female target faces were recognized more accurately by 

individuals with left hemisphere epilepsy/surgery than those with right hemisphere 

epilepsy/surgery, F(1,37)= 4.89, p =.03, partial η2=.117, but no differences were found 

for male target faces, F(1,37)= .18, p =.68, partial η2=.005. The relevant means and 

standard deviations are presented in Figure 4.4.3. 
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Test Characteristics 

 With regards to characteristics of the test itself, as was mentioned earlier, there 

was a significant main effect of sex of the stimulus face, whereby male faces were 

recognized more accurately than female faces overall.  This main effect was qualified by 

an interaction between sex of the face and WMS subtest (i.e., Immediate vs. Delayed), 

F(1,37)= 8.14, p=.01, partial η2=.180.  Follow-up analyses revealed that female faces 

Figure 4.4.3. Mean percent accuracy for male/female target/distractor faces as a 

function of hemisphere of epilepsy/ surgery.  The standard deviation is noted above 

each bar.  Simple main effects were not examined for distractors as the required 

interaction between surgery type by sex of stimulus was not significant.  It is 

important to note, however, that the main effect of surgery side is holding in the case 

of distractor faces (i.e., patients with right TLE/S are more impaired than patients 

with left TLE/S), indicating that the differences for distractor faces are indeed 

significant. 

* p < .05 between the two epilepsy/surgery sides. 
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were recognized more accurately on the WMS-Delayed than on the WMS-Immediate, 

F(1,37)= 6.32, p=.02, partial η2=.146, whereas male faces were recognized more 

accurately on the WMS-Immediate than on the WMS-Delayed, F(1,37)= 4.56, p=.04, 

partial η2=.110.  These results are illustrated in Figure 4.4.4. 

 

 

A three-way interaction between sex of face, WMS subtest, and type of stimulus 

(i.e., target versus distractor), F(1,37)= 14.45, p<.01, partial η2=.281, further qualified the 

latter two results.  Again, follow up analyses to this three-way interaction examined the 

interaction between the sex of the face and its type (i.e., target versus distractor) 

separately for the WMS-Immediate and for the WMS-Delayed.  On the WMS-

Immediate, the interaction between the sex of the face and its type was not significant, 

F(1,37)= 1.16, p=.29, partial η2=.030, once again suggesting that the main effect of 

stimulus sex was holding.  On the WMS-Delayed, however, this interaction was 
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function of sex of the stimulus face.  The standard deviation is noted above each bar. 
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significant, F(1,37)= 14.85, p<.001, partial η2=.286.  Follow-up simple main effect 

analyses on the WMS-Delayed revealed that male target faces were recognized more 

accurately than female target faces, F(1,37)= 5.77, p=.02, partial η2=.135, whereas female 

distractor faces were recognized more accurately than male distractor faces, F(1,37)= 

6.83, p=.01, partial η2=.156. These results are presented in Figure 4.4.5. No other main 

effects or interactions achieved significance with p < .05. 
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Discussion 

 The WMS-FS is one of a small number of tests available to assess face 

recognition memory abilities in clinical populations.  Along with the other available tests 

in this domain, the WMS-FS has been often criticized, and its clinical usefulness has been 

questioned (Dade & Jones-Gotman, 2001).  More specifically, the WMS-FS has been 

criticized for its inability to localize seizure activity to either the right or left hemisphere 

in patients with epilepsy.  This inability to localize the hemisphere of seizures, however, 

was found only in a study that examined patients with TLE/S who have not undergone 

surgery to treat their seizures (Wilde et al., 2001).  The one study that examined this issue 

in patients with TLE/S post-surgically found that the WMS-FS could correctly classify 

the affected hemisphere (Doss et al., 2001).  Consequently, it may be that the sensitivity 

of the WMS-FS depends on the severity of brain pathology.  Moreover, it is also possible 

that another variable is confounding the test's results.      

 The present study, therefore, aimed to determine whether the scores of patients 

with right TLE/S differed from patients with left TLE/S, and whether these differences 

were present both before, as well as after surgery.  Secondly, the present study aimed to 

determine whether a variable, such as sex, could play a role in the accuracy with which 

patients with TLE/S recognize faces on the WMS-FS.  This information could then be 

used to help inform further research on face recognition, as well as to help guide 

clinicians interpreting WMS-FS results in patients with TLE/S. To this end, the responses 

to the WMS-FS items were recorded from the files of patients with intractable epilepsy 

both before and after they underwent surgery to help control their seizures.  In this 

context, it is important to note that all patients were likely taking seizure medication 
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during the assessments, and were thus susceptible to the cognitive side-effects of these 

medications (e.g., fatigue, decreased attention, memory, processing speed; Lee, 2010).  

Most patients were likely able to reduce the number and dosage of their medications post-

surgery (Schmidt & Stavem, 2009), and as such, the side-effects were likely also 

decreased during the post-surgical assessment.  With regards to surgery, it is important to 

note that researchers have found that the surgery itself can also negatively affect memory 

functions (Helmstaedter, Kurthen, Lux, Reuber, & Elger, 2003).  As will be noted later, 

however, there was no main effect of time of assessment (e.g., pre- versus post-surgery).  

This suggests that reducing the number/dosage of medications may not have a positive 

effect on face recognition, and that TLE surgery may not have a clear negative effect on 

face recognition memory.  Alternately, the negative side effects of medications taken pre-

surgically may be equalled by the negative side effects of the surgery.  The results need 

to be interpreted in this context. 

Performance of right TLE/S versus left TLE/S patients 

 The first goal of the present study was to determine whether patients with right 

TLE/S would differ from patients with left TLE/S on the WMS-FS, and whether this 

difference would be present both pre- as well as post-surgery.  To this end, the first 

hypothesis predicted an interaction between TLE/S side and time of assessment (i.e., pre- 

versus post-surgery).  Specifically, it was predicted that patients with right TLE/S would 

be more impaired on the WMS-FS than patients with left TLE/S, and that this would be 

particularly evident following surgery.  This hypothesis was partly supported, in that 

patients with right TLE/S were more impaired than patients with left TLE/S, but the 

interaction with time of assessment was not significant.  As such, this finding is 
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consistent with research that has stressed the importance of the right hemisphere in face 

recognition processes (e.g., Haxby et al., 2000; Kanwisher et al., 1997).   

 Although the finding of right hemisphere dominance for face recognition is not 

new, it was a critical finding in the present study, as it provides clear evidence that 

patients with right TLE/S were indeed more impaired on the WMS-FS than patients with 

left TLE/S. Moreover, in the present study, the differences between these two groups 

were significant both before, as well as after surgery.  This is contrary to the results in a 

study by Wilde and colleagues (2001), who found that the WMS-FS did not differentiate 

between individuals with left versus right hemisphere epilepsy before surgery 

(hemisphere of the origin of seizures was confirmed to be unilateral using EEG/video 

monitoring).  However, it is important to note, that although Wilde and colleagues (2001) 

did state that the participants in their study all had intractable temporal lobe seizures, they 

did not indicate whether the seizures were severe enough to justify surgical treatment 

following the culmination of the study.  It may be that the patients in the present study 

(i.e., patients whose intractable seizures were severe enough to warrant surgical 

intervention) had more extensive damage to their temporal lobes than the patients in the 

Wilde and colleagues’ (2001) study.  In addition, Wilde and colleagues (2001) 

transformed all scores into scaled scores, and used the scaled scores in their analyses.  It 

is possible that this transformation reduced the variability available for analyses, thereby 

resulting in non-significant differences between the two groups.   

The results of the present study are consistent with those of a study by Doss and 

colleagues (2004), who found that the WMS-FS did differentiate the two groups 

following surgery.   Consequently, the present study lends further support to the assertion 
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that the WMS-FS is indeed able to differentiate between patients who underwent a left 

versus a right hemisphere epilepsy surgery, all-the-while providing new evidence that the 

WMS-FS can differentiate the two groups prior to surgery as well, since the main effect 

of the time of assessment (i.e., pre- versus post-surgery) was not significant.  This 

evidence brings into question the criticisms that the WMS-FS has received with regards 

to its lateralization ability.  It further indicates that before discarding the test as being of 

limited value to clinicians working with individuals with epilepsy, it may be worthwhile 

to examine the matter more closely in further research. 

Sex of Patients and Performance on the WMS-FS 

 Although the above results clearly indicated that patients with right TLE/S and 

patients with left TLE/S perform differently on the WMS-FS, it was also of interest to 

determine whether the sex of the patient could play a role in further helping to lateralize 

the hemisphere of TLE/S.  Specifically, in the context of neuroimaging research Everhart 

and colleagues (2001) as well as Njemanze (2006) examined sex differences in face 

processing and found that whereas men evidenced brain activation primarily in the right 

hemisphere, women's activation was evident across both hemispheres (Everhart et al. 

2001; Njemanze, 2006).  Consistent with these findings, the second hypothesis predicted 

the presence of a significant interaction between TLE/S side and sex of participant, 

whereby women with left TLE/S would score lower on the WMS-FS than men with left 

TLE/S, and men with right TLE/S would score lower than women with right TLE/S.  The 

results of the present study did not support this hypothesis, as the interaction between the 

sex of the patient and the side of the surgery was not significant.  Both the effect size 

(i.e., partial η2 = .013), and estimated power (.08) were small.  Nonetheless, an 
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examination of the means (see Figure 4.4.2) showed that they were in the predicted 

direction.  An exploration of this issue in future studies is may be warranted. 

Performance on Target and Distractor Faces 

 In addition to the role that the sex of the patient may play in lateralizing face 

recognition processes, researchers have also found that there may be hemispheric 

differences in the way that target and distractor faces are recognized.  Specifically, 

researchers have found that target faces tend to be recognized in the right hemisphere 

(Bradshaw & Sherlock, 1982; Moscovitch et al., 1976; Rizzolatti & Buchtel, 1977), 

whereas distractor faces are recognized more accurately in the left hemisphere (Patterson 

& Bradshaw, 1975; Sergent, 1982).  As such, the third hypothesis proposed the presence 

of an interaction between TLE/S side by type of stimulus, whereby patients with left 

TLE/S should be more accurate in recognizing target faces, whereas individuals with 

right TLE/S should be more accurate in recognizing distractor faces.  These results were 

also expected to differ based on the sex of the patient, as women with left TLE/S were 

predicted to be particularly impaired on distractor faces, whereas men with right TLE/S 

were predicted to be particularly impaired on target faces.  The present data did not 

support this hypothesis, as the interaction between side of TLE/S and type of stimulus 

(target versus distractor) was not significant, and neither was the interaction between the 

side of surgery by type of stimulus face by the sex of the patient.   

 One possible explanation for the lack of significant findings may be that the main 

effect of surgery side is obscuring potential strengths for individuals with right TLE/S.  

More specifically, because individuals with right TLE/S are more impaired at almost 
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every level of face recognition, it may be difficult to see the expected right hemisphere 

advantages relative to left hemisphere advantages.   

 A second possible explanation for the non-significant TLE/S side by stimulus 

type interaction might also be linked with the lack of a significant main effect of stimulus 

type (i.e., no significant difference in performance on targets versus distractors).  This 

lack of a significant stimulus type main effect is surprising, as in previous research with 

healthy volunteers, the main effect of stimulus type was consistently significant at p< 

.001, with distractor faces being recognized (i.e., as unfamiliar) more accurately than 

target faces (Kopka McDowell et al., 2010).  A study that examines the performance of 

patients with TLE/S and matched healthy controls on target versus distractor faces is 

needed to examine this issue more closely.   

 A third possible explanation for the lack of a significant interaction between side 

of TLE/S and type of stimulus (target versus distractor) may be that this interaction is 

superseded by a higher-level interaction.  In fact, an examination of the results of the 

analysis revealed a significant three-way interaction between side of TLE/S by type of 

stimulus by sex of stimulus face (see Figure 4.4.3).  A closer examination of this 

interaction further revealed that patients with left TLE/S performed significantly more 

accurately on all distractor faces (M=75.77, SD= 12.14) than patients with right TLE/S 

(M=63.16, SD= 21.04).  As such, patients with right TLE/S evidenced a clear impairment 

when distractor faces were considered.  With regards to the target faces, the analysis 

showed that patients with left TLE/S (M=73.90, SD= 17.45) also outperformed patients 

with right TLE/S on female target faces (M=71.50, SD= 12.47), but no differences were 

found for male target faces (the sex of face effects will be examined in the next section).  
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Based on the above, the difference between the groups' performance on distractor faces 

was quite large (i.e., 12.61%), whereas the difference between the groups' performance 

on female target faces was much smaller (i.e., 2.40%).  These results clearly show that 

patients with right TLE/S do indeed exhibit deficits in face recognition, and that these 

deficits are more pronounced when distractor faces are considered. 

 Although significant, this finding is inconsistent with previous neuroimaging 

research (e.g., Bradshaw & Patterson, 1982; Sergent, 1982).  Methodological differences 

between these earlier studies and the present study may account for this inconsistency.  

Specifically, the time delay between the learning stage (i.e., when the target face was first 

presented for encoding) and the recognition stage (i.e., when the participant was asked if 

he/she has seen the face before) was minimal (i.e., 0 to 3,000 milliseconds) in the 

neuroimaging studies.  In contrast, in the present study, this time delay was 3 minutes for 

the WMS-FS Immediate and 30-35 minutes for the WMS-FS Delayed.  As such, it may 

be that the previous studies were more perceptual in nature and did not test recognition 

memory to the same extent as the present study. 

 The finding that patients with right TLE/S exhibit difficulties in recognizing 

distractor faces is intriguing.  A possible cognitive explanation for this finding centers on 

the idea that recognition memory is composed of two distinct components (for review see 

Mandler, 1980): familiarity (i.e., the sense that a face has been seen before) and 

recollection (i.e., the memory for the context within which the face was first encountered; 

Squire, Wixted & Clark, 2007).  If an individual relies purely on familiarity to recognize 

a face, then he/she may be able to accurately identify a target face since it would be 

familiar to them because they have seen it during the learning stage.  Without the 
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contextual information required for recollection, however, the individual would be more 

likely to make errors in the recognition of distractor faces, as a distractor face could seem 

familiar simply because it reminds them of someone else they know (e.g., friend, actor, 

etc.).  Given that this is the pattern of scores observed among individuals with right 

TLE/S, it may be that the deficit in face recognition memory within this group is indeed a 

deficit in their memory for context (i.e., recollection).   

This explanation makes sense in light of research that examined the role of the 

medial temporal lobe in memory, and that has linked the processes involved with 

recollection and familiarity to structures within this lobe (for review see Eichenbaum, 

Yonelinas, & Ranganath, 2007; Rugg & Yonelinas, 2003; Squire, Stark, & Clark, 2004).  

Specifically, researchers have suggested that the hippocampus is involved in organizing 

the retrieval of contextual memories from other parts of the medial temporal lobe (i.e., 

parahippocampus, entorhinal cortex, and neocortex; Eichenbaum et al., 2007, p. 13-14).  

Given that the hippocampus, and many of the areas associated with contextual memory 

are unilateraly damaged and/or removed in patients with TLE/S, it would follow that their 

ability to remember contextual information would be disrupted along with their ability to 

recognize distractor faces.  In contrast, the information leading to familiarity judgments is 

thought to be more distributed throughout the temporal lobe and does not appear to rely 

as heavily on the hippocampus.  Consequently, the familiarity judgments of patients with 

TLE/S are less likely to be impaired in comparison to their recollective judgments (i.e., 

contextual memories).  At this time, however, it is unclear whether the above explanation 

applies to all patients with TLE/S (with special relevance for patients with right TLE/S as 

they were more impaired than patients with left TLE/S on distractor faces), or whether it 
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applies only to patients with right TLE/S (since perhaps patients with left TLE/S may not 

exhibit a deficit on distractor faces if compared to healthy individuals).  Further research 

that compares patients with TLE/S to matched healthy controls is needed to shed more 

light on this issue. 

Performance Based on Sex of Stimulus Face  

 In addition to the above hypotheses, the research question of the present study 

aimed to examine whether the sex of the stimulus face, as well as its interaction with the 

sex of the patient, could play a role in helping to localize the hemisphere of seizures in 

patients with TLE/S.  Unfortunately, neither the interaction between the side of TLE/S 

and sex of the stimulus face, nor the interaction between these two factors and the sex of 

the patient, were significant. 

 As was noted earlier however, an interaction between side of TLE/S, sex of the 

face stimulus, and type of stimulus was significant, with follow-up analyses revealing 

that female target faces were recognized more accurately by individuals with left TLE/S, 

than by individuals with right TLE/S (see Figure 4.4.3).  No significant results were 

found for male target faces.  It may therefore be that there are specialized structures 

dedicated to the processing of female target faces in the right hemisphere, thereby making 

their recognition susceptible to damage in that hemisphere.  This explanation is plausible 

if findings from various research areas are considered.  First, researchers have found that 

the right hemisphere is primarily responsible for configural processing of faces (i.e., the 

face is encoded as a representation of the distances between its parts rather than as the 

representation of the shapes/colours of the parts themselves; Bourne, Vladeanu, & Hole, 

2009; Renzi, Schiavi, Carbon, Vecchi, Silvanto, & Cattaneo, 2013; Scott & Nelson, 
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2006), suggesting that a specialized type of processing occurs in the right hemisphere.  

Second, researchers have found that this type of processing is used when dealing with 

items of expertise.  For example, researchers have found that dog experts use this type of 

processing when recognizing dogs (Diamond & Carey, 1986).  Finally, researchers 

examining sex differences in face recognition found a general preference for female faces 

(Lovén et al., 2011; Rehman & Herlitz, 2006, 2007).  Therefore, it may be that female 

faces are processed in the right hemisphere using configural processing, resulting in their 

greater accuracy.  In the present study, this is reflected by an impairment in their 

processing when the right hemisphere is damaged by TLE/S.  In contrast, because people 

may not have the same level of expertise for recognizing male faces, these faces may not 

be processed using configural processing, and therefore may not completely rely on the 

right hemisphere.   

 The above explanation for greater accuracy on female target faces by individuals 

with left rather than right TLE/S, however, is brought into question by the fact that, 

overall, male faces were recognized more accurately than female faces in the present 

study.  This finding, although unusual (most previous research has found that female 

faces are recognized more accurately than male faces; Lovén et al., 2011; Rehnman & 

Herlitz, 2007; Shapiro & Penrod, 1986), is consistent with a previous study using the 

WMS-FS with healthy volunteers that found a preference for male faces on the WMS-FS 

Immediate (Kopka McDowell et al., 2010).  This suggests that the effect of the sex of the 

stimulus face may be a characteristic of the WMS-FS (or at least the WMS-FS 

Immediate) rather than a finding related to the characteristics of the present patient-

population.  Interestingly however, this preference for male faces was present only post-
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surgically, whereas the patients recognized male and female faces with equal accuracy 

before surgery.  This finding was further qualified, as this effect was only significant 

among male patients (see Figure 4.4.1).  Therefore, the preference for male faces was 

present only among men who have undergone epilepsy surgery.  The reason for this 

finding is unclear at this time, and it is necessary to replicate it before any conclusions 

can be drawn.  With regards to distractor faces, the results revealed that patients with 

right TLE/S were more impaired than were patients with left TLE/S in recognizing 

distractor faces, irrespective of the sex of the face.   

Characteristics of the WMS-FS 

 In addition to the presence of a main effect of the sex of the stimulus face, there 

was also an interaction between sex of the stimulus face and the WMS subtest.  More 

specifically, male faces were recognized more accurately on the WMS-Immediate than 

on the WMS-Delayed, whereas the opposite pattern was found for female faces.  This 

finding is consistent with other studies that have used the WMS-FS with healthy 

volunteers (Kopka McDowell et al., 2010) suggesting, that these test characteristics are 

stable across populations.  

 There was also an interaction between the sex of the stimulus face by WMS 

subtest by type of stimulus.  A closer examination of this interaction (see Figure 4.4.5) 

revealed that on the WMS-Delayed, male target faces were recognized more accurately 

than female target faces, whereas female distractors were recognized more accurately 

than male distractors.  No differences were found for the WMS-Immediate.  A previous 

study that used the WMS-FS with healthy volunteers did not find this pattern.  It is 

therefore unclear whether this pattern is characteristic of patients with epilepsy, or 
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whether it is a characteristic of the test.  Further research is required to explore these two 

possibilities.   

 In conclusion, it appears that patients with right TLE/S are less accurate in face 

recognition than are patients with left TLE/S when assessed with the WMS-FS, and that 

this difference in performance is present both before, as well as following surgery.  

Furthermore, the results also indicate that patients with right TLE/S are significantly less 

accurate in their recognition of distractor faces.  This finding that may be linked to 

difficulties in retrieving contextual information pertaining to the face that likely results 

from damage to the medial lobe - a part of the brain that is usually affected by seizures, 

and removed in surgery.  This important finding suggests that examining the performance 

of patients on target versus distractor faces could provide additional information to 

clinicians and researchers working with this group.  Finally, the results also showed that 

the characteristics of the WMS-FS identified with healthy volunteers applied to the 

present sample (e.g., preference for male faces on the WMS-Immediate, preference for 

female faces on the WMS-Delayed). 

 This study has implications for clinicians working with individuals with epilepsy.  

More specifically, the results suggest that individuals with epilepsy, when it is localized 

to the right temporal lobe, do indeed have deficits in their face recognition memory that 

are present both pre- and post-surgically.  The present research showed, that the WMS-

FS is a useful tool for helping to assess these deficits, and that there is great potential for 

the test to provide additional information to clinicians which could be useful for 

localizing the hemisphere of seizures.  The results also have implications for the 

developers of the WMS-FS, as they provide support for the re-inclusion of the WMS-FS 
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in further batteries assessing memory.  The developers however, need to consider how 

performance is assessed, whether special normative tables divided based on sex (of face) 

should be provided, and whether separate data for performance on targets and distractors 

should be included.  Face recognition is a critical facet of memory, and omitting an 

instrument that assesses this construct from an otherwise comprehensive memory battery 

appears to be unwarranted given the findings of the present study. 

 Future research needs to include matched healthy controls in order to allow for a 

clear comparison between the performance of healthy individuals and those with TLE/S 

on the various variables (e.g., stimulus type).  Furthermore, it would be interesting to 

determine whether a similar study conducted with a group of patients with non-epilepsy-

related brain damage would produce similar results on the WMS-FS, especially with 

regards to the differences in performance on targets versus distractors.  If so, then 

distinguishing between targets and distractors could prove to be the critical step to 

improving the sensitivity of all the face recognition tests, and perhaps other memory-

based tests as well. 
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Appendix 

Data and Results Summary 

This Appendix contains the means for all groups compared in the present study.  

All means are expressed in percent accuracy (i.e., the percentage of items that the patients 

correctly identified).  Standard deviations are included in parentheses.  The results of all 

relevant comparisons are also included. 

 

Side of Surgery x Type of Surgery – F(1,37)= 4.05, p=.051, partial η2=.099 

 Left TLE/S Right TLE/S 

Amygdalohippocampectomy 83.48% (7.01) 

N=7 

69.01% (9.71) 

N=8 

Temporal Lobe Resection 72.14% (8.58) 

N=16 

68.34% (11.16) 

N=14 

 

 

Side of Surgery - F(1, 37)= 9.36, p< .01, partial η2=.202 

Left TLE/S Right TLE/S 

75.59% (9.60) 

N= 23 

68.58% (10.43) 

N= 22 
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Side of Surgery x Sex of Patient - F(1,37)= .49, p=.49, partial η2=.013 

 Left TLE/S Right TLE/S 

Men 76.85% (9.04) 

N=9 

67.12% (8.57) 

N=8 

Women 74.78% (10.19) 

N=14 

69.42% (11.58) 

N=14 

 

 

Side of Surgery x Type of Stimulus - F(1, 37)= .66, p= .42, partial η2=.018 

 Left TLE/S  

N=23 

Right TLE/S  

N=22 

Target Faces 75.41% (15.52) 74.04% (11.78) 

Distractor Faces 75.77% (12.14) 63.16% (21.04) 
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Side of Surgery x Type of Stimulus x Sex of Patient - F(1, 37)= .02, p= .91, partial 

η
2<.001 

  Left TLE/S Right TLE/S 

Target Faces Men 79.28% (14.75) 

N=9 

72.92% (10.87) 

N=8 

 Women 72.92% (16.02) 

N=14 

74.63% (12.62) 

N=14 

Distractor Faces Men 74.42% (12.99) 

N=9 

61.33% (19.28) 

N=8 

 Women 76.64% (11.97) 

N=14 

64.21% (22.61) 

N=14 

 

 

Side of Surgery x Sex of Face - F(1, 37)= 1.24, p= .27, partial η2=.033 

 Left TLE/S  

N=23 

Right TLE/S  

N=22 

Female Faces 74.46% (11.01) 67.19% (10.59) 

Male Faces 76.72% (9.10) 66.98% (11.72) 
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Side of Surgery x Sex of Face x Sex of Patient - F(1, 37)= 1.98, p= .17, partial η2=.051 

  Left TLE/S Right TLE/S 

Men Female Faces 75.93% (9.62) 

N=9 

63.93% (7.45) 

N=8 

 Male Faces 77.78% (9.35) 

N=9 

70.31% (11.32) 

N=8 

Women Female Faces 73.51% (12.08) 

N=14 

69.05% (11.87) 

N=14 

 Male Faces 76.04% (9.23) 

N=14 

69.79% (12.36) 

N=14 

 

 

Side of Surgery x Sex of Face x Type of Stimulus - F(1, 37)= 4.95, p= .03, partial 

η
2=.118 

- Target Faces (Side of Surgery x Sex of Face) - F(1,37)= 4.67, p =.04, partial 

η
2=.112 

- Female Target Faces - F(1,37)= 4.89, p =.03, partial η2=.117 

- Male Target Faces - F(1,37)= .18, p =.68, partial η2=.005 

- Distractor Faces (Side of Surgery x Sex of Face) - F(1,37)= .438, p =.51, partial 

η
2=.012 
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  Left TLE/S  

N=23 

Right TLE/S  

N=22 

Target Faces Female Faces 73.90% (17.45) 71.50% (12.47) 

 Male Faces 76.90% (15.00) 76.52% (14.02) 

Distractor Faces Female Faces 75.00% (12.45) 62.88% (22.90) 

 Male Faces 76.54% (13.48) 63.45% (20.14) 

 

 

Time of Administration x Sex of Face - F(1,37)= 4.59, p=.04, partial η2=.110 

- Pre-Surgery - F(1, 37)= .71, p= .40, partial η2=.019 

- Post-Surgery - F(1,37)= 10.14, p< .01, partial η2=.215 

 Female Faces Male Faces 

Pre-Surgery (N=45) 70.93% (12.54) 73.33% (11.53) 

Post-Surgery (N=45) 70.88% (12.60) 73.52% (11.88) 

 

 

Time of Administration x Sex of Face x Sex of Patient - F(1,37)= 10.77, p<.01, partial 

η
2=.226 

- Pre-Surgery (Sex of Face x Sex of Patient) - F(1,37)= .14, p=.71, partial η2=.004 

- Post-Surgery (Sex of Face x Sex of Patient) - F(1,37)= 10.24, p<.01, partial 

η
2=.217 

- Men - F(1,37)= 15.79, p<.01, partial η2=.299 

- Women - F(1,37)< .001, p=.99, partial η2<.001 
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 Men (N=17) Women (N=28) 

 Female Faces Male Faces Female Faces Male Faces 

Pre-Surgery 71.47% (11.99) 73.28% (11.18) 70.54% (13.06) 73.36% (11.94) 

Post-Surgery 69.00% (13.13) 75.25% (11.41) 72.02% (12.36) 72.47% (12.25) 

 

 

Sex of Face - F(1,37)= 5.74, p=.02, partial η2=.134 

Male Faces (N=45) Female Faces (N=45) 

73.43% (10.89) 70.90% (11.30) 

 

 

WMS Subtest x Sex of Face - F(1,37)= 8.14, p=.01, partial η2=.180. 

- Female Faces - F(1,37)= 6.32, p=.02, partial η2=.146 

- Male Faces - F(1,37)= 4.56, p=.04, partial η2=.110 

 Female Faces (N=45) Male Faces (N=45) 

WMS-Immediate 69.21% (12.40) 75.23% (11.50) 

WMS-Delayed 72.59% (11.32) 71.62% (11.59) 
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WMS Subtest x Sex of Face x Stimulus Type - F(1,37)= 14.45, p<.01, partial η2=.281 

  Female Faces (N=45) Male Faces (N=45) 

WMS-

Immediate 

Distractor Faces 66.20% (20.71) 74.44% (14.42) 

 Target Faces 72.22% (15.92) 76.02% (15.72) 

WMS-Delayed Distractor Faces 71.94% (19.97) 65.84% (21.22) 

 Target Faces 73.24% (16.61) 77.41% (15.63) 
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Supplemental Analyses 

 The study comprising Article 1 found that healthy participants recognized 

distractor faces more accurately than they recognized target faces.  This same comparison 

was not significant among patients with TLE/S assessed in the study in Article 2.  

However, when the patients' scores on targets and distractors were assessed based on the 

hemisphere of their seizures, the results showed that patients with right TLE/S were less 

accurate in recognizing distractor faces than were patients with left TLE/S.  No 

significant differences between the two patient groups were found on target faces.  Given 

the discrepancy in the results of the two studies, it was of interest to determine: 1) 

whether patients with TLE/S (localized in either of the hemispheres) performed more 

poorly than healthy participants on target faces, and 2) whether patients with left TLE/S 

performed similarly to healthy participants on distractor faces.   

 To this end, two one-way analyses of variance were conducted, with medical 

status (i.e., healthy, right TLE/S or left TLE/S) as the independent variable, and scores on 

target and distractor faces as the dependent variable examined separately in each 

ANOVA.  Prior to examining the results, it is important to note that the patient group and 

healthy group were not matched on any variables (e.g., age, education), and as such, the 

results need to be interpreted in this context. 

 The ANOVA examining scores on target faces was not significant, F(2, 98) = 

.319, p= .728.  The ANOVA examining scores on distractor faces was significant, F(2, 

98) = 28.23, p< .001.  Follow-up analyses using the Bonferroni corrected t-test method 

revealed that all group comparisons were significant at p <.05.  The relevant means are 

presented in table S.4.1. 
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Table S.4.1. 

Comparison of Performance of Patients with TLE/S Versus Healthy Individuals on 

Target and Distractor Faces 

 Target faces Distractor faces 

Healthy participants           (N=56) 76.60 (12.59) 87.35 (8.75) 

Right TLE/S patients         (N=22) 74.01 (11.78) 63.16 (21.04) 

Left TLE/S patients           (N=23) 75.41 (15.52) 75.77 (12.14) 

 

 The above results indicate that patients with TLE/S perform similarly to healthy 

participants on target faces, but that they recognize distractor faces less accurately than 

the healthy group.  Moreover, patients with right TLE/S appear to experience the greatest 

difficulties on distractor faces in comparison to the other two groups. 
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Chapter 5 

General Discussion 

The articles presented in the previous chapters described research studies that 

explored the nuances of sex differences in face recognition memory as assessed by a 

commonly used clinical test, the Wechsler Memory Scale - Faces Substests (WMS-FS; 

Wechsler, 1997).  The goal of the first study was to determine whether sex differences in 

face recognition memory (at the level of the participant, stimulus face, as well as in the 

recognition of target versus distractor faces) would be present on the WMS-FS, and 

whether these results would be similar to those found with a non-clinical test of face 

recognition (Experimental Face Test; EFT) in the same group of healthy volunteers.  The 

goal of the second study was two-fold.  First, it was important to determine whether the 

sex differences found in Article 1 with healthy participants would also be present when 

the test was administered to a clinical population such as one comprising patients with 

temporal lobe epilepsy/surgery (TLE/S), and whether these findings would differ based 

on the hemisphere affected by TLE/S.  Second, because the WMS-FS has been criticized 

for lacking sensitivity to detecting the hemisphere of seizures in patients with TLE/S, it 

was of interest to clarify whether the two groups differed in their performance on the test, 

and whether the surgical status of the sample (i.e., pre- versus post-surgery) would affect 

the results.  Together, these findings could be used by clinicians and researchers working 

with patients with TLE/S to better interpret and understand patients' performance on tasks 

requiring face recognition - including the WMS-FS.  Presenting these two articles in one 

document allowed for a contrasting of their results, and thereby for an exploration of the 
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differences between the performances of healthy individuals versus those with brain 

dysfunction due to temporal lobe epilepsy/surgery (TLE/S).   

Sex Differences on the WMS-FS 

 Research with non-clinical tests of face recognition has consistently found that 

women recognize faces more accurately than do men (Lewin & Herlitz, 2002; Lovén, 

Herlitz, & Rehnman, 2011; Rehnman & Herlitz, 2007), that female faces are recognized 

more accurately than are male faces (Rehnman & Herlitz, 2007; Shapiro & Penrod, 

1986), but that this bias is restricted primarily to women (i.e., same-sex bias for women; 

Lewin & Herlitz, 2002; Rehnman & Herlitz, 2007; Wright & Sladden, 2003).  It would 

therefore be expected that similar results would be found with clinical tests of face 

recognition such as the WMS-FS.  However, research that has used the WMS-FS to 

examine sex differences has been limited, and the results are difficult to interpret due to 

methodological variations.  The studies in the two articles presented here examined the 

WMS-FS for the presence of sex differences at the level of the participant (i.e., women 

versus men), at the level of the stimulus face (i.e., female faces versus male faces), and at 

the level of the stimulus type (i.e., face’s designation as a target versus distractor).   

 Sex differences at the level of the participant. 

 No sex differences at the level of the participant were found among healthy 

individuals on the WMS-FS or EFT in Article 1, or among patients with TLE/S on the 

WMS-FS in Article 2.  A closer examination of the effect sizes showed that they were 

small in both studies and across all tests (i.e., .001-.003), and the resultant estimated 

power was also poor (i.e., .5-.52).  Given this information, it is likely that sex differences 
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on the WMS-FS and EFT at the level of the participant are either very small, or not 

present at all.   

 It is unclear why some researchers have consistently found sex differences on 

their measures of face recognition (e.g., Rehnman & Herlitz, 2007).  One possibility is 

that the types of stimuli selected for the measure may directly affect whether men or 

women are more accurate at the task.  If this is the case, then it remains to be determined 

specifically what stimuli characteristics would lead to women outperforming men, or vice 

versa.  More research on this issue is needed. 

 Another possible explanation for the lack of sex differences in the present studies 

is particularly relevant to the WMS-FS.  More specifically, the WMS-FS is a clinical, 

standardized test of face recognition.  As such, it is possible that any items that could 

have produced sex differences were deleted from the final version of the test (Halpern, 

2012).  In this regard, it is important to note that the technical manual accompanying the 

WMS-III does not specifically state that this was done for the WMS-FS (The 

Psychological Corporation, 1997).  Clarification of this issue by the creators of the test 

may be necessary.    

 Sex differences at the level of the stimulus. 

In addition to sex differences at the level of the participants, differences were also 

expected at the level of the sex of the face stimulus, with female faces being recognized 

more accurately than male faces.  The results of the two studies were mixed, as female 

faces were recognized more accurately than male faces in the study in Article 1, whereas 

male faces were recognized more accurately than female faces in the study in Article 2.  

The main effect of the sex of the stimulus, however, was qualified by its interaction with 
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WMS subtest.  The results of this interaction were consistent across the two studies.  

Specifically, both studies found that female faces were recognized more accurately on the 

non-clinical test of face recognition (i.e., EFT in Article 1), and on the WMS-Delayed 

subtest (Articles 1 and 2).  On the WMS-Immediate, in contrast, male faces were 

recognized more accurately than were female faces in both studies.  Given that this 

pattern of results held across samples from two populations (i.e., healthy volunteers and 

patients with TLE/S), it suggests that the WMS-Immediate is different in its construction 

from non-clinical tests of face recognition and from the WMS-Delayed.  It was proposed 

that the differences may lie in variations in the distinctiveness (e.g., uniqueness, 

memorability) of the faces on the WMS-Immediate.  Specifically, researchers have found 

that the distinctiveness of the face is a strong predictor of how accurately the face will be 

remembered later, in that distinctive faces are typically remembered more accurately than 

faces that are less distinctive (Cohen & Carr, 1975; Light, Kayra-Stuart, & Hollander, 

1979; Newel, Chiroro, & Valentine, 1999).  Therefore, it may be that the male faces on 

the WMS-Immediate are more distinctive than the female faces on this subtest. 

 In addition to predicting a superior performance on female faces in general, it was 

also predicted that this superiority would apply primarily to women (i.e., same sex bias).  

In the present research a trend towards a same-sex bias was found among the healthy 

women assessed with the WMS-FS in Article 1, but not among the healthy men.  In 

addition, when men’s performance on the EFT and the WMS-Immediate was combined 

in the analyses in Article 1, men evidenced a slight trend towards a same-sex bias as well.  

This suggests that sex differences are likely present on the WMS-FS in the healthy 

population when the sex of the participant and the sex of the stimulus face are considered.  
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With regards to the patients with TLE/S assessed in Article 2, men were found to 

evidence a same-sex bias post-operatively, but no sex biases were noted pre-operatively, 

or among women.  This suggests that even if same-sex biases are present among the 

healthy population, these biases may be different when the clinical population of patients 

with TLE/S is considered.  As such, this finding may be used to help differentiate 

individuals with damage due to TLE/S from those who are healthy. 

 Sex differences at the level of the stimulus type. 

 Finally, sex differences were also predicted at the level of stimulus type (i.e., 

target versus distractor) based on the combination of two lines of research.  First, using 

neuroimaging techniques, researchers have found that, during face processing, men tend 

to evidence activation primarily in the right hemisphere, whereas women tend to 

evidence activation in the left hemisphere (Everhart, Shucard, Quatrin, & Shucard, 2001; 

Njemanze, 2006). Second, researchers have found that the right hemisphere shows a 

preference for target faces, whereas the left hemisphere shows a preference for distractor 

faces (Patterson & Bradshaw, 1975; Sergent, 1982).  Given this information, it was 

predicted that women would perform more accurately on distractor faces than would 

men, whereas men would outperform women on target faces.   

This hypothesis was not supported in either study, as no sex differences in the 

recognition accuracy of targets versus distractors were found among healthy volunteers, 

nor among individuals with TLE/S.  A possible explanation for the lack of significant 

results here may be that the above studies did not assess memory for faces to the same 

extent as did the WMS-FS.  Specifically, the studies cited above required the participants 

to match a target face to a face that was presented mere seconds (or even milliseconds) 
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earlier, thereby arguably putting greater focus on perceptual processes or working 

memory than on long-term memory processes.  In support of this assertion, in a study of 

face perception where participants identified a target face from a distractor face mere 

seconds after first seeing the target face (i.e., .5 to 3 seconds after) found, that women 

were more accurate than men on this task (McBain, Norton, & Chen, 2009).  In contrast, 

the WMS-FS requires participants to learn a series of 24 faces, and to then identify these 

faces from among distractor faces following a five minute delay, and again following a 

35 minute delay.  As such, the demand on memory processes, especially episodic 

memory, would be arguably greater in the present research.  Therefore, it may be that sex 

differences in performance are present at the level of the stimulus type during encoding, 

or when the load on memory processes is limited to one image that needs to be held in 

memory for a very brief period of time.  These sex differences in performance however, 

may be absent when one is required to remember several images or to keep these images 

in memory during a longer delay before being tested on his/her recognition accuracy.   

 In summary then, although no sex differences at the level of the participant were 

found in either study when the sex of the face was considered, female faces were 

recognized more accurately on the WMS-Delayed by healthy individuals and by patients 

with TLE/S, and on the EFT by healthy individuals.  The WMS-Immediate did not follow 

this trend, as male faces were recognized more accurately in both studies, possibly due to 

their greater distinctiveness.  Trends toward a same sex bias among women were noted 

on both subtests of the WMS-FS in the healthy sample.  In addition, a slight trend 

towards a same-sex bias for men was noted on the WMS-Immediate and EFT tests when 

administered to the healthy sample.  With regards to patients with TLE/S, a same-sex bias 
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was noted only among men patients post-operatively.   Finally, no sex differences were 

noted in either study, and on any of the tests, at the level of the target versus distractor.  

Taken together, the results of the two Articles suggest, that sex differences are present on 

the WMS-FS at the level of the stimulus face, and potentially at other levels (i.e., sex of 

participant, and when sex of the participant is considered in combination with the sex of 

the face) in both healthy participants assessed in the study presented in Article 1, as well 

as in patients with TLE/S assessed in the study presented in Article 2. 

WMS-FS Performance in Patients with TLE/S  

 The second goal of the study in Article 2 was to explore the performance on the 

WMS-FS in patients with right TLE/S versus left TLE/S in order to determine whether 

the two groups differed, and if so, whether they differed both before as well as after 

surgery.  This issue is very important as the WMS-FS has been criticized as inadequate in 

this domain (Dade & Jones-Gotman, 2001; Jones-Gotman et al., 2010), and has resulted 

in the test developers’ removing the face recognition test from their newest version of the 

Wechsler Memory Scale (i.e., WMS-IV; Wechsler, 2009).  As a result, the WMS-IV, a 

well regarded and frequently used clinical assessment tool, does not currently provide a 

test of this critical domain of memory.      

 Right versus Left TLE and Impact of Surgery. 

 The issue of the WMS-FS’ sensitivity in discriminating between individuals with 

right TLE/S and left TLE/S has received limited attention in the literature, and the two 

studies that have examined it have provided conflicting results. On the one hand, Wilde 

and colleagues (2001) did not find that the WMS-FS was sufficiently sensitive to identify 

individuals with right versus left TLE in a sample of patients with intractable TLE and 
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who had not undergone surgery.  In contrast, Doss, Chelune and Naugle (2004) found 

that the WMS-FS was able to correctly identify individuals with right TLE/S who had 

undergone surgery.  In trying to explain these conflicting results some researchers 

suggested that the WMS-FS does not appear to be sensitive to TLE-related deficits until 

they are exacerbated by surgery (Dade & Jones-Gotman, 2001; Jones-Gotman et al., 

2010).   The study in Article 2 combined the two groups of patients (i.e., all patients were 

tested pre- and post-surgery) in order to test this theory.   

The results of the present research were consistent with those of Doss and 

colleagues (2004) in that they clearly showed that individuals with right TLE/S were 

more impaired in face recognition memory than were individuals with left TLE/S.  

Moreover, in contrast to the study by Wilde and colleagues (2001), these differences 

were found to be present during pre-surgical assessment as well as after surgery.  There 

are two possible reasons for the differences in results.  First, the research reported in 

Article 2 sampled patients with TLE who qualified for surgical intervention (i.e., TLE 

was intractable and clearly lateralized to the temporal lobe of the right or left 

hemisphere), whereas Wilde and colleagues (2001) did not report whether their study 

participants qualified for surgical interventions following the culmination of their study.  

As such, it may be that the two groups were qualitatively different.  A second explanation 

for the discrepancy between the two sets of results may be differences in how the data 

were analyzed.  More specifically, whereas the present study relied on raw scores in all 

analyses, Wilde and colleagues (2001) used scaled scores in their analyses.  The use of 

scaled scores may be problematic, as it essentially takes the raw scores and condenses 

them to fit a scale that ranges from one to 19, so the individuals with different raw scores 
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may end up with the same scaled score.  Reducing the range of scores may reduce the 

sensitivity of the test in terms of its ability to pick up individual differences, especially 

among patients with TLE/S awaiting surgery.  

Sex Differences in Performance between Patients with Right and Left TLE/S. 

In addition to determining whether patients with right TLE/S would perform 

differently from patients with left TLE/S, it was also of interest to examine the role of sex 

in the group differences.  The reason for this was that previous research has identified sex 

differences in face recognition, and this has been replicated (to some extent) in the study 

in Article 1.  If these sex differences were present in patients with right TLE/S to a 

different extent than in patients with left TLE/S, then this would open the possibility for 

researchers and clinicians to use this information when trying to lateralize seizures. 

To this end, the performance of men and women with right TLE/S and left TLE/S 

was compared, but no differences were found.  Given that this non-significant finding 

mirrors the findings with healthy participants reported in the study reported in Article 1, 

it is unlikely that taking sex of the participant into consideration when interpreting the 

results of the WMS-FS in patients with TLE/S would aid in helping to localize the 

hemisphere of seizures. 

In addition to examining the sex of the patients, performance differences between 

patients with right and left TLE/S were also examined at the level of the stimulus face.  

To this end, the results from Article 2 clearly show that individuals with right TLE/S 

were more impaired on female target faces than were individuals with left TLE/S, 

whereas no differences were noted for male target faces.  This result can be explained 

when the findings from various other lines of research are taken into consideration.  More 
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specifically, researchers working with newborns have found, that even infants that are 

only a few hours old were able to discriminate their mother’s face from that of another 

female (Bushnell, Sai, & Mullin, 1989; Walton, Bower, & Bower, 1992), but the same 

does not apply to their father’s face (Walton et al., 1992).  Later in life this preference for 

female faces may demonstrate itself in the greater recognition accuracy for female faces 

in general (Lovén et al., 2011; Rehman & Herlitz, 2006, 2007).  This suggests that there 

is something special about female faces, and that this “specialness” is possibly innate in 

humans.   

Moreover, some researchers now believe that there are two separate systems 

responsible for the processing of faces.  There is the featural processing system that 

focuses on the individual components of the face (e.g., shape and colour of the eyes, 

nose, mouth, etc.), and then there is the configural processing system that focuses on the 

overall spatial relationships between the facial features (e.g., the distance between the 

eyes in relation to their distance from the eyebrows, etc.; Scott & Nelson, 2006).  The 

configural system, which has been localized primarily to the right hemisphere (Bourne, 

Vladeanu, & Hole, 2009; Renzi, Schiavi, Carbon, Vecchi, Silvanto, & Cattaneo, 2013; 

Scott & Nelson, 2006), has been found to be used most heavily when processing items of 

expertise (Diamond & Carey, 1986), which could, based on the above research, include 

female faces.  Taken together, this information suggests that female faces are likely items 

of expertise that rely on the right-hemisphere-based configural system for recognition.  It 

would therefore make sense for female target faces to be recognized less accurately 

following right TLE/S than following left TLE/S.  This finding suggests that examining 
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patient's performance on female target faces separately may potentially be useful in 

helping to localize seizures to the right or left hemisphere. 

Examining sex differences at the level of target versus distractor further, the data 

from the study in Article 2 failed to show any significant differences between men and 

women at this level.  An important finding did, however, emerge when patients with right 

TLE/S and left TLE/S were compared in their accuracy in identifying targets versus 

distractors (when sex of patients variable was removed from the analysis).  Specifically, 

the data clearly show that although individuals with right TLE/S were more impaired in 

general, they were particularly impaired at recognizing distractors when compared with 

individuals with left TLE/S.  A replication of these results with a different sample of 

patients with TLE/S would be necessary. 

One possible explanation for this finding can be derived from the idea that 

recognition memory is composed of two distinct components: familiarity and recollection 

(Mandler, 1980).  Familiarity is the sense that a stimulus (e.g., a face) has been seen 

before, whereas recollection is the ability to locate the specific context within which the 

stimulus has been seen (Squire, Wixted, & Clark, 2007).   From this perspective, 

Chandler (1994) proposed, that a face can be familiar for one or more reasons, including 

that it has been seen before during the learning stage of the test.  If a face is familiar only 

because it has been seen during the learning stage, then the face is likely to be correctly 

identified as a target face.  If however, multiple reasons for familiarity exist (e.g., the face 

has been seen during the learning stage, the face looks similar to that of a friend, etc.), 

then the individual needs to clearly identify the context of the memory for the face (i.e., 

have a clear recollection of being presented with the stimulus; Johnson, Hashtroudi, & 
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Lindsay, 1993).  In other words, the individual needs to determine whether he/she 

remembers seeing the face during the learning stage of the test.  If this recollection of the 

context is not clear, then the face is more likely to be incorrectly identified as a distractor 

face.  With regards to patients with TLE/S, it may be that this ability to recollect the 

context is impaired in patients with right TLE/S, and they consequently rely mainly on 

their sense of familiarity to identify faces.  This would result in patients with right TLE/S 

recognizing target faces almost as accurately as healthy individuals, but this reliance on 

familiarity would result in lower scores on distractor faces, as they might feel that a 

distractor face is familiar for various reasons (e.g., similarity to the face of a 

friend/actor/coworker), and without having a clear memory of the context, they might 

mistakenly think that it is because they have seen it during the learning stage of the 

WMS-FS.  Therefore, it may be that the deficit in face recognition memory among 

patients with right TLE/S is indeed a deficit in their memory for context (i.e., 

recollection).   

This explanation is supported by research that has found that recollection and 

familiarity processes are linked to structures within the medial temporal lobe (for a 

review see Eichenbaum, Yonelinas, & Ranganath, 2007; Rugg & Yonelinas, 2003; 

Squire, Stark, & Clark, 2004).  Specifically, researchers have found that the recovery of 

contextual information from other regions of the temporal lobe appears to be mediated by 

the hippocampus (Eichenbaum et al., 2007).  As such, it would follow that if the 

hippocampus is unilaterally damaged or surgically extracted, as is often the case among 

patients with TLE/S, then this could then result in the face recognition deficits discussed 

above.  In contrast, since information about the familiarity of a face is thought to be more 
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widely distributed throughout the temporal lobe and is not thought to rely heavily on the 

hippocampus for mediating recovery (Eichenbaum et al., 2007), then patients with TLE/S 

should be less likely to be evidence an impairment in this domain.  Since patients with 

right TLE/S are more affected in their recognition of distractors, it may be that the right 

hippocampus is especially critical to the process involved in their identification. 

In order to clarify this, it would be necessary to compare the distractor (and 

potentially target) accuracy of patients with right and left TLE/S to the performance of 

healthy individuals matched on critical variables.  The design of the studies presented in 

Article 1 and Article 2 does not allow for the matching of participants, however, an 

exploratory supplemental analysis was conducted to provide a preliminary examination 

of this issue.  This examination revealed that patients with TLE/S, regardless of 

hemisphere affected, did not differ from healthy participants in their accuracy in 

recognizing target faces.  They did, however, differ in their performance on distractor 

faces.  More specifically, the results clearly showed that healthy individuals 

outperformed patients with left TLE/S, who in turn outperformed patients with right 

TLE/S on distractor faces.  Consequently, it appears that TLE/S selectively affects 

individuals' ability to identify distractor faces, with the greatest impairment evidenced by 

individuals with right TLE/S.  Although this finding is exciting, it is critical to replicate it 

with properly matched participants in further research. 

Conclusion 

In conclusion, the results of the two studies indicate that sex differences were 

present on the WMS-FS at the level of the stimulus face, with male faces being 

recognized more accurately on the WMS-Immediate, and female faces being recognized 
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more accurately on the WMS-Delayed (and EFT in Article 1).  However, whereas a trend 

toward a same sex bias was found for healthy men and women in the study described in 

Article 1, men showed a significant same-sex bias following surgery in the study in 

Article 2.  With regards to the differences between patients with right TLE/S versus left 

TLE/S, the study in Article 2 clearly showed that patients with right TLE/S exhibited an 

impairment in face recognition relative to patients with left TLE/S.  Importantly, this 

difference in accuracy between the two groups was present both pre-, as well as post-

surgery.  In addition, patients with right TLE/S were found to be more impaired in their 

recognition of female target faces when compared to patients with left TLE/S.  Perhaps 

the most interesting and important finding of the present research was a significant 

difference between patients with right TLE/S and left TLE/S in their accuracy in 

recognizing distractor faces.  Specifically, the results reported in the study in Article 2 

showed that patients with right TLE/S were less accurate in recognizing distractors than 

were patients with left TLE/S.  Moreover, supplemental analyses revealed that both 

groups of patients with TLE/S were less accurate than healthy individuals surveyed in the 

study reported in Article 1.  As such, it appears that the temporal lobes may be 

predominantly involved in making judgments of familiarity, with the right temporal lobe 

contributing the most to this process.  Consequently, clinicians and researchers 

attempting to localize the focus of seizures may benefit from examining patients' 

performance on distractor faces separately, rather than focusing on overall performance 

accuracy. 

The present findings have clear implications for future research, as researchers 

need to learn more about what participant and stimulus characteristics may influence the 
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presence/absence of sex differences on face recognition tests.  With regards to research 

examining localization of seizures, future studies need to compare the performance of 

patients with right TLE/S versus left TLE/S to a matched group of healthy individuals on 

their performance on target versus distractor faces.  It may be that distinguishing 

individuals' performance on these two types of stimuli may improve the localization 

ability of the WMS-FS, and possibly of other memory tests as well.  
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